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LOI CAM DOAN

Téc gia xin cam doan rang cong trinh “Nghién ciu cong nghé siy gdb Cam
xe (Xylia xylocarpa) biang phuong phap sy chan khéng” duogc trinh bay trong
luan &n nay la do chinh tac gia thuc hién. Céc s liéu va két qua c6 trong luan &n
la trung thue chwa duoc cdng trinh caa cac tac gia khac cong bé.

Tp. H6 Chi Minh, nam 2023

Tac gia

Bui Thi Thién Kim
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LOI CAM ON

Truéc hét, toi xin chan thanh cam on Trudng Pai Hoc Nong Lam Tp. Hb
Chi Minh, Ban Gidm Hiéu, Phong dao tao Sau dai hoc, Khoa LA&m Nghiép, Bo
moén Ché bién LAm san da tao diéu kién cho t6i hoc nghién ctu sinh chuyén
nganh Ky Thuat Ché Bién Lam San khoa 2015.

Xin giri 161 cam on chan thanh sau sic dén Thay C6 huéng dan khoa hoc
PGS.TS Lé Anh Buc va TS. Hoang Thi Thanh Huong, nguoi da tan tinh hudng
dan, gitip d& va dong vién trong sudt qua trinh hoc tap, nghién ciu va thuc hién
luan an.

Xin giri 101 cam on ndng 4m dén toan thé Thay Cd Khoa Lam Nghiép da
gitip d& va tao diéu kién cho toi trong sudt qua trinh hoc tap va nghién ctu. Pac
biét 14 Thay PGS.TS Hd Xuan Cac, Cd PGS.TS Huaa Thi Huan, Thay PGS.TS
Pham Ngoc Nam, Thay PGS.TS. Ping Pinh B6i, C6 TS. Tang Thi Kim Hong da
tan tinh giap do, gop y xdy dung cho nhitng noi dung cua luan &n duoc hoan
thién hon.

Xin giri 10i cam on dén toan thé Thay C6 B6 mdn Ché Bién Lam san da
gitip d& va tao diéu kién, hd tro thoi gian cho toi trong sudt qua trinh hoc tap va
nghién cuu.

Xin guri 161 cam on dén toan thé déng nghiép, qui Anh Chi Em, ban bé than
hitu da dong vién, gitp d& toi trong sudt qua trinh hoc tap va nghién cuu.

Cubi cung, giri 16i cam on yéu thuong dén gia dinh Ba Me, Anh Chij da
lubn bén canh con ludén dong vién, ung ho, giup d& con trong bat ky hoan canh
nao, déng thoi tao moi didu kién tét nhat cho con trong suét thoi gian hoc tap va

nghién ciru. Con yéu qui ca nha rat nhiéu.
Xin trén trong giri ngan o1 cam on!
Tp. H6 Chi Minh, nam 2023

Nghién cttu sinh

Bui Thi Thién Kim
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TOM TAT

Tén luan an: Nghién ctu cong nghé say gdb Cam xe (Xylia xylocarpa) bang
phuong phap siy chan khong

Nghién ctu sinh: Bui Thi Thién Kim

Chuyén nganh: K thuat Ché bién Lam san

M4 sb: 9.54.90.01

Nghién cttu cong nghé say gé Ciam xe bang phuong phap say chan khéng
v6i muc tiéu chinh 1a xay dung md hinh toan truyén nhiét va am cung véi thuc
nghiém dé xac dinh ché do sy chan khéng phu hop cho nguyén liéu g Cam xe.

Pé giai quyét muc tiéu trén, nghién ctiru da tién hanh tim hiéu cac két qua
nghién ctru Iy thuyét cua céc tac gia trong linh vuc truyén nhiét, truyén am veé sy
g6 va cac vat lieu xop khac. Bong thoi ting dung ly thuyét toan hoc, vat 1y dé xay
dung mo hinh vat ly vé qua trinh say chan khong gé Cam xe, mé hinh toan hoc
md ta ban chat truyén nhiét truyén am trong nguyén liéu gd; thuc hién giai md
hinh todn bang phuong phap phan tir hitu han va tim nghiém cua mé hinh toan
truyén nhiét, truyén am, st dung phwong phéap thuc nghiém dé xac dinh cac
thong s6 nhiét vat Iy cua gd Cam xe thong qua d6 kiém ching mé hinh toan ly
thuyét bang thuc nghiém. Dya vao két qua thuc nghiém xac dinh cac thong sb
cong nghé siy chan khong phi hop gop phan xay dung cac budc trong qui trinh
say g6 Cam xe bang phuong phép sy chan khong.

Két qua nghién ciru cua luan an da thuc hién duoc cac ndi dung nhu sau:

Bang thuc nghiém xac dinh duoc cac thdng sb nhiét vat ly cua gd Cam xe
phu thudc theo d6 am cua vat liéu sdy, vai céc thdng s6 bao gom:

- Khéi lugng riéng cua gd Cam xe:

Pwo = 0,0068.W + 0,7875 (R? = 0,9532)

Véi : W = 10 — 40%, W d6 am gd (%), pwo khéi lwong riéng gd Cam xe
(g/cm?®)

- Nhiét dung riéng ctia gdb Cam xe:

Cuop = - 0,058 W2 + 10,982.W + 15382 (R? = 0,9998)

Véi: W = 10 — 40%, W 1a do am gd (%), Cwop 1 nhiét dung riéng gb
(I/kg.K)



- Hé s6 dan nhiét cua gd Cam xe:

Doc thé : k= - 0,0001.W? + 0,019.W + 0,1995 (R®=0,9776)

Ngang tho : k.= 0,0002.W? - 0,056.W + 0,2083 (R*=0,992)

Véi: W = 10 — 40%, W 1a d6 am (%), ki: k, 1a 6 dan nhiét doc thé va ngang
thé (W/m.K)

- D6 am bdo hoa thé g6 Cam xe:

Do am bio hoa dat duoc trong khoang 18,14 — 23,07% két qua gi4 tri trung
binh d6 4m bdo hoa thé g6 Cam xe dat Wyyersp = 20,556%.

- P 4m thang bang (can bang) cia g6 Cam xe:

Thong qua biéu d6 xac dinh d6 am thang bang caa gd tai thanh phd H6 Chi
Minh thoi diém nhiét d6 T = 32°C, d6 4m twong d6i khdng khi ¢ = 75%, cho két
qua do am thing bang 12 Wyeq = 14%.

- P 4m ban dau cua gé Cam xe:

Do am ban dau trong khoang 39,21 — 41,63%, két qua gia tri trung binh do
am ban dau gd Cam xe dat Wi\ = 40,36%.

Str dung phuong phap say chan khéng hong ngoai cho nguyén liéu gdb Cam
xe. Xay dung duoc md hinh toan biéu dién qué trinh truyén nhiét, truyén am
trong quéa trinh siy, giai mé hinh toan bang phuong phap phan ti hitu han, ding
phan mém Comsol Multiphysics md phong qué trinh say, két qua dugc thé hién
thong qua céc hinh anh, biéu do phan bé nhiét d6 va am do.

Két qua thuc nghiém ghi nhan su phan bd nhiét ¢, am do, trong qué trinh
say chan khong gb Cam xe, so sanh vdi két qua duoc tinh tir md hinh toan c6
bién dang va xu hudéng phl hop véi dién bién thuc nghiém sy, sai sé vé trung
binh 16n nhat khi siy bang phuong phap chan khong buc xa hong ngoai 1a dudi
5%.

Bang phuong phap quy hoach thuc nghiém da xac dinh dugc phuong trinh
tuong quan va hoi qui biéu dién su phy thudc giira thoi gian say, ty 1é khuyét tat
g6 vai nhiét do, va cuong d6 buc xa hdng ngoai. Xac dinh duoc cac thdng sé
cdng nghé phu hop cho qua trinh say chan khdng gd Cam xe qui cach chiéu day
20 — 50 mm céc gié tri nhu sau: nhiét do sy Ts= 58,5- 58,9°C, &p suit p = 0,2
bar va cudng d6 birc xa hong ngoai Py, = 625 - 641 W/m?.
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SUMMARY

Thesis: Study on the drying technology of Pyinkado (Xylia xylocarpa) by
vacuum drying method

PhD student: Bui Thi Thien Kim

Major: Forest products processing engineering technology

Code: 9.54.90.01

The main objective of research on the drying technology of Pyinkado by
vacuum drying method was to build a mathematical model of heat and moisture
transfer along with experiments to determine the suitable vacuum drying
schedules for Pyinkado wood.

To solve the research objective, the study has been conducted to understand
the results of the theoretical research of the authors in the field of heat transfer,
and moisture transfer on drying wood and other porous materials.
Simultaneously, applying mathematical and physical theory to build a physical
model of the Pyinkado wood vacuum drying process, a mathematical model
describing the nature of heat transfer and moisture transfer in wood materials;
solved the mathematical model by the finite element method and found the
solution of the heat and moisture transfer mathematical model, used the
experimental method to determine the thermo-physical properties of Pyinkado
wood through which to verify the model theoretical model by experiment. Based
on the experimental results, determined the appropriate vacuum drying
technology parameters contributing to the construction of steps in the Pyinkado
wood drying process by the vacuum drying method.

The results of the study have been presented as follows:

By experiment, the thermophysical parameters of Pyinkado wood depended
on the moisture content of the drying material, with parameters including:

- Density of Pyinkado:

Pwo = 0,0068.W + 0,7875 (R* = 0,9532)

with : W = 10 — 40%, W moisture content of Pyinkado (%), pwo density of
Pyinkado (g/cm?)

- Specific heat capacity of Pyinkado:
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Cuwop = - 0,058.W” +10,982.W + 1538,2 (R” =0,9998)

with: W = 10 — 40%, W moisture content of Pyinkado (%), Cyop Specific
heat capacity of Pyinkado (J/kg.K)

- The coefficient of thermal conductivity of Pyinkado:

Longitudial : k= - 0,0001.W? + 0,019.W + 0,1995 (R* = 0,9776)

Radial & tangential : k,= 0,0002.W? - 0,056.W + 0,2083 (R* = 0,992)

with: W = 10 — 40%, W moisture content of Pyinkado (%), k;: k, coefficient
of thermal conductivity of Pyinkado wood longitudial and radial & tangential
(W/m.K)

- Fiber saturation moisture content of Pyinkado:

The fiber saturation point was achieved in the range of 18,14 — 23,07%. The
results showed that the average value of fiber saturated moisture content of
Pyinkado was W,oesp = 20,556%.

- Equilirium moisture content of Pyinkado:

Through the chart to determine the equilibrium moisture of wood in Ho Chi
Minh City at the time of temperature T = 32°C, the relative humidity of the air ¢
= 75%, resulting in equilibrium moisture of Pyinkado Wyy,eq = 14%.

- Initial moisture content of Pyinkado:

The initial moisture content was in the range of 39,21 — 41,63%, resulting
in the average value of the initial moisture content of Pyinkado W,y = 40,36%.

Using infrared radiation vacuum drying method for Pyinkado wood
materials. Building a mathematical model to represent the process of heat and
moisture transfer in the drying process, solving the mathematical model by the
finite element method, and using Comsol Multiphysics software to simulate the
drying process, the results were shown through images, charts, and graphs of
temperature and moisture content distributions.

The experimental results recorded the distribution of temperature and
moisture during vacuum drying, compared with the results calculated from the

mathematical model, whose contours and trends were consistent with the drying
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experiment. , the maximum mean error when drying by vacuum infrared
radiation method was less than 5%.

By experimental planning method, the correlation and regression equations
have been determined showing the dependence between drying time, wood
defect rate with temperature, and infrared radiation intensity. The appropriate
technological parameters for the vacuum drying process of wood with a thickness
of 20 - 50 mm were determined as follows: drying temperature T, = 58,5 —
58,9°C, pressure p = 0,2 bar, and infrared radiation intensity Py, = 625 - 641
W/m2.
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GIOI THIEU

1.Dit vén dé

Theo Téng cuc LAm nghiép nam 2021, 5/5 chi tiéu cua nganh 1am nghiép
déu dat va vuot muc tiéu dé ra. Bac biét, tri gia xuat khau gd va 1am san dat
15,87 ti USD, ting 20% so v&i ké hoach va tang 20% so v&i nim 2020 (riéng gd
va san pham gd dat 14,72 ti USD); xuat siéu ca nim udc dat 12,94 ti USD, ting
21,2% so v6i nam trude. V6i nhitng két qua dat duoc, tri gid xuat khau g va 1am
san chiém trén 30% tong tri gia xuat khau cac mat hang néng, 1am, thay san;
4,7% tri gia xuat khau toan qudc va 1a mot trong nhitng mat hang c6 tri gia xuat
khau trén 10 ti USD. Tri gia xuat siéu gd va 1am san chiém 16n nhat trong san
pham ndng, 1am, thay san (dat 12,94 ti USD, tiang 21,2% so vdi clng Ky nim
trudc), déng gop quan trong VAo tri gia xuat siéu caa toan nganh Nong nghiép. Vi
vay, dé gia ting mirc dong gdp va vi thé quan trong ctia gd va san pham gd, can
thiét phai dau tu nghién ctu, tap trung phat trién cong nghé san xuat[1].

Theo sb liéu béo céo tinh hinh nhap khau nguyén liéu gé Cam xe tir 2018
dén thang 8 nam 2021, nguyén liéu gd nhap khiu ting rat nhanh tir 2.278.000 m*
nam 2018 dén 11.483.000 m*vao nam 2021 [2]. P4y 1a mét trong ngudn nguyén
liéu chinh, gi tri cao &ng dung rat nhiéu trong san xuat san pham gd noi ngoai
that va cac san pham gd khéac trong cong nghiép ché bién gd hién nay. Tuy nhién
dé nang cao chat lwong san pham mét trong nhitng cong nghé khong thé thiéu Ia
cdng nghé siy gd. Pay 1a mot trong nhitng cong nghé rat quan trong trong qua
trinh gia cong san xuat cac san pham gd.

Van dé quan tam trong say gd la thoi gian sy va chat luong gd sau say, dic
biét ddi voi nhitng loai gb nhiéu dau nhya nhu Cam xe, chat ndy gay can tré qua
trinh thoat 4m 1am kéo dai thoi gian sdy va gay ra nhiéu khuyét tat nut tét, cong
vénh gd sau say. Vi vay, can phai c6 giai phap dé rat ngan thoi gian sdy va giam
ty 1& khuyét tat gd sau siy. Phuong phéap sy 1a mét trong nhitng chon lua hitu ich
vi ddy 1a yéu té anh huong truc tiép qua trinh siy. Nghién ctru phuong phap say

phu hop véi nguyén liéu siy dé rat ngan thoi gian siy dong thoi giam khuyét tat



gd sau siy gop phan nang cao chat lugng va gia tri nguyén liéu gd can nhanh
chéng tap trung giai quyét.

S4y chan khong dua vao su chénh léch ap suit 1a dong luc chinh cua qué
trinh say va nguyén ly ha diém soi ctia nudce dudi ap suat thiap da duoc nghién
ctru 1a mét trong nhitng giai phap hiéu qua giai quyét van dé trén, thé hién qua
cac codng trinh nghién ctu cua cac tac gia dién hinh nhu : Chen, Lamb [36],
Deliiski, Syuleymanov [42], He, Yao, Chen, Yi [52], Defo, Cloutier, Fortin [40,
41], Koumoutsakos [64], Koumoutsakos, Avramidis, Hatzikiriakos Savvas [65,
66, 67], Torres, Jomaa, Puiggali [101], Espinoza, Bond [46], Fu, Avramidis,
Weng, Cai, Zhou [49], Guler, Dilek [50], Scott Lyon, Scott Bowe, Michael
Wiemann [93]. Trong ba phuong thic truyén nhiét: dan nhiét, ddi luu va buc xa
thi chi duy nhét truyén nhiét bang bic xa 1a c6 hiéu qua trong méi trudng chan
khong. Dé tai da chon truyén nhiét bang buc xa hong ngoai vi day 1a phuong
phap gia nhiét cho vat lidu say theo phuong thirc gia nhiét thé tich, c6 nhiéu wu
diém so Véi cac phuong thic gia nhiét khac. Tir d6 phuong phéap siy két hop
giita chan khong vai gia nhiét bic xa mang lai wu thé 16n trong viéc thac day rat
manh qua trinh thoat am trong gd va gidp rdt ngin dang ké thoi gian say do sir
dung cuing ltc nhiéu loai dong luc trong qué trinh siy nhu: dong am, dong nhiét
va su chénh léch &p suat. Véi nhiéu ngudn dong lre duoc tan dung téi da cho qua
trinh thoat 4m, phuong phap nay 1a giai phap phu hop cho gé kho sdy, chta nhiéu
dau nhua dién hinh 1a gd Cam xe.

Nhu vay, phuong phéap sdy chan khdng két hop buc xa hong ngoai 6 thé 1a
giai phap cho viéc sy gdo Cam xe vai nhiéu dau nhua han ché qua trinh thoat am
& nhiét d6 cao. Khi siy chan khdng vai nhiét do thap, truyén nhiét birc xa hong
ngoai s& han ché su ndng chay cua dau nhya gop phan tao diéu kién thuan loi
nuéce va hoi nuéc di chuyén nhanh trong qua trinh thoat am. Tuy nhién, k¥ thuat
va cong nghé siy nay chua duoc nghién ciru va ap dung phd bién cho nguyén
licu gb n6i chung va gd Cam xe nodi riéng trong bdi canh hién nay. Trudc tinh
hinh trén, dé tai tién hanh “Nghién cu cbéng nghé siy Gd Ciam xe (Xylia

xylocarpa) bang phuwong phap say chan khong” dugc thyc hién.



2. Muc tiéu nghién ctru
Nghién cttu cong nghé sy gd Cam xe bing phuwong phéap siy chan khdng
V&i cac muc tiéu chinh nhu sau:
= Nghién ciru xac dinh cac thong sd nhiét vat 1y cua gd Cam xe dé 1am co
s& cho viée tinh todn va md phéng qua trinh truyén nhiét, truyén am
trong say chan khong g Cam xe.
= Xac dinh mé hinh toan cho qua trinh truyén nhiét va truyén am trong
sdy chan khong g Cim xe nham md phong dién bién qué trinh phan bd
nhiét do va am do trong vat li¢u séy tir d6 dua ra du bao vé quéa trinh
sdy.
= Kiém chirng m6 hinh 1y thuyét so véi thuc nghiém
= Xac dinh cac budc cong nghé dé xay dung ché do say chan khong gd
Cam xe phu hgp.
3. Pham vi va d6i twong nghién ciru
Nghién ctru trén may sdy chan khong hong ngoai qui mé thi nghiém
Péi tugng: G6 Cam xe (Xylia xylocarpa), gd tron c6 kich thude duong kinh
0,5 - 0,7 m, chiéu dai 3 - 7m, d6 am khoang 40 + 2%.
Hiéu qua kinh té va ky thuat 1a mot phan gidi han caa nghién cau khi tién
hanh trén mo hinh thi nghiém.
4. Phwong phap nghién ciru
Phuong phép nghién ctru chung cua luan an 1a nghién ciu ly thuyét va thuc
nghiém. Nghién ctu ly thuyét dya trén xay dung mé hinh vat ly, théng qua mé
hinh vat ly xac dinh md hinh toan, két hop phuong phép sb giai md hinh truyén
nhiét, truyén am trong qué trinh siy gé chan khdng. Nghién ciru thyc nghiém xac
dinh céac théng sb nhiét vat ly cua gé Cam xe, kiém chang mé hinh Iy thuyét va
thuc nghiém, dé xac dinh cac théng sb cong nghé siy gop phan xay dung ché do
say phl hop cho céc dang kich thudc g6 Ciam xe khac nhau trong qua trinh siy
chéan khong.
5.N0i dung nghién ctru
Pé dat duoc muc tiéu dé ra, dé tai tap trung giai quyét cac noi dung chinh

nhu sau:



Tim hiéu tong quan vé cong nghé siy gd trong va ngoai nudc, cac cong trinh
nghién ciru dd cong b, tir 6 phan tich danh gia dé xuat phuong phap say gd phu hop
véi diéu Kién san xuat tai Viét Nam.

Nghién ciu thuc nghiém xac dinh cac tinh chat nhiét vat ly caa nguyén liéu go
Cam xe.

Xay dung mé hinh vat 1y lam co s& xac dinh md hinh toan cho qué trinh truyén
nhiét, truyén am trong sdy g Cam xe bang phuong phap say chan khéng hong ngoai.

Xéc dinh va giai mé hinh toan cho qua trinh truyén nhiét, truyén am bang phwong
phap sd, nham du doan dién bién phan bd nhiét d6 va am do trong say chan khong
hong ngoai g6 Cam xe.

Nghién ctu thyc nghiém kiém chiang mé hinh Iy thuyét truyén nhiét va truyén
am, nham kiém tra tinh phd hop cua mé hinh Iy thuyét voi thuc nghiém siy chan
khéng hong ngoai g Cam xe.

Nghién ciru xac dinh céc thdng sé cong nghé say phu hop cho viéc xay dung ché
d6 siy chan khéng hong ngoai véi nhitng kich thudc nguyén lieu gé Cam xe khac
nhau.

Dé xuit cac budc cdng nghé sy phi hop trong qua trinh siy chan khong két hop
hong ngoai cho gd Cam xe.

6. Piém méi ciia ludn 4n

Xac dinh duoc cac thdng sé nhiét vat ly caa gé Cam xe: do am ban dau, d6 am
bdo hoa thé gd va céc théng sé phu thudc theo do am cua vat liéu say bao gdm: nhiét
dung riéng, khdi lwong riéng, hé sé dan nhiét theo chiéu doc va chiéu ngang thé gd.

Xay dung dugc md hinh toan hoc md ta qué trinh truyén nhiét, truyén am cua go
Ciam xe bang phuong phap siy chan khdng hdng ngoai.

Str dung phwong phap phan tir hitu han giai bai toan truyén nhiét, truyén am va
mo6 phong duoc dién bién qua trinh phan bb nhiét do, 4m d6 cua gé Cam xe trong qua
trinh sdy bang phuong phap sy chan khéng hong ngoai.

Str dung thuat toan téi uu hoa xac dinh dugc cac théng sé cong nghé say phu hop
va xay dung ché do say trén mot sé dang kich thuéc gd Cam xe khi sdy chan khdng

hong ngoai.



Chwong 1
TONG QUAN

1.1 Tong quan vé nguyén liéu g Cim xe

Tén Viét Nam: Cam xe

Tén thwong mai: Ironwood, Pyinkado

Tén khoa hoc: Xylia xylocarpa (Roxb.) Taub.

Tén dong nghia: Xylia dolabriformis Benth, X. kerrii Craib and Hutch,

Inga xylocarpa (Roxb.) DC, Mimosa xylocarpa Roxb.

Ho thwc vat: Leguminosae subfamily Mimosoideae

Tén theo quéc gia : Sokram (Campuchia); Cam-xe (Viét Nam): Irul (An
Do); Daeng (Thai Lan); Burma ironwood (My-an-mar); Deng (Lao) [82]

1.1.1 Pic diém cAy Cam xe

Cay g4 Ion, than tron c6 thé cao trén 25 m, mot vai trudng hop cao hon 40
m khi cdy moc & ving dat am va mau m&. Than thang véi nhiéu canh 16n nho.
V6 cay tir xam dén d6, vo mong va rung tirng mang nho, trong vé mau hong. L4
kép véi 3 - 7 cap 1a dbi xang. L& non ma hong dam, 14 truong thanh nhén, tron
muot mit dudi 1d mau xanh xam. Hoa mau vang nhat hinh cau. Hoa xuat hién
trén cum khdng phai nhanh gan nach 14. Dai hoa hinh phéu, c6 16ng mang, hinh
trizng nhon c6 dang ba mat véi chiéu dai 2,9 — 4 mm. Canh hoa hinh thuén hep,
nhon, truéng thanh c6 16ng mang chiéu dai tir 3,5 — 4,6 mm. Nhi hoa chira phan
hoa 5 — 12 mm chiéu dai, bau nhuy dai 2 — 2,5 mm. Qua day va map kich thuéc
10 — 15 x 5 — 6 cm va hinh manh cong va hep dan vé phia day. Qua con non mau
mau xanh muot Vé sau qua chuyén thanh mau nau sam [12], [82].

1.1.2 Méi trwong sinh trwéng va phan bé tw nhién

Xylia xylocarpa la loai cay nhiét di phan b tu nhién & Campuchia, Viét
Nam, Lao, Thai Lan va My-an-mar trai rong hudng Tay dén An Dg. Cay phat
trién trong rirng ram va ring hdn giao. Bac biét phét trién trén d6 cao 850 m voi

lwgng mua trung binh hing nam 1200 — 1700 mm [82].



Hinh 1.1. Cay — than cay Cam xe (Xylia xylocarpa)
(Cam xe gitta mua kho tai Campuchia) [62], [82]

Hinh 1.2. Qua va hat Cam xe ( Xylia xylocarpa) [62], [82]

Hinh 1.3. La cay Cam xe (Xylia xylocarpa) [62], [82]

(L& non va 14 truéng thanh vai 3 - 7 cap dbi xang nhau)



1.1.3 Pic diém vé cAu tao gd Cim xe

Ciu tao tho dai

Gd giac c6 mau vang nau, go 18i c6 mau do nau, mau do cang dam theo tudi
gd (hinh 1.4), thinh thoang trén bé mit thim mét it nhua gd hoi den. Tho gd rd
rang thiang dai, thinh thoang gon song. G& c6 giac 16i phan biét, giac mau hong
xam, 16i mau do ndu. Vong sinh truong rd rang va dut khoat, thuong rong 2 — 3

mm véi mat gé min [12], [82].

o

Hinh 1.4. G6 Cam xe (Xylia Xylocarpa)

Céu tao hién vi

Mach gd: mach don va kép ngin, it khi gap mach kép dai, c6 xu hudng tap
hop thanh nhitng hang léch. Trong mach ¢6 nhiéu chat chira mau nau do, mach
don tir 2 — 3 va kép 5 — 7 16 mach, thuong cang vé sau cang dé nhan thay, thdng
thuong khoang 7,5 — 12,5 (-20/mm?), dwong kinh 16n nhat cua éng mach don
khoang 160 - 220 pm, tim xuyén mach don, trong dng mach chtra gdm xen k&
giira cac 6ng mach véi duong kinh tir 5 - 6 pm, gdm trong tia gd ciing gidng gém
trong mach gd, su xuat hién cua gébm lam gd sim mau hon [63].

Tia gd: tia g6 nho va hep tir 1 - 2 hoic 1 - 3 hang dugc xép lién tiép, voi mot
vai tia gd khong déu nhau, chiéu cao 16n nhat tir 1250 - 2100 um thong thudng
cung mét day [63].

Nhu mé: nhu mé quanh mach véi nhiéu 16 nhé, nhu md hinh canh quanh
mach véi phan mé rong va ngan ciing c6 khi hinh canh, canh ndi tiép va dai bang

xa mach bao quanh cac éng dan gdm canh ranh giéi vong sinh truéng [63].



Soi go : soi dai tir 0,9 — 1,6 mm, trung binh 1,4 mm véi duong kinh 13 - 22
um va chiéu day vach khoang 5 um thé bit thinh thoang xuat hién [63].
Ong dan nhya: duong kinh bang khoang 1/3 duong kinh 16 mach [63].

Y hioi- 2@ (3)
Hinh 1.5. Cau ) mach

@) =
(3) Sei go dang H,1,L

g%, (2)

W - @) G
Hinh 1.6. Cau tao (1) mach go don va kép v6i 2-3 hang té bao (2) nhu md quanh
mach, (3) Tia go Cam xe (Xylia xylocarpa) [63]

100pm

,(1) g .. IS .. , (3) ~
Hinh 1.7. Cau tao (1) mat cat ngang (2) mat ti€p tuyén, (3) mat xuyén tdm go
Cam xe (Xylia xylocarpa) [63]



1.1.4 Huéng sir dung gb Cim xe

GG Cam xe rat cing va nang, ¢ phan gé 18i 16n, c6 mau sic, van dep, mat go
min. D6 bén ty nhién rat tt, d6 bén co hoc cao. Trong xay dung, cé thé dung vao
nhitng cau kién can dén do bén uén tinh cao, ding lam van san va nhiing cong
dung dic biét. Sir dung rong rai trong nganh xay dung, phat trién xo soi cho cong
nghiép gd nhan tao [34] va dic biét san xuit cac san pham noi that [12], [26].

Viéc chon nguyén liéu gd Cam xe nghién ctiru siy chan khdng dua vao 3 yéu
t6 chinh nhu sau : thir nhat cin ctr vao béo céo tinh hinh xuat nhap khau nguyén
lieu gd Cam xe [2] c6 xu hudng ting nhanh cho thay tiém ning nhu ciu sir dung
I6n, thir hai dic diém ty nhién g nhiéu dau nhua, xay nhiéu khuyét tat gd khi ap
dung cac phuong phap sdy nhiét d6 cao, th ba phu7p7ng phép say chan khong la
giai phap cdng nghé siy gop phan dé nang cao chét lugng g Cam xe, phuc vu
cho qua trinh san xuét san pham gd cung cap thi trudng tiéu ding va xuat khau.

1.2 Céc yéu t6 ciia gd anh huéng dén qua trinh siy

1.2.1 Céu tao gb - ciu tric xop

Gd ciing nhu nhiéu vat liéu am khéc c6 cau tric xop. Khoang céch giita cac
phan tir cAu tao nén khung vat chat kho Ion hon kich thuéc cua phan ti. Khong
gian giita cac phan tir goi la cac mao din hay cac 16 x6p. Poi véi cac vat ligu am
thi cac mao dan hay 156 x6p chira ddy nudc.

CAu truc khong gian cua cac mao dan hay 16 x6p rat phic tap. Tinh chat cua
n6 duoc xac dinh boi mot loat cac yéu td nhu do xdp, o tham thau, dang va kich

thude cua cac 16 x6p [4], [26].
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CAu tao gd co lién quan chat ché dén tinh chat gd va khuyét tat tu nhién,
ddng thai 1a co sé cho sy nhan biét, gia cong, ché bién va sir dung dd gd. Hiéu rd
van dé nay s& st dung ding muc dich va xac dinh ché do sy va gia cong hop ly,
qua d6 nang cao dugc hiéu suat sir dung go.

Khao sat g6 Cam xe, v& mit cu tao mach gd don va ngin, it mach kép,
trong mach nhiéu chat chta mau nau do, tia go nho va hep trong tia gd ciing chira
nhiéu gdm, phan tia gd chiém 5 + 10 % thé tich cdy. Qua ciu tao gd cho thiy hé
théng 6ng mach, tia gd 1a hai hé théng dan chéat dinh dudng, nuéc va mudi
khoang khi cay con song, sau khi chat ha hé théng nay gop phan dan thoat nudc
trong qué trinh sdy. Vi c6 chira nhiéu dau nhwa, gém, cac chat chira trong ong
mach va tia g6, diéu nay can tro qua trinh thoat nude, dic biét say nhiét do cao
anh huong dén viéc dau nhua, gébm, chat chira bi hda long di chuyén lam bit cac
dng mach va tia g, gy kho khan viéc thoat nude nén dugc ghi nhan 1a gd kho
say. B¢ giai quyét van dé nay, can mot giai phap va do6 chinh 1a say nhiét do thap
va mot trong nhitng phuwong phap say nhiét d6 thip 1a phuong phap sdy chan
khéng.

1.2.2 P 4m cia gb

Luong nuéc trong gd dugc biéu thi 1a ¢6 am cua gb. Do am la ty 1& phan
tram lugng nude ¢6 trong gd so véi khéi luong go.

Do am anh huong 16n dén tinh chat cua gb. Nudc nam trong gd c6 hai
dang: nudc mao dan (tu do) va nudc lién két.

Nudc tu do ton tai trong trong gd nam trong rudt té bao va khe ho giira céc
té bao, duoc gitr lai trong gd nhd céc luc co hoc, ham lwgng nudce tu do trong gd
thé hién qua d6 am gd. Dang nudc ndy chi anh huong dén khdi luong thé tich,
nhiét lugng chéy, kha nang tham thau dich thé vao gb

Nudc lién két (nuéc két cau) ton tai trong gd nam & gitra cac mixenxenlulo
trong vach té bao (khoang cach cac mixen :10 - 100A° trong véch té bao, chiém
khoang 1%), duoc giit lai trong gd nho céc luc co hoc va céc lién két hoa ly.
Luong nudéc lién két thay dbi s& anh huéng dén rat nhiéu tinh chat co 1y cua gb
[10, 26].
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P§ Am thing bang Wy (%)

Néu ta dat hai mau gd trong mot moi truong khong khi co do am ¢ nao do.
M6t mau gd co do 4m ban dau kha Ion va mau kia c6 do am kha nho, xap xi 0%.
Nguoi ta nhan thdy, do 4m cua mau gé udt c6 xu huéng giam dan va dé am cua
mau gd kho ting dan. Do am cua hai mau nay c6 xu hudng tiém can dan dén mot
gid tri nao d6 goi la o am thang bang Wieeq (Ngoai ra con goi do am cn bang).
Thuce té cho thiy d6 am cua hai mau gd rat kho dat gia tri can biang ma thuong
chénh léch nhau tir 1+3% xung quanh gid tri do [4], [10], [18], [26].

P) Am bao hoa thé gd - Wiersp (%6) (Piém béo hoa thé gb)

Néu dit gd twoi hoic gd udt trong mdi trudng nao d6 (mdi trudng khong
khi hay mdi truong sdy...) ¢ nhiét d6 va d6 am tuong d6i cua khong khi nudc
trong go s& thoat ra ngoai. Khi nudc tu do thoat hét, nudc lién két con bao hoa
trong gb (vach té bao), diém do goi 1a diém béo hoa thd gd va d6 am twong (ng
goi 1a do am bao hoa thé gd, ky hiéu: Wiyerse. Nguoc lai, khi gb khd trong moi
truong nao dé voi nhiét d6 va do am khdng khi nhat dinh, gd s& hat hoi nudc, khi
nudc lién két bao hoa trong vach té bao va nuéc ty do bit dau xuat hién thi diém
d6 goi 1a diém bao hoa thé gd, d6 4m tai diém nay 1a d6 4m bdo hoa thé gd. Piém
bio hoa thd gd 1a ranh gigi gitra nuéc lién két va nudc ty do, dong thoi 1a diém
c¢6 ¥ nghia rat 1on 1a ranh gigi vé sy thay doi cua tinh chat gé [4], [10], [18], [26].

1.2.3 Sw co riit va bién dang ciia g6

Gd la vat liéu khong ddng nhét, ¢6 cau tao di hudng, b cau tao theo thé.
Mbi truong khong dang huéng nén sy co rdt cia gd theo cac hudng 1a khong
giong nhau. Pic biét hién twong co rit theo phuwong xuyén tam va tiép tuyén caa
cac thd gd khac nhau rat nhiéu, mac d6 khéc biét phu thudc vao ting loai go. Ty
1 co rat theo phuong tiép tuyén va xuyén tam 12 1,5 + 2,2 lan [4], [7], [8], [26].

Sy chénh léch ndy s& anh hudng rat nhidu dén tinh chat va tng suat bén
trong go trong qua trinh say. Diéu nay s& tao nén nhiing van dé nan giai khi say
g6, tuy thuoc vao ciu tao cua tirng tim gd cu thé ma co thé 1am cho tim gd bi

bién dang khi say.
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a-Kich thudc van xuyén tam khi gé khd, b- Bién dang tong hop co rat van
trong thuc té, ¢ - Bién dang ¢ vi tri khac nhau trén tiét dién ngang
Hinh 1.9. Bién dang & céc loai van cac vi tri khac nhau tiét dién ngang cua g

1.3 Cong nghé va thiét bi siy gd bang phwong phap chian khong

Phuong phéap sdy chan khong sdy & nhiét do twong di thap 40 - 60°C, tng
véi nhiét d6 say nay &p suat siy ¢ khoang 50 - 140 mmHg vi thé s& lam giam
hién twong nat, vénh, giit dwoc mau sac san pham gb sau khi siy va rat ngan
duogc thoi gian say [13, 14].

Thiét bi siy gd chan khéng bao gom 4 cum bo phan chinh: budng say, bo
phan cap nhiét, bo ngung tu 4m, bom chan khong.

Dang buéng sdy: Hau hét cac loai may say chan khdng hién co trén thé gigi
tap trung chu yéu ¢ 2 dang: dang budng say tron va dang hinh chit nhat. Mdi loai
c6 nhimng uu nhuge diém nhu sau:

+ Dang budng say tron: wu diém Ia chiu lyc hit chan khéng tét hon nhung
khong gian chia thi bi han ché, may say dang nay thuong st dung hai phuong
phap gia nhiét 1a d6i luu va buc xa.

+ Dang hinh chit nhat thi chiju lyc hat chan khéng yéu hon dang tron
nhung khong gian budng say thi lai rong hon, phuong phap cung cap nhiét thi

cling giéng nhu budng say dang tron.
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Hinh 1.11. May say chan khong dang budng say chit nhat

Nhin chung, néu thiét ké cong suat may siy nhé hon 15m*/mé thi thuong
ngudi ta st dung dang budng tron, con tir 15m*/mé tré 1én thi ngudi ta chon dang
budng hinh chix nhat [9, 13, 16, 23].

Bé phdn cdp nhiét: day 1a bo phan hét sac quan trong trong may sy chan
khong. Trong thuc té c6 rat nhiéu phuong phap cap nhiét bao gom déi luu, buc
xa hong ngoai, ding cao tan, vi séng... Trong cac phuong phap cip nhiét néu
trén thi dong dién cao tan va vi song 1a ¢6 wu thé 16n nhat vi qua trinh truyén
nhiét khdng phu thuoc vao qui cach gé ciing nhu d6 chan khong. Tuy nhién gia
thanh ciing nhu yéu cau k¥ thuat s dung twong dbi cao. Phuong phap buc xa
cling khong phu thudc vao do chan khong, tuy nhién lai gap kho khan trong viéc
bd tri sip xép gd va thiét bi birc xa trong budng say, kha ning buc xa ty 1é nghich
véi khoang cach vai nguyén liéu va chiéu day nguyén liéu. Phuong phap cap
nhiét d6i Iuu thi rat khé khan trong méi truong chan khong [9, 13, 23].

Bé phédn ngung tu dm: c6 nhiém vy lam ngung ty lwong hoi nudc bay theo
khong khi trong qua trinh hat chan khong, dam bao do bén cho bom. Bong thoi

day 1 bo phan thu lugng nude da ngung tu trong budng siy.
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Bom chén khéng c6 nhiém vu tao ra méi truong chan khéng trong budng
say theo d6 chan khéng yéu cau [9, 13, 23].

1.4 Co ché truyén nhiét birc xa hdng ngoai

Vit liéu say 1a nguyén liéu go duoc cdu tao cha yéu bai chat hitu co va
nuéc, phd hap thu ning luong bic xa ciia nudc va cac chit hitu co 1a khac nhau.
O mdi buéc séng, chat hitu co trd thanh vat trong sudt - khong hap thu ning
lwong buc xa hdng ngoai; tuy nhién nuéc trong vat liéu sé trg thanh vat den hap
thu nang lwong burc xa t6i da. Do d6, khi chiéu buc xa hdng ngoai c6 budc séng
nam trong khoang 0,76 — 1000 pum 1én vat liéu, cac O - H caa nudc hap thu ning
luong bic xa va bat dau rung dong véi tan sb cua bic xa nhiét chiéu toi. Viéc
chuyén d6i bic xa nhiét sang nang luong s& l1am cho vat liéu trong nudc bbc hoi.

Hinh 1.12 m6 ta co ché truyén nhiét va truyén am caa QTS buc xa hong
ngoai, dong nhiét s& truyén tir ngoai bé mat VLS vao tm VLS. Khi cac 16p bén
trong VLS nhan nhiét va néng Ién, s& hinh thanh dong am di chuyén tir tam VLS

rangodi be mat vat liéu [191.  pyc xa nhiet hdng ngoai

f ¥ 1
il i T.
vy i I

Hinh 1.12. Chiéu dong nhiét va dong am khi sdy birc xa hong ngoai

Ngudn birc xa hdng ngoai san sinh ra cac tia hdng ngoai chiéu téi vat lidu
am trong budng siy. Do d6 khi nhan dugc ngudn ning lugng birc xa ma dén
hdng ngoai chiéu t6i, thi ndi ning cta nudc trong vat liéu am sé& tang 1én nhanh
chéng, vi thé ma st gitta cac phan tir nude sé ting 1én din dén nhiét d6 ctia nudc
tang 1én dan téi nhiét do soi, cat dut cac lién két giira cac phan tir nuwéc v6i phan
tr nudc, gitta cac phan tr nude voi cac cu trac hitu co. Két qua nudce s& chuyén
pha tir trang thai 1ong sang trang thai hoi va bdc hoi theo chiéu ly tim bén trong
vat liéu 4m ra ngoai méi trudng siy.

Trén thyc té, viéc diéu chinh ning luong birc xa cia tia hong ngoai vé t6i

budc song ma nudc ty do trong vat licu Am hép thu cuc dai la hoan toan thuc
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hién duoc, vi mbi quan h¢ gitra budc song va nhiét do cua bong den héng ngoai
13: Amax = 2886/T. Cu thé tir cong thirc nay c6 thé chi dong diéu khién nhiét do
bong dén c6 thé thu duoc bude séng phit hop, bude song phi hop vao khoang 2,5
— 3,5 um, va day ciing chinh 1 khoang cach budc séng ma nudc hip thu cuc dai
[19, 39].

Ngoai ra, kha ning 1am bay hoi nudc bang budc song thi nhiét do ciing
dong vai tro quan trong vao qué trinh 1am khé vat liéu 4m, do tinh chit nhiét ma
tia hong ngoai sinh ra. Vay c6 hai tic nhan chinh dé lam kho vat lidu am d6 la:
cudng do birc xa tir budc soéng cua tia hong ngoai va nhiét 46 do tia hong ngoai
phat ra. Va day ciing chinh 13 dic diém quan trong lam ting toc do qué trinh siy
tir 46 lam giam dang ké thoi gian sy, gop phan ting hiéu qua cia qua trinh siy
[19, 39].

1.5 Nhiing két qua nghién ctru siy gb trong va ngoai nuéc bang phwong
phép chan khéng

1.5.1 Nhirng két qua nghién ctru sy gb ngoai nuéc bing phwong phap

chén khong

Hinh 1.13. May say chan khong dau tién duoc thiét ké do nha khoa hoc
Vincenzo Pagnozzi (1965)

Niam 1965 Vincenzo Pagnozzi 1a nha khoa hoc nguoi Italia, dugc biét dén
1a nguoi dau tién thiét ké co ban cho may say chan khong va dugc cap bang sang
ché vé may siy chan khong (hinh 1.13). Phuong phép siy dua trén khéai niém
chung cua sy chan khdng véi toc do cao, gia nhiét bang dan nhiét théng qua noi

hoi cung cap lién tuc cho bang nhiét tiép xuc truc tiép voi gd dé 1am nong [33].
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Niam 1971 Bror Hager duoc cip bang sang ché qui trinh Royal, day 1a mot
qua trinh sdy va xir Iy gd sir dung nhiét 6 sdi cua dau dudi diéu kién chan
khong. Phuong phap nay 1a mé hinh rat thanh céng cua say gd trong dau s6i duoc
rng dung cho gd c6 do am cao (gd udt). Trong gd wdt thdng qua té bao va cac
dng mach duoc xu ly véi dau dat diém s6i & nhiét do cao 150 - 400°C. Déau duoc
gia nhiét tir 60 - 90°C, cuing thoi diém d6 ap suét chan khong 1a 0,03 - 0,16 bar
(Powell, 2003). Khi &p suét giam, do chan khdng giam va ha diém s6i cia nuéc
trong gd lam cho chiing bdc hoi. Két qua nghién cau cho thay thoi gian say tir 4 -
6 gio d6i vGi gb ¢b qui cach day 25 mm va 6 - 8 gio ddi vai gb co qui cach day
50 mm. Phuwong phap nay c6 su twong dong voi mot phuong phap duoc phat
trién & Dirc dudi tén goi 1a xtr ly nhiét ddu (OHT™) sir dung dau thuc vat chua
tinh luyén dé xur 1y. Tuy nhién, diém khéc biét 1a OHT sir dung dau thuc vat gia
nhiét v6i nhiét do cao tir 180 - 220°C da gay ra nhitng thay ddi thanh phan hoéa
hoc trong gd, chinh yéu té nay lam phuong phap OHT khéng duoc ting dung pho
bién trong sy gd [33].

Thoi ky dau thap nién 80 say chan khéng theo chu ky phét trién ¢ Nga,
phuong phap nay duoc wng dung trong cdng nghiép quan su phuc tap dé sy
nhitng chat véi nhiét do khéng 6n dinh. Sau nay, cong nghé nay nhan duoc su
phét trién rong khap khi hop tac cing Han Quéc va Siberia. Trong qué trinh
nghién cuau va ung dung phuong phap nay khong nhirng st dung trong céng
nghiép thuc pham ma con cho cong nghiép sy gd [33].

S4y nén ép chan khdng, dua trén sang ché cua nha khoa hoc Haygreen vao
cubi 1986, phuong phap nay 1a sy dich chuyén nuéc trong gd bang phuong phap
co hoc trong suét qua trinh nén ép. Phuong phap nay duoc phat trién nhiéu trong
cac nghién ctru cua nha khoa hoc Ressel [88], Lee, Hayashi, Jung, [73], Sachin
Gupta, Kishan Kumar [89]. Tuy nhién, phuong phap nay doi hoi hé thong thiét bi
phtic tap véi cdng nghé nén ép truc tiép didu nay anh huong dén trat tu, cau tric
van thg gd sau khi xir 1y, nhung mang lai wu diém gia ting tinh chét co hoc cua
g6 sau khi xir 1y. Biéu nay c6 ¥ nghia rat 16n trong gidp cai thién tinh chat co hoc
nhitng loai gb ring trong moc nhanh sau khi say nén ép gd chan khong [33, 73,
88].
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Vao cudi thé ky 20 va dau thé ky 21, trong linh vuc siy chiém wu thé 1a
khuynh huéng két hop. Hai nguyén 1y khac nhau duoc két hop trong cing qui
trinh vi thé mang lai wvu diém cao nhat va han ché téi da khuyét diém cua mdi
phuong phap day chinh 1 diém riéng dac biét. Pho bién nhat 1a phuong phap
“lai” 1a két qua su két hop gia nhiét vi séng, hong ngoai hoic séng tan s, song
siéu am véi sy chan khong cua céc tac gia: Ahmet Kaya [27], Altun, Yapici,
Korkmaz [28], Avramidis, Koumoutsakos, Hatzikiriakos [31], Fang, John,
Ruddick, Avramidis [47], Guler, Dilek [50], He, Yang, Yi, Gao [52], Lee, Li
[74], Ressel [88], Xian Jun Li, Bi Guang Zhang, Wen Jun Li [107], Xianran Jia,
Jingyao Zhao, Yingchun Cai [108], Zhenbin He, Fe Yang, Yiqing Peng, Songlin
Yi[112], Zhengbin He, Yu Zhang, Zhenyu Wang, Zijian Zhao, Songlin Yi [115].

Trong cudi hai thap ky cua thé ky 20, theo xu huéng phét trién thi truong
trong linh vuc sidy gd va nhitng yéu cau cua gd cho muc dich xay dung. Cac
phuong phap say nhiét do cao nhu hoi qua nhiét, song cao tan véi nhiét do say tir
160 - 245°C, khi thay ddi nhiét do sy dan dén sy thay ddi tinh chét hda hoc cua
g6. Két qua 1am thay doi cau truc gd bao gom lam giam tinh chat co hoc cua
hemicelluloses va lignin. Vi vay xu huéng nay dan han ché ang dung trong cong
nghiép say gd [33].

Vao thap nién 1950 va 1960 ung dung két hop vi song va chan khong thap
dat tdc do siy cao di cho thdy duoc tiém ning cua cdng nghé, nhung tai cling
thoi diém d6 phat sinh van dé vé su phan b cia tir truong va qui trinh diéu khién
khi say khi nhiing tim van nguyén liéu duoc xép thanh tirng khéi quéa day anh
huong quéa trinh thoat am cua vat ligu say [33].

Nam 1997 Zhangjing Chen di nghién ctu vé dong luc co ban trong quéa
trinh sdy gd chan khong, tac gia danh gia hiéu qua téc do say cho 4 dang kich
thugc gd sdy theo chiéu day va 3 dang kich thudc theo chiéu dai. Trong chu ky
sdy véi nhiét do 60°C va ap suit la 18 mmHg trong thoi gian 140 phit. Két qua
cho thay téc d6 say khong anh hudng boi chiéu day ma bi anh huang boi chiéu
dai va chu ky say duoc chia thanh 2 phan: chu ky siy nhanh va chu ky siy cham
xay ra ké tiép cho dén khi ap suat bén trong g dat gia tri bang ap suat xung
quanh (hinh 1.14) [35].
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e R, - 1
Hinh 1.14. Hé thong sdy g chan khong ciia Zhangjing Chen [38]

Nam 1997 Lin Zhang, Stavros Avramidis, Savvas G. Hatzikiriakos da
nghién ctru dac diém cua dong am di chuyén trong say chan khong song tan sé
theo chiéu day thanh gd. Sir dung hai loai go 14 kim 1a Tuyét Tung (Cedar) va
Poc Can (Hemlock) cho thi nghiém dé kiém tra sy di chuyén caa dong am trong
thanh g4. Su phan b6 am theo chiéu doc va phuong ngang da duoc xéac dinh theo
thoi gian va sé luong di chuyén. Két qua cho thay rang, ca phuong doc va
phuong ngang am di chuyén phan phdi theo cau triic 6ng dan mach va tia gd,
dong am di chuyén trong gd theo phuong doc chiém wu thé nhung khong c6 su
khac biét I6n gitra phan trim lugng am di chuyén trong gd trén ca hai phuong.
Dang thoi, khi quan sat lién tuc khdng c6 su thay d6i dong 4m dot ngot trong qué
trinh say. Pdi véi gd Poc Can (Hemlock) dugc nghién ciu anh huong cuaa Kich
thude chiéu dai véi dic diém caa qui trinh siy nhu 1a: toc d6 sy, ap suat hoi bén
trong gd, nhiét do say. Két qua cho thay gd kich thudc ngan siy nhanh hon gd
kich thudc dai c6 cung d6 am khi ¢ trén diém bao hoa thd gd [75].

Nam 2000 Maurice Defo, Alain Cloutier va Yves Fortin da nghién ctru mo
hinh sdy gd chan khdng gia nhiét tiép xic dya trén phuong phap thé ning cua
nuéc (kha ning ctia nuée). Nghién ciu di dwa ra mo hinh toan hai chiéu (2D) md
ta qua trinh sdy gd chan khong tiép xtc phan giac gd Maple (Thich). Két qua md
ta cac thdng s cong nghé: méi quan hé do am va qué trinh thoat 4m, hiéu qua sy
truyén am, ty 1& di chuyén cua hoi nuéc va qua trinh truyén nhiét, hiéu qua
khuéch tan cua hoi trong gd, tinh thim hdt cua khi va méi quan hé tinh tham hut.
[41].


http://www.springerlink.com/content/?Author=Lin+Zhang
http://www.springerlink.com/content/?Author=Stavros+Avramidis
http://www.springerlink.com/content/?Author=Savvas+G.+Hatzikiriakos
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Trong nam 2000 Jung, J Lee, N Lee da nghién ctru sdy chan khong gia nhiét
bang nhiét nén ép trén kich thude chiéu day cua gd Thong. Két qua nghién cau
cho thay su bién thién nhiét ¢ cua gd theo phuong chiéu day va ¢ tim g nhiét
d6 hau nhu 6n dinh khi dat nhiét d6 sdy trong qua trinh siy. Thai gian say gd tuoi
dén do am cudi cing 15% méat 4 ngay cho gd Théng tring, 5 ngay ddi véi gd
Thong do va gd Boc Can, 6 ngay cho gd Thong rung la. Két qua cho thay toc do
sdy cua gd Thong do thi cao hon gd DPoc Can, thiap hon gb Thong tring va tuong
duong gd Thong rung 14, khi so sanh cuing mot chiéu dai thanh gd say. Bén canh
d6, bién thién do am theo phuong ngang va phuong doc thi nho ddi véi gd Poc
Can, Thong do va 1on ddi véi gb Théng trang va Thong rung 1a. Gb sau siy véi
chat luong kha tot, nit mat khong dang ké va nut trong khong co, co rat theo
chiéu day Ion hon theo chiéu rong [59].

Niam 2001 Avramidis, Koumoutsakos, Hatzikiriakos nghién ciru sy két hop
ing dung s6ng tan s6 va chan khong ap suat thap dat két qua sy tot hon va rat
ngin thoi gian. Tiép do, cac nha khoa hoc dd nghién ciru sy vi song dua trén y
nghia cua day song Perre, Mosnier, Turner [84, 86]. Tuy nhién, bai vi kich thudc
nguyén liéu va chung loai nguyén liéu c6 rat nhiéu dang vi thé khi &p dung doi
hoi phai phu hop véi ting kich thuéc cho ting loai gé [31].

Nam 2003 Assouad va Jomaa da nghién ciru mo ta ché do siy chan khong
theo chu ky (khdng lién tuc) cho gd S6i. Nguyén Iy say chan khong theo chu ky
la chudi cac giai doan gia nhiét va rdt chan khong xen k& nhau. Ning luong cung
cap cho gd la truyén nhiét dbi luu trong sudt giai doan nhiét va bay hoi trong giai
doan bom hat chan khéng. Trong qué trinh say, ¢ hai cach thuc truyén am giira
96 va mdi truong: giai doan dau goi 1a chu dong khi bom chan khong hoat dong,
giai doan sau goi la bi dong khi bom chan khong ding. Két qua nghién cau 1a mo
phong qua trinh truyén nhiét va truyén am gian doan trong say chan khong g Soi
va thé hién su twong dong véi mo hinh duoc dé xuat boi Jomaa va Baixeras
(1997) trong qué trinh say gd chan khong [30].

Nam 2004 Ian Turner va Patrick Perre da nghién citu md hinh mé ta dong
lyc quéa trinh say, truyén nhiét va am tng dung két hop chan khéng va bic xa

nhiét cho gd. Nghién ciru duoc thuc hién trén gd giac va go 16i cua go Dé Gai,
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Linh Sam va Van Sam. Két qua nghién ciu cho thay sy khac biét khong qua 16n
gitra gb giac va gd 16i Dé Gai, nhung gb giac cia loai nay kho nhanh hon, véi
nhiét d6 cao gan v6i nhiét do s6i va hoa hoi ctia nude trong o, hai loai gd Linh
Sam va Van Sam gidng nhau cho phan gd gidc va gb 16i nhiét d6 sy va ap suat
gidng nhau. Théng qua nghién ciru céc tac gia ghi nhan diém dac biét vé &p suét
la khi nhiét 6 thanh gd ting trén diém s6i caa nudc thi &p suat bat dau ting theo,
4p suat nay s& bién mat khi d6 4m bén trong thanh dat d6 am thing bang [102,
103, 104].

Nam 2005 Thitinan Sattho va Ram Yamsaengsung [92] da nghién ctu sy
chan khdng gd Cao su trén may siy chan khong véi kich thude duong kinh 0,5 m
va chiéu dai 1,2 m hinh try dai (hinh 1.15). Thuc nghiém trén gd Cao su kich
thude 1000 x 25,4 x 76,2 mm, duoc dit trong budng say ap suat 190 - 210 mmHg
va nhiét do 60, 70 va 80°C. Hoi nuée qua nhiét & 110°C duoc bom vao budng
sdy lién tuc dé lam giam su tich tu Gng suat va loai bo sy nut v&, Sau 24 gio say,
d6 am cua go tir 80% vé 12%. Két qua cho thay gd say khong c6 sy thay d6i mau
sac, khong ton tai ung suat du théng qua kiém tra Prong Test. Cong nghé say
chan khdng két hop hoi qua nhiét thé hién hiéu qua cao vé mat kinh té va ning
lugng, chi phi hoat dong tiét kiém, giam xudng dudi 20 gid so v6i phuong phap
say ddi luu bang khi ndng trong khoang thoi gian 7 ngay. Go dugc kiém tra cac
tinh chat co hoc cho thiy nhimng cai thién dang ké vé do nén song song véi tho,
nén vudng goc voi thé, cat song song voi thé, dd cing & moi nhiét do siy 60, 70
va 80°C. Siy & nhiét d6 70°C va phun hoi qua nhiét gian doan d3 mang lai cac

dic tinh co hoc tot nhat va thoi gian siy rat tot.




21

Hinh 1.15. May say g chan khong thuc nghiém cia Thitinan Sattho va Ram
Yamsaengsung [92]

'
[

Hinh 1.16. So d6 sdy gb chan khong vi song [107].

(1) Buong sdy chan khong (2) 16 vi séng (3) mau go (4) khay (5) diéu chinh thoi gian (6) diéu chinh
cong suat (7) Cam bién am (8) Cam bién nhiér (9) diéu chinh ap sudr (10) bom chdn khéng (11) dong ho
ap suat (12) diéu khién thoi gian (13) mano (14) may tang thé (15) bg kiém tra khéi heong (16) bg kiem
tra nhiér d¢ (17) May tinh (18) nguon nhiét (19) Van khi

Nam 2008 Xian Jun Li, Bi Guang Zhang va Wen Jun Li [107] di nghién
ctru thyc nghiém mé hinh, thi nghiém véi so do hé thong say chan khong vi séng
cho gd. Phan chinh may siy bao gom hé thdng chan khéng, bo do khdi lugng
truc tiép, do nhiét d6 nhiéu vi tri, gia nhiét vi song tiéu chuan vai cong suat
800W - 2450W, bo ghi nhan dit liéu (hinh 1.16).

Cac mau thi nghiém gd Théng Masson kich thuéc 100 x 100 x 40 mm, khi
lwgng thé tich co ban 1a 0,441g/cm?® va d6 4m ban ddu 50%, sau d6 duoc bit kin 4
mat biang keo va 1a nhém dé chic chin rang nhiét va am dich chuyén theo
phuong doc caa gd. Sau d6, miu duge dat trén cam bién khi lugng trong budng
sdy vi s6ng, chan khdng duy tri tai 0,06 Mpa tao &p suét tuyét dbi thong qua bom
chan khéng. Mau gb dugc gia nhiét trong budng say chan khéng vi séng véi
cuong d6 vi song 115 kW/m?. Dua trén co ché truyén 4m va nhiét trong gd khi
say chan khéng vi song, md hinh toan hoc da mé ta qui trinh say gd chan khang
vi song dugc thiét 1ap va thuc hién bai thuc nghiém trong nghién ciu. Két qua la
qui trinh siy gd chan khong vi séng véi 3 giai doan: 1) giai doan say lam ndng tir
tir vGi the do khoi dong ngan, 2) giai doan téc do say va nhiét d6 sy khong doi

trong khoang dai, 3) giai doan gia nhiét véi toc do siy giam. Nguoc lai véi siy
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d6i luu, tong qui trinh sy duoc khdng ché baoi giai doan toc do siy khong doi
trong say g chan khong vi séng chi xuat hién trong pham vi d6 4m dué6i diém
bo hoa thd g6. Mo hinh duoc ching minh 1a phi hop véi két qua thuc nghiém
cho nhiét @6 va do am cua gd trong sudt qué trinh sy chan khéng vi song, dé cai
tién sy m6 phong chinh xéac caa md hinh, cac théng sé lién quan trong md hinh
c6 thé diéu chinh trong diéu kién siy, do 4m ban dau va cudng d6 vi song [112].

Nam 2010 Vongpradubchai va Rattanadecho [105] d3 nghién ctu Sdy Vi
séng va khéng khi néng cho gd, céc tac gia sir dung budng sy vi séng hinh chit
nhat (TE;, mode) dé nghién ctu thuc nghiém. Thiét bi thuc nghiém cho nghién
ctru bao gdm hé thong vi séng 13 song don sic cua TE;q hoat dong vai cong suat
2,45GHz. Vi séng duoc phat ra boi manhétron va dugc truyén doc theo phuong z
cua 10 vi song hinh chir nhat véi kich thudc bén trong la 109,2 mm x 54,61 mm?
hé thong dan nudc riéng biét cudi 10 sdy vi séng. COong suat vi song dua vao co
thé diéu chinh trong khoang 0 - 1500W. Két qua cho thay su khac nhau cua thoi
gian buc xa, cuong d6 vi song, nhiét do khdng khi néng, chiéu day mau gitr vai
tro quan trong dén toan bo dong luc hoc trong qua trinh sdy. Thém vao do, cac
tac gia khang dinh gia tri dinh lwong cua dit liéu thuc nghiém rat c6 ich va dic
biét 12 cung cap thong tin trong viéc phat trién qui trinh siy vi séng.

Nam 2013 Zhengbin He, Fei Yang, Yiqing Peng, Songlin Yi [112] da
nghién ctru sdy gé chan khong két hop séng siéu 4m, ning lugng siéu 4m dugc Sir
dung trong qué trinh siy gd chan khéng duéi nhiét 46 60°C, &p suit tuyét ddi
0,05 Mpa hoic 0,08 Mpa (hinh 1.17). Nang luong siéu &m va tan sé tuong ung 1a
100W va 28 kHz. Két qua cho thay hiéu qua dén khuyéch tan nuéc trong mau goé
sdy bai song siéu am tac dong say chan khong tai 0,05MPa hoic 0,08 MPa thi
cao hon miu say khong c6 song siéu am tac dong. Toc do say chan khdng song
siéu 4m nhanh hon sdy chan khéng vai cac hinh thuc gia nhiét khac, dic biét cho
96 c6 d6 4m trén diém bdo hoa thé gd. Sy tai 4p suat tuyét déi 0,05 Mpa thi téc
d6 dién ra nhanh hon tai 0,08,Mpa. S6ng siéu am hd trg say mang lai nhiéu loi
ich khi di chuyén nudc tu do trong thoi gian ngan. Phuong phéap sdy chan khéng

s6ng siéu am cd thé ap dung trong céng nghiép siy gd mang lai tiét kiém ning
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lwong va giam khuyét tat gd sdy, tuy nhién yéu cau vé mat dau tu thiét bi cong

nghé cho dé phurong phap nay phat huy hiéu qua.

béng hd Cam bién May phat song )
&o suat khdi lwona siéu am Van khi

O s [ s

Truyén song
siéu am

Nudc

neung tu
@ Quat
R PO PRy | Q
—{ ] B cap nhiét Ll:lﬁ Bom chan

X . - ~ khéna
bieu khién nhiét do bicu khlén
ao suat

Hinh 1.17. So d6 may say chan khong song siéu am thi nghiém [112]

Nam 2015 Honghai Liu, Lin Yang, Wei Xu, Zhihui Wu, Kazuo Hayashi,
Qiongtao Huang da nghién ctru dd am thing bang dudi diéu kién say gd chan
khong duoc thuc hién trén 3 loai gd : Russian larch (Larix gmelinii), Hinoki
(Chamaecyparis obtusa), Sugi (Cryptomeria japonica) véi kich thudc 1a 5 x 30 x
30 mm. Két qua nghién ciu cho thay d6 am cua g giam khi nhiét do giam khi do
am moi truong (RH) khong ddi, va ting khi RH tang tai nhiét do khong doi. Ap
suat anh huong dén d6 4m thiang bang (EMC) cia gd nhung sy tac dong nay
khong rd rang khi RH pham vi cao va thap. Su khac biét khi EMC tir 0,1-0,4%
khi &p suat cao va EMC tir 1,2-1,9% khi &p suat thap [54].

Nam 2016 Zhenyu Wang, Zijian Zhao, Songlin Yi, Zhengbin He, Yu Zhang
[115] da nghién ciu rat ngan thoi gian sy bang xir 1y truéc siy bang séng siéu
am. Nghién cau thyc hién trén gd Bach Duong (Polar) bang phwong phap dung
s6ng siéu am xu 1y gd véi cuong do 1a 10 W/em?, tin sb tir 28 — 40 kHz véi thoi
gian tuong ng 30, 60 va 90 phut. Sau khi gb dugc xir ly, chuyén sang say chan
khong vai nhiét ¢o 40°C va &p suit 1a 0,08 MPa. Két qua nghién ciru cho thdy g

dugc xir Iy séng siéu am trudc s& rat ngan thoi gian say va lam théng thoang
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kénh dan nudc va chat chiét tir trong g ra ngoai gép phan lam giam khuyét tat
va nang cao chat luong gd khi siy.

Nam 2020 Guler va Dilek [50] nghién ctu siy chan khong két hop song cao
tan cho gd Oak (S6i) va gd Walnut (Oc Ché), nghién ctru xac dinh méi quan hé
qua trinh siy chan khong cao tan anh huong véi dic tinh gd co 1y cua gd Sdi véi
d6 bén udn giam 20%, gd Oc Ché giam 17%, mot sé khuyét tat cong vénh, nut
tét xay ra trén bé mat gd, Iy giai viéc nay l1a do ap dung ché d6 siy véi nhiét do
cao, thoat nuéc nhanh, anh huang cac soi gd, 1am bién dang cac xo soi, diéu nay
1am thay d6i va giam tinh chat co hoc g Soi va Oc Cho.

Nam 2021 Scott Lyon, Scott Bowe, Michael Wiemann, [93] nghién ctru so
sanh mau siac gd Maple (gd Thich) sau khi say chan khdng bang nhiét tiép xuc va
say d6i luu bang hoi nudc két qua cho thdy khong co sy khac biét truc quan vé
mau sic gitra hai phuong phap siy, thoi gian siy chan khong nhanh gip 5 1an so
v6i sdy d6i luu bang hoi nudc. Ngoai ra, mau sic gd Thich sau khi sdy chan
khong sang dep hon sdy d6i luu bang hoi nudc, didu nay mang lai hiéu qua tich
cuc trong viéc sir dung g sau sdy trong san xuat san pham gd trong cong nghiép
trang tri noi that.

Say chan khong 1a mot trong nhitng k¥ thuat manh nhat dugc Gng dung
trong linh vuc say. Thuc vay, ha thap ap suat I1a yéu t6 quyét dinh: sy di chuyén
ciia nudc trong nguyén lidu dudi &p suat 60 mmHg nhanh gap 5 lan ¢ &p suat
760mmHg. Pay 1a dic tinh co ban nhat dugc st dung trong qui trinh siy chan
khong. Diéu nay rat can thiét va duoc chl y khi ap suat chan khong dé dat nhiét
d6 sbi cia nude lam tang luong boc hoi trén bé mat dan dén nhiét do cua gd tang
I&n, sy bay hoi manh liét bé& mat ngodi s& nhanh gép phan lam ting toc do say.
Mt khéc, né ciing rat can trong viéc truyén niang luong tir gd bu vao luong nhiét
mat di do bay hoi. Truyén nhiét dudi 4p suat thap rat kho xay ra, do d6 dé giai
quyét can phai ding rat chan khéng voi khoang thoi gian hop Iy va gia nhiét
trong diéu kién ap suat thuong (ap suat khi quyén) hoic st dung gia nhiét bang
buc xa, song dién tir, vi song hay song siéu am [35].

Uu diém Ién nhat siy chan khong 1a rat ngan thoi gian say va nang cao chat

luong san pham khi dat trong so sanh véi cac hoat dong siy déi luu (Ressel
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1994). Thuc té, viéc ha &p suat 1a ha diém sdi cua nudc, diéu nay rat quan trong
tao dong luc ddy am tir bén trong ra ngoai bé mit gd trong suét qué trinh siy. Boi
véi nhiing loai gd khd sdy & nhiét o cao, sy chan khéng 1a lya chon tt nhat
khéng anh huong tinh chat co hoc cua gd tranh mop méo va bién mau, céc
khuyét tat nut tét, cong vénh. Vi nhiing loi ich trén, viéc nghién ciu trong linh
vuc ndy ngdy cang duoc nhidu nudc trén thé gidi quan tim. Pac biét 1a nhiing
loai g& ciring rat kho dat chét luong cao khi sdy theo phuong phap théng thuong
nhu gd Soi tring, g6 Bach dan Uc [35].

1.5.2 Nhirng két qua nghién ciru 1y thuyét vé mo hinh truyén nhiét va
thoat am trong siy gé chan khong

Nam 2003 theo nghién ciru ciia Assouad va Jomaa qui trinh say chan khong
cua nguyén lidu xop nhu gd duoc xuat hién nhiéu gan day. Tir nghién cau qua
trinh siy chan khong cua gé Soi trong pham vi budng say thi nghiém (hinh 1.18).
Pay 1a gb rat phuc tap bai vi tinh chat co rat it su tuong dong cac loai gd khac
chinh vi vay gd Soi duoc chon sdy thuc nghiém. Vé cau trac hién vi thi khéng
dong nhat, gd bao gom céc dang té bao khac nhau nhu: mach gd, soi gd, té bao
m6 mém ngoai ra con c6 dng dan dau nhya, tinh thé, thé bit...Vé ciu tao tho dai,
g6 Soi la nguyén liéu ving on d6i vi vay no thé hién nhiing dic diém cac vong
nam, gd sém gd muon, su khac biét giita gd giac va gd 18i va co thé c6 nhiing

mau mat do trong qua trinh phét trién tu nhién [30].
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Hinh 1.18. M6 hinh siy chin khong theo chu ky ctia Assouad va Jomaa (2003)
[30]

Két qua mo hinh siy thé hién su khac nhau rat it véi mé hinh dwgc dé xuat
boi Jomaa [30] (bang 1.1). Sy khac nhau nay thé hién chi tiét khi mé ta am di
chuyén trong giai doan bi dong khi sdy chan khong (lac bom chan khong ngung
hoat dong). Bong thai nghién ctu thé hién md hinh thoat 4m vai ché do sy trén
duoc thiét 1ap cho &p suat thap trén bé mat gd bang &p suat trong budng sy sudt
qua trinh hat chan khong. Dong khuéch tan am dugc mé ta va duoc phan tich
don gian bang giai phap sé twong dong vai mé hinh ly thuyét. Bac biét ché do
say go chan khong duoc thiét lap trén co s¢ say truyén théng véi cac thong so

cdng nghé dugc diéu chinh hop Iy va mang lai hiéu qua say nhat dinh.

Bang 1.1. M6 hinh m6 ta qua trinh truyén nhiét va thoat 4m trong say gb chan

khong theo chu ky
Tén mé hinh M6 hinh toan Téc gia
tham khao
Cén bang dT E A q
ang 1 o = ; c v va enc ~ enc C v
ning lugng at V(pCV )g ( p )T VCy, ( P, — )

A.Assouad

" C]s/ﬂ-renc Ll_ (pcp)g j_ qleak Tem; {1_ (pCp)atmg ]_'_ (Qwall + Q) W_Jomaa

l I'OIlg dO

(pCV)g = paenccva + pvenccvv
(mp )g = paenccpenc + pVenCCpV

Can bang d - A A.Assouad
chét cho hoi f;vtenc - _ pven\c/qcond + Py qlLak + ZD(pVSUn‘d—pVEHC)\T W.Jomaa
ave (2003)
(1.2) [30]
Can bang d A.Assouad
chat cho Paenc — _paenc + Dot qleak W.Jomaa
khang khi kho dt % v (2003)
(1.3) [30]

Chu thich bang 1.1 :

CQpump téc dé bom chéan khong; qea biéu hién toc dé dong that thoat ra ngoal Jcond téc do
dong twong ung Sw ngung tu hoi trén vach cua tong di¢n tich bé mat may say ; Quan 12 nhiét
trao doi trén mgt don vi thoi glan qua véch ciia may sdy va khong khi dm; S, tong dién tich bé
mgt vach; A: tong bé mét trao doi (m?) ; C: su tdp trung hoi meoc (9.97); c, - Sw tap trung trén

vach 10 say (9.97); c,,c,: nhiét dung riéng (J/kg.K) ; d,: khodng céch trung binh giza bé

mat go va vach 10 say (m);p : hé so khuéch tan (m?/s) tinh toan theo (Sacadura, 1978);F,
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dong hoi (kg/m?.s); J: dong khuéch tan (kg/m?.s);P: ap suat (Pa); q: toc dé dong (m*/s); Q:
dong nhiéz trao doi (W/m?); S: bé mat (m?);T: nhiéz do (°C); t,, : thoi gian gia nhiét (s)

Niam 2006 Nencho Deliiski [42] nghién cttu qua trinh thoat am trong siy
chan khong d6i luu trén gd Beech, nghién ctiu dya trén hé thong cong thuc cua
Luikov and Mihaylov vé mé hinh siy da duoc phat trién va giai quyét bang su
tinh toan cua phan bd nhiét do, do am va ap suét trong gd Beech dudi diéu kién
say chan khong d6i luu (bang 1.2). M hinh toan thé hién sy anh huéng caa hé sb
dich chuyén phan ti va phuong huéng cua dong hoi nudc dén sgi gd trong diéu
kién phan bd &p suat trong nguyén liéu gd trong qué trinh say chan khong doi
Iru. M6 hinh toan mé ta co ché di chuyén cua nhiét va chat cing luc véi ving soi
va vling chua s6i trong nguyén liéu khi siy chan khong d6i luu. Vi su hd tro caa
m6 hinh xac dinh sy tac dong anh huong caa hé s6 di chuyén phan tir da duoc thé
hién theo chiéu huéng hoi khong khi am dén soi g trong viéc phan b &p suat
trén nguyén liéu gd Beech trong suét qua trinh siy chan khong ddi luu. Sy phét
trién cia md hinh va thuat toan ciia chuong trinh phan mém thé hién médi quan hé
su anh huong nhiét va chat trong qui trinh di chuyén trong gd (su tham, sy bién
thién....) tai ap sut thap hon ap suat khi quyén khi siy chan khong doi luu.

Bang 1.2. M6 hinh mé ta ap suét, qua trinh truyén nhiét va thoat Am va trong qua

trinh sy gd chan khong dbi luu

Tén md M6 hinh toan Tac gia
hinh tham khao
) oT A 0T 4 0T a ou Nencho
I;‘.’}f” 3 o oo T e Deliiski (2006)
i¢ T Cp, OX° Cp, Oy° C. Or (1.4)[42]
2 2 2 2
Truyén am Y [.8U+D|.8U+DI.5.8—T+D|.58—T
az. g aXZ 9 ayz g aXZ g ayZ Nencho
Deliiski (2006)
/lpva| 82 P ﬂ’pva| 82 P (15)[42]
+ —— t "
Py OX Py Oy
— P Apa o°P Apval P T oT & oU Nencho
Ap suat — = —— T = Deliiski (2006)
ot vaa'po OX vaa'po ay P or vaa ot (1.6)[42]
biéu kién —
ban dau T(X' y,O) To (10) Nencho
U(x,y,0)=U, @1) Deliiski (2006)

P(x,y,0)=P, (12) (1.0t42]
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Picu  kign a'(Tm _Ts)_ ﬂ’(VT )s - (l_ g).r.au Lo (Us - Ume) =0

bién Nencho
ay-po U, —U, )+ D.pe(VU), + D.po.8(VT), + A,,.(VP), =0 Deliiski (2006)
Ps — Pm (1.8)[42]

Chu thich bang 1.2:

¢: nhiét dung riéng cua go (J/kg.K); Us: dm dé bé mat go (kglkg); & : hé sé truyén nhiét (W/m?K) ;a; : hé
so truyén chdt (m/s) ; & : hé sé bién thién nhiét ciia gé (1/K); & : hé sé chuyén pha (ty sé giiza sw khuéch
tan hoi va tong sw di chuyén am: & =0 +1); n,: @6 nhét dong luc hoc caa khi di chuyén trong gé

(Pa.s); @ : d am cia hon hop khi hoi trong g6; ¢, - dé dm trung binh cua qui trinh o =0 +1; A : hé s6
dan nhiét cua g (W/m.K); 4, : hé sé dan nhiét theo cia gé phuwong doc (W/m.K); A, : hé sé6 dan nhiét
ciia gé theo phwong ngang (W/m.K); 4, hé s6 di chuyén phan ti (kg/m.s.Pa); A, hé sé di chuyén phan
tir Ciia hoi trong g6 (kg/m.s.Pa); Ao he so di chuyén phan tir ciia hoi khi hén hop trong go (kg/m.s.Pa);

A hE so di chuyén phan tir ciia hoi khi hon hop trong gé theo chiéu doc (kg/m.s.Pa); A hé so di

chuyén phan ti cia hoi khi hon hop trong go theo chiéu ngang (kg/ms.Pa); p : ty trong cua khi, di

chuyén trong gé duwoi bién thién ap suat (kg/m®); py: ty trong cua gé khd (kgim®); p, : ty trong cia hoi
nueée (kg/m®); T : thoi gian ()
Nam 2001 Anastasios Koumoutsakos, Stavros Avramidis va Savvas G.

Hatzikiriakos [65] nghién cu md ta hién twong di chuyén am trong suét qua
trinh siy chan khéng gia nhiét song tan sé lién tuc trong siy gé dugc thé hién
trén phuong trinh bao toan tong quéat (bang 1.3). Khi siy anh huong gradient ap
suat pha khi khi am di chuyén trong gb rat quan trong. Thém vao d6, mao dan di
chuyén trong sy chan khong song tan s da duogc thao luan, hiéu qua cia n6 da
duogc so sanh véi sdy dbi luu. Phuong trinh truyén nhiét va truyén am mo ta hién
tuong nhiét bén trong va anh huong gradient ap suat pha khi, duoc chuyén hoa va
giai bang md hinh 1D str dung phuong phap phan ti hitu han.

Bang 1.3. M6 hinh 1D mé ta qua trinh truyén nhiét va truyén am trong qua trinh

say g0 chan khong song tan so

Tén mé hinh Mb hinh toén Téc gia
tham khao
Can bang khdi lugng m m T
am_2[p, M, p )y
ot ox OoX
Can bang ning luong oT o om oT
( P)tot ot ox K X +ke x +@ Anastasios
110 Koumoutsakos,
- - ( = ) - - Stavros Avramidis
biéu kién ban dau Tai t=0 theo x , mvaT béNng Vv6i do amban dau ;3 sayvas G.
va nhiét do ban dau cua go Hatzikiriakos [65]
bicu ki¢n bien Theo t tai x = 0 thi ‘lm:ova a._ 0
OX OX

do dbi xung
Theo ttai x = L va m =0 do chan khong va
2
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T = T4 khi L = tong chiéu dai mau say.
Chu thich bang 1.3:
Cp: €ONg sudt nhiét tai ap sudt thwong (IkgK);D : hé sé khuéch tan (m?%/s);M: @ dam phan doan;M,:

trong hrong phan ti ciia hoi meéc = 0.018 (kg/mol);P: &p suat (Pa);T: nhiér dé (K);V: vdn toc (m/s);Z:

hdng sé nén (MIs); «, 3, 7, &, & = hé s6 diéu chinh duwong cong cho nhan té tén thdt chat dién moi; u :
dg nhot (kgim.s=Pa.s); p : ty trong (kg/m®); @ : nguon nhiét bén trong (W/m?)

Sau d6 cac tac gia di phat trién mé hinh todn hoc ndy sang 2D véi thuc
nghiém hai loai gd 14 kim [67], duoc sdy trong phong thi nghiém bang may say
chan khéng gia nhiét séng tan sb, dé theo ddi cho viéc phat trién dong am bén
trong (bang 1.4). Tong d6 am trung binh va nhiét do, ap suat dugc giam sét thong
qua thoi gian. Mot s6 sy hoat dong dugc dua ra khoi cac diéu kién cua dién thé,
ty trong, cong suat, 4p suat xung quanh, nhiét d6, d6 am ban dau. Két qua dat
dugc thi so snh véi du doan ctia mo hinh don gian 1D.

Bang 1.4. M6 hinh 2D m6 ta qua trinh truyén nhiét va truyén am va &p suat trong

qua trinh sdy g chan khong

Tén moé Mb hinh toén Téc gia
hinh tham khao
Can biang oy o om oT) o om oT Anastasios
khoi lugng E = 6)([ Driong -&"‘ Driong ax) + 5 (Dmtran 5 + Drigan @ (1.11) Koumoutsakos,
= = Stavros Avramidis
an ang ar _ o am aTy, o om ar (1.12) va Savvas G.
ning luong 0 o =50 ( mong 5 Kt ax)+ ay[kmn oy T Kren j*q’ Hatzikiriakos [67]

Nam 2000 Maurice Defo, Yves Fortin va Alain Cloutier [41] da nghién ctru
mo hinh toan hoc cho qua trinh say gd bang phuong phap chan khong bang tiép
xtc da dugc md phong theo md hinh say chan khong hoi quéa nhiét (bang 1.5).
Céc phuong trinh 4m va nhiét déu dua trén khai niém thé ning ctia nuéc nhung
nguoc lai phuong trinh ap suat thi dya theo cong thirc bao toan khéi lugng trang
thai khong 6n dinh caa khong khi khd. Nghién ctu tién hanh say gé Maple trong
may say chan khong thi nghiém ddi luu thong qua phuong phép k¥ thuat thich
hop cua dudng cong sdy. Téc d6 gi6 trung binh 1a 2,5m/s, nhiét do 1a 60 - 66°C,
&p suat moi truong trong khoang 15 - 11 kPa. Két qua mé phong cho thay hé sb
truyén nhiét va truyén am phu thudc vao dé am, duong cong say md phong dia
trén hé sb truyén tinh tir ly thuyét 16p bién két hop véi két qua thuc nghiém. Méi

quan hé lién quan tinh thim hat cua gé d6i vai khong khi 1a théng sb quan trong



30

trong qua trinh nghién ctu, qua trinh thay doi ap suat trong gd trong qua trinh

say.

Bang 1.5. M6 hinh mé ta qué trinh truyén nhiét va truyén 4m va trong qua trinh

sdy g chan khong hoi qua nhiét

Tén mod hinh M© hinh toan Tac gia
tham khao
Can bang khoi oM 100 — —
lrong - Dinh G V.K(M,T,P)Vy =0 (113) Maurice Defo,
luat tong quat mPw Yves Fortina &
Darcy Alain Cloutier
truyén nhiét oH — oC (2000)
Pinh luat E—Vk( VT —&(ah, + pah, )at =0(1.14) [41]
Fourier
ap suat ., mT | S KoKy L ~
-V == D, P, [VP+V D,P |VP
ERST A N Gl ((%pg:e” j ) Maurice Defo,
(B) M () TLR® BT, Al Clouter
oM ). ot \aT ), oty ot T a (1.15) (2000)
MM, (g6 [41]
(M,P, +M,P,)
fl))iéudliién (X, %, X )=y
an dau
T(X, %, t,)=T, (1 17) Maurice Defo,
P(x X,,t ) Yves Fortina &
— Alain Cloutier
biéu kién bién dn =h, (v, - w) (2000)
A, = (h, +h, YT, ~Teo)+ (L-&)ahy + Aahh, (v, v, ) (118) [41]

P=P,

Chu thich bang 1.5:

w : tong thé nang cua nudc

¥ , trong trudng hop say chan khong la tong thé nang hé thong

V,pthé ning ap suat trong gigi han nao d6 duoc bo qua

Phat trién mo hinh toan hoc hai chiéu cho siy chan khéng tiép xac duoc

phong theo su mod phong say chan khong hoi qua nhiét. Hau hét cac tham sé cua

mo hinh da dugc xac dinh trong nhitng nghién ctu trude do. Sy md phong thi sir

dung hé sb truyén nhiét va truyén chat dwgc danh gia boi phuong phap hiéu

chinh duong cong va ly thuyét 16p bién. Két qua su md phong dugc so sanh két

qua thuc nghiém dat duoc va tir siy chan khong hoi qua nhiét cho gd Thich

(Maple).
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1.5.3 Nhitng két qua nghién ctru siy gb bang phwong phap chan khong
trong nudc

S4y gd bang phuong phap chan khong trén thé gigi da hinh thanh va phat
trién tir rat lau nhung ¢ Viét Nam thi cdng nghé nay con kha méi, hién nay mot
s6 doanh nghiép bt dau quan tdm phat trién. Tuy nhién dé céc doanh nghiép that
Su an tAm va tin tudng vao phwong phap sdy méi doi hoi phai dugc thuc nghiém
nghién ciu gop phan xay dung co sé khoa hoc viing chic, dé viéc tng dung
mang lai hiéu qua thiét thuc va hiéu qua nhat. Xuat phat tir yéu cau trén mot vai
nhiém vu da dwoc quan tam nghién ctu va trién khai trong nudc bao gom cac
cong trinh sau day:

Nam 2006 Tran Hixu Viét nghién ctu tinh toan- thiét ké - khao nghiém mo
hinh say gd chan khéng, tac gia da tinh toan va thiét ké mé hinh say gd chan
khong cong suét 0,1 m® véi nguyén liéu siy gd cao su kich thugc 20 x 50 x 1000
mm, d6 4m ban dau 35% vé do am cudi cling 8% thoi gian say 48 gid rit ngan 72
gio S0 Véi say dbi luu théng thuong (say qui chuan, ty 1é khuyét tat hau nhu it
Xuat hién va mau sic gd tuoi sang. Vi két qua thi nghiém da cho thady mot budc
di méi trong cdng nghé say gd dic biét 1a say gb chan khong [22].

Nam 2008 Nguyén Vin Cong Chinh nghién cuau, thiét ké, ché tao, khao
nghiém mé hinh may say gd kiéu chan khong. P khao nghiém say gb cao su véi
quy cach day 20 mm, & nhiét do sdy la 49°C, 4p suit 50 mmHg, chu ky xa 4m 3,9
gio cho két qua thoi gian say trung binh 1a 60 gio, ty 18 khuyét tat cua gé sau khi
sdy 3,5 - 5,5%, chat luvong gd sau sdy dat hiéu qua [16].

Nam 2014 Pham Ngoc Nam nghién ciru tng dung, xay dung cong nghé sy
g6 Bach dan bang phuong phap sdy chan khong. T4c gia tién hanh nghién cau
Vi hai loai gé bach dan (bach dan tring, bach dan do) day 14 loai gd d& nhay cam
v6i nhiét do va d& bi mép méo, nat mat khi nhiét do 1én trén 55°C. Két qua
nghién cttu ché d6 siy chan khong téi wu khi sy gd bach dan tring & nhiét do
sdy 52,3°C va thoi gian xu 1y ban dau 1a 5,18 gio thi ty 18 khuyét tat gd bach dan
trang 1a 4,41% va thoi gian say l1a 79,52 gid. Say chan khong téi vu khi siy g
bach dan d6 & nhiét do 50°C va thoi gian xtr Iy ban dau 14 4,8 gio, ty 18 khuyét tat
96 bach dan do 1a 4,6% va thoi gian sy 1a 111,1 gio, dat két qua chat lwong cao,
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giam khuyét tat va gop phan tng dung giai phap hiéu qua trong sy g dic biét 1a
9o Bach Pan [17].

Nam 2010 bang Htru Tiép va cac céng sy Cong ty CP Thuong mai Cong
nghiép va Ché bién gd (INWO) cung gop stc nghién ctu, ché tao may siy hoi
nuéc két hop chan khong. Day 1a két qua cong trinh nghién ciru kéo dai 6 nam tir
nam 2005 — 2010. Muc tiéu chinh cua cdng trinh 1a nghién cau, thiét ké va ché
tao thiét bi sy g véi cong nghé hién dai, tiép can trinh do cdng nghé chau Au,
tiét kiém ning luong, than thién véi moi trudng, dong thoi dap tng cac yéu cau
dic thu cua cac doanh nghiép ché bién gb quy md nho va vira. Viéc ap dung cong
nghé say chan khdng di giup thoi gian sdy 1 mé nhanh hon so véi sdy bang hoi
nuéc thong dung. Chét luong go say kha tét so véi cong nghé siy hoi nudc thong
dung, ty 18 khuyét tat caa g say giam [3].

Két luan chwong 1

Qua nghién ctu tim hiéu vé say gd bang phwong phap siy chan khong cho
thay viéc ting dung cdng nghé say chan khong da xuét hién tir rat l1au trén thé gioi
va duoc ting dung khé phé bién dén ngay nay [33, 35 - 38], [46], [49], [50]. Tu
nhitng nghién ctru so khai ban dau vé sy ap suit thap, cong nghé siy g chan
khong dan duoc hinh thanh, qua cac két qua thuc nghiém sy gd chan khong di
cho thay nhiing loi ich thiét thuc khi 4p dung cho nguyén liéu g, dac biét la
nhitng loai g kho siy [43], [53], [64 — 67]. Véi nhing vu diém dat duoc trong
say chan khdng: rut ngan thoi gian sy, chat luong gd siy cai thién, co ché van
hanh logic, khoa hoc phi hop &ng dung trong san xuat céng nghiép, cung véi su
phét trién khdng ngiing cua khoa hoc ki thuat cong nghé hién dai trén thé gioi,
theo thoi gian cac nha khoa hoc da khong ngiring nghién ctru dé timg budc hoan
thién céng nghé say gd chan khong sao cho giam tbi da, tiét kiém kinh phi dau tu.
Vi vay, hang loat cac cdng trinh nghién ciru da ra doi, thé hién rd muc tiéu cua
cac nha khoa hoc 1udn huéng dén hiéu qua tot nhat trong viéc siy gb. Pau tién 1a
say chan khong lién tuc véi gia nhiét bang dién cyc tiép xuc truc tiép nguyén liéu
g6, gia nhiét bang vi song, gia nhiét bang tan sb cao, gia nhiét séng tan sb, va gia
nhiét hoi qua nhiét, ddi luu khong khi néng,....nhitng nghién cuu tiép theo cho

thiy say chan khdng ap dung cong nghé méi say theo chu ky (khdng lién tuc) voi
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qua trinh gia nhiét va rat chan khéng dan xen nhau, bén canh d6 sy chan khang
két hop nhiéu ngudn ning lwong khac nhau nhu vi séng két hop khdng khi néng,
hay song tan sé két hop d6i Iuu... Théng qua két qua nghién ctu cua cac nha
khoa hoc trén thé gioi da chang minh cdng nghé siy gd chan khong 1a cong nghé
mang dén nhiéu hiéu qua cao trong cdng nghiép sy g6. Cac nghién ciu duoc ap
dung trén cac loai nguyén liéu gd 6n d6i tir Chau My va Chau Au nhu : Sdi,
Théng, Dé, Thich, Bach Duong.... két qua dat duwoc mang dén nhiéu hiéu qua
cao. Bé khai thac triét dé uu diém cua cdng nghé can thiét ap dung cho cac loai
nguyén liéu gé nhiét déi tir Chau A, dac biét 1a nhitng loai gd kho siy nhu gb
Cam xe nham gop phan nang cao chat lugng nguyén liéu gé say va rat ngin thoi
gian siy. O Viét Nam ngoai cac cong trinh nghién cau say chan khdng cho gb
Cao su, Bach dan trang, Bach dan do thi chua c6 bat ky cong trinh nghién cau
nao lién quan dén sy chan khong gé Cam xe. Pay 1a mot trong nhitng loai gb
kho say véi dac diém cau tao chira nhiéu dau nhya gay han ché qua trinh thoat
am, nude khi siy ¢ nhiét 6 cao, dong thoi viéc thoat am ndy anh hudng truc tiép
dén thoi gian siy ciing nhu khuyét tat xay ra trong qua trinh say.

T6m lai, can phai c6 giai phap cong nghé cho gd nhiét dsi kho sdy vira rit
ngan thoi gian sy vira nang cao chat lugng gd gop phan nang cao gia tri nguyén
licu gb. Piéu nay la bude di tién phong trong cong nghiép siy gé gop phan dua ra
giai phap nham giai quyét tir ba yéu t6 chinh nhu sau: thtr nhat loai nguyén liéu
nhiéu dau nhya khd say nhiét do cao nhu gd Ciam xe, thir hai cdng nghé say chan
khong, thir ba gia nhiét bic xa hong ngoai, két qua thi nghiém ghi nhan s& 1a co
s& khoa hoc cho doanh nghiép tham khao, ttng dung vao thuc té san xuat. Tir su
két ndi ba yéu t6 chinh trén 1a giai phap ddng thoi 1a nhiém vu hét stc cap thiét
ma chidng t6i tién hanh thuc hién nghién ctu cong nghé siy gé Cam xe bang

phuong phap say chan khong.
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Chuong 2
VAT LIEU, PHUONG PHAP VA PHUONG TIEN NGHIEN CUU

2.1 Vat liéu nghién cau

Vit liéu nghién ctiru: g6 Cam xe co6 tén khoa hoc Xylia xylocarpa, day la
mét trong nhitng loai gd c6 gia tri cao duoc st dung rat pho bién trong viéc gia
cdng, san xuat cac san pham gd noi ngoai that tai Viét Nam. Chinh vi vay, luan
an tap trung nghién caru vao nguyén liéu goé Ciam xe, gbd chon lam thi nghiém la
nguyén liéu go duoc nhap tir Campuchia, kich thudc duong kinh 0,5 — 0,7m,
chiéu dai 3 — 7m. Nguyén liéu gd sau d6 mang di cua xé va cat gia cong qui cach
theo y&u cau mau thi nghiém (hinh 2.1) va céc tiéu chuan trong xéac dinh tinh chat

nhiét vat ly va mét sé dic tinh khac.

Hinh 2.1. G6 Cam xe (Xylia xylocarpa)
2.2 Phwong phép nghién ciru ly thuyét
Phuong phap thu thap thong tin: Théng qua qué trinh tim hiéu, thu thap tai
liéu sach, bai bado khoa hoc, cac cdng trinh nghién curu cua cac nha khoa hoc
trong va ngoai nude. ..t d6 1am co sd trong qua trinh nghién ctu co s Iy thuyét,
khai niém, co ché truyén nhiét, truyén am trong qua trinh sy
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Qua cac két qua nghién ciru trong va ngoai nude khi sy go cho thay céc tac
gia thuong sir dung md hinh toan thuc nghiém dé xay dung mdi quan hé bién
thién do am vai thoi gian say.

Céc tinh chat nhiét vat Iy cua gd 1a théng sé quan trong va anh huong dén
két qua trong viéc giai hé phuong trinh truyén nhiét, truyén am. Céac dai luong
nhiét vat ly cua nguyén liéu gd phu thudc vao do am, vi tri, do tudi, ving mién,
tho nhudng, quéc gia. ... thong qua nghién ciru trén mot s6 loai gd nhu: gd Tuyét
Tung do (Thuja plicata), Boc Can (Conium maculatum) [31], gd Van Sam Na uy
(Picea abies) [32], g6 Sbi do (Quercus spp) [29], gd Boc Can mién Tay (Tsuga
heterophylla) [29], mot sé gd 14 kim nhu Van Sam (Picea abies), Thong den
(Pinus nigra), go la rong Dé Ngua (Aesculus hippocastanum), Dé Gai (Fagus
sylvatica) [80]. Vi vay, trong d¢ tai nay s& tién hanh nghién ctru xac dinh cac tinh
chat nhiét vat ly caa gd Cam xe dugc dung lam vat liéu nghién cuu.

Hé phuong trinh truyén nhiét, truyén am duoc giai bang phuong phap phan
tar hitu han. Pay 1a mot cong cu duoc nhiéu tac gia sir dung dé giai hé phuong
trinh vi phan bang cach chuyén cac hé phuong trinh nay vé dang roi rac theo
khong gian va thoi gian. Thuat toan giai hé phuong trinh nay dugc chung toi
trinh bay chi tiét trong chuong 3.

Nghiém cua hé phuong trinh truyén nhiét, truyén am la co so dé danh gia,
so sanh va phan tich cac van dé lién quan dén dong hoc qua trinh say nhu anh
huong caa nhiét do TNS, cudong d6 bic xa hong ngoai ... dén thay doi do am
trong gé Ciam xe.

2.3. Phuong phap xic dinh cac thong so nhiét vat ly cia g Cim xe

Chon miu

Quy trinh chon mAu, 14y mau thuc hién theo TCVN 8044 : 2014, dé dam
bdo cac mau gd va cac chi tiéu cia mau dai dién cho 16 mau. Go duoc chon lam
mau ¢ dang gd khuc, gb xé va dang tAm.

Xé khuc gd lay mot tim & giita. Néu khuc gd 1éch tam thi tdm giira phai bao
g6m tam tryc. Khi ldy mau cit cic tim giita theo chiéu hai duong kinh vudng goc
v6i nhau. Chiéu day cua tim giira khong duoc nhoé hon 40 - 60 mm. C6 thé cét
céc tAm giita c6 chiéu day 40 mm tir cac khiic ¢6 duong kinh bang hoic nhé hon

180 mm.
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Khi 1dy mau tir gd xé, mot thanh hodc cac thanh duoc xé song song véi truc
doc khiic gd. S6 luong thanh phai du dé dam bao cac miu va cac chi tiéu 1a dai
dién cho 16. Chiéu day cac thanh 20 - 60 mm.

Hinh dang va kich thuéc mau thir dugc quy dinh trong c4c tiéu chuan tuong
g véi tig phuong phap xac dinh tinh chat gd.

M&i mau thir phai duoc ghi ky hiéu dé nhan biét vi tri mau dugc cat tir mau
b d3 chon. Trén mau c6 thé ¢ cac thong tin khac néu co yéu cau.

S6 lwong miu

Theo phuong phap 1ay ngiu nhién TCVN 8044 : 2014, s6 luong mau dugc
quy dinh va lay theo dung muc dich (xac dinh chét luong cua gd, cua 16 gd xé,
cta ting thanh gd), ciing nhu phuong phap lay mau di sir dung va yéu cau cua
phép thtr. Gia tri ctia cac chi tiéu chinh dugce xac dinh voi chi sd cua phép thir
bang 5% Gng véi do tin cay bang 95 %.

2.3.1 Phwong phap xac dinh khéi lwong riéng

Khéi lugng riéng 1a khéi luong vat chat trén mot don vi thé tich tinh bang
kg/m? hoic g/cm?® [26], trong linh vuc ché bién gd, khéi lugng riéng cua gd con
dugc goi 1a khéi lugng thé tich gb [10], [18] duoc xac dinh theo tiéu chuan
TCVN 8048-2 : 2009. Bé xac dinh khéi luong riéng cua go tai gia tri do am nhat
dinh (W%) nghién ctru dung phuong phap can do, phuong phap nay da duoc ap
dung trén mot s loai gd khéc [10], [18], [26], [77] duoc thuc hién nhu sau:

- Gia c6ng mau g6 kich thude 20 x 20 x 30 mm, trong d6 kich thuéc 30 mm
theo chiéu doc thd gd (hinh 2.2), sé luong 10 mau cho 7 cap do am khac nhau,
tong sé6 mau cho thi nghiém nay 70 mau. Tién hanh sdy mau gd va theo ddi do
am gb qua may do d6 am Vogel, sau 5 phat cap nhat do am mat 1an, khi mau dat
d6 am yéu cau, tién hanh can xac dinh khdi lwong mau gd bang can dién tir Bel,
dong thoi do kich thuéc mau gd bang thuéc kep dé xac dinh thé tich mau gd.

- Ap dung cong thire (2.1) dé xac dinh khéi lwong riéng cua gb tai trang théi
d6 am W(%). Khéi luong riéng g tai do am nhat dinh W(%).



37

(g/cm®) (2.1)

Pwo =

VWO
Trong do, puo 1a khdi lwong riéng gd tai d6 am W (g/cm®); mla khéi luong g tai
d6 4m W (g); Vs 12 thé tich gd tai d6 4m W (cm®).

Hinh 2.2. Go Cam xe kich thudc 20 x 20 x 30 mm xac dinh khdi luong riéng
2.3.2 Phwong phap xac dinh nhiét dung riéng

Nhiét dung riéng cia mot chat 1a nhiét lugng can phai cung cip cho mot
don vi do ludng chat d6 dé nhiét do cia no ting 1én mot do trong qua trinh truyén
nhiét. Bé xac dinh nhiét dung riéng caa g6 Cam xe [26], [48], [78] nhu sau:

Mau gd kich thugc 10 x 10 x 20 mm, s6 luong 10 mau cho 4 cap d6 am
khac nhau, tong sé mau cho thi nghiém nay 40 mau, gia nhiét cho cac mau nay
trong nuéc c6 nhiét do t, bang phuong phap sau: d6 nudc vao binh dun cho dén
khi gd duoc nhiing ngap hoan toan trong nudc, ding bép dién nung nong nude va
mau 95 trong binh dun, dung nhiét ké do nhiét do cua gS trong binh dun t; va
ding can xac dinh khéi lwong mau go m;.

Liy mau gd c6 cd khéi lwong m; di duoc gia nhiét & nhiét do t; cho vao
binh nhiét lugng ké (hinh 2.3, 2.4) da ¢6 san luong nudc duoc can trudce (co khoi
lugng my) véi nhiét do t,.

Trong qua trinh mau gé va nudc trong binh nhiét luong trao ddi nhiét, thinh
thoang lac nhe binh nhiét luong dé mau gd va nudc duoc trao ddi nhiét cho nhau
hoan toan va cé nhiét do chung la t;,.

Nhiét giai phong ra caa mau go la:
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Q, =c,m(t, —t,) (2.2)
Trong d6: ¢4 1a nhiét dung riéng cia mau gd (J/kg.K); m; 1a khdi lwong mau gd
(Kg); t1, tm 12 nhiét d6 cua mau gd trude va sau khi trao d6i nhiét véi nude (K).
Luong nhiét ndy s& can bang vai lwong nhiét hap thu cua nudc:
Q, =c¢,m,(t, —t,) (2.3)
Trong d6: ¢, 12 nhiét dung riéng cua nuéc ¢, = 4185 J/kg.K; m, 1a khéi luong cua
nudc (Kg); to, tm 12 nhiét d6 cua nude trude va sau khi trao d6i nhiét vai vat thé.
Do vay nhiét dung riéng ¢, cua gd 1a co thé tinh toan duoc thdng qua céc
gia tri t, cp, My, My, ty.

Tur (2.2) va (2.3) ta c6 nhiét dung riéng ctiia mau go la:

_ szz(tm _tz)
“mi ) -0

1

Hinh 2.3 Binh nhiét lugng ké Hinh 2.4 Mau gb thi nghiém

2.3.3 Phuwong phap xac dinh hé sé dan nhiét

Hé s6 dan nhiét caa vat liéu 1a mot dai luong vat 1y dac trung cho kha ning
dan nhiét caa vat liéu [15], [76], hé s6 dan nhiét dugc xac dinh théng qua thiét bi
thé hién hinh 2.5,

Thiét bi do hé s6 dan nhiét xung quanh duoc boc cach nhiét bang 1 16p st,
1 16p polyurethan va 1 16p bong thuy tinh c6 chiéu day la 40.10?m dé dam bao
thiét bi 1a mot hé doan nhiét. Ampe ké do dong dién (A), volt ké do hiéu dién thé
V).

Gia c6ng mau gd kich thudc 15 x 30 x 30 mm (hinh 2.6), sé lwong 10 mau
cho 4 cap d6 am khac nhau, theo 2 phuong doc va ngang nén tong s6 mau cho thi

nghiém nay 80 miu, tién hanh sy mau g va theo ddi d6 am gd qua may do do
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am Vogel, khi mau dat do am yéu cau, mang mau gd dit bao quan trong ta dinh
6n, bao quan va gitt 6n dinh d6 4m gd dé thuc hién thi nghiém tiép theo xac dinh
hé s6 dan nhiét caa gd theo cac cap do am.

Tién hanh dat mau gd c6 kich thudc day 15 mm, rong 30 mm vao thiét bi
so d6 mo ta & hinh 2.5, khi tién hanh do hé sb dan nhiét theo chiéu doc thé thi dat
mau phuong doc thd g theo chiéu day mau, khi do hé s dan nhiét theo chiéu
ngang th dit mau phuong ngang thé go theo chiéu day mau.

Trong dé: 8; = 15.10°m, A, = 383,8 W/m.K, F = 55,2.10*m? cuia tim ddng,
(a>>38y),

Tw, Tov: (°C) nhiét d6 & phia ngoai 2 véach phing cua thiét bi; 8 = 15.10°m 14
chiéu day ciia mau gé can xéac dinh hé sé dan nhiét (hinh 2.5).

Vi khéng cé dung khang (Z. = 0) va cam khang (Z_ = 0), do d6 nang lugng
chi tiéu hao trén dién tré thuan xac dinh theo dinh luat Jun — Len Xo, véi U = RI
nén:

+ Q=RI*t=Ulr,J (2.5)

=== W/m? (2.6)
Fr Ft F

+ Mat d6 dong nhiét: qmg =

Q R’ Uk Ul
Ft

+ Hé sé dan nhiét cia mau gd can khao sat dugc xac dinh:

amddday__ (\jm K) 2.7)

=
(7'21;—7'11;)—2%—11

wo

Trong do:

8, =1,5.10°m, A, = 383,8 W/.m.K, F = 55,2.10* m? tim ddng, (a >> §,)
T, Toy : nhiét do & phia ngoai 2 vach phang cua thiét bi (°C)

Saay = 15.10° m Ia bé day ciia mau gd can xéac dinh hé sb dan nhiét

Dong ho do va hién thi nhiét d§

LYY

Cam bién
L nhiét 4§

£ °
v 1| Pientrs é ] Nguén AC-220V
Chiéu dai i

dot néng

/
.

(] Lép cach nhiét

Hinh 2.5. So d6 cua thiét bi do hé s6 dan nhiét  Hinh 2.6. Mu gd thi nghiém
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2.4 Phwong phap xac dinh dé 4m b&o hoa thé gé (hay con goi la diém
b&o hoa thé gd) - Waerse

D6 am bao hoa thd g duoc xac dinh boi lugng nude lign két téi da trong
96, phuong phap xac dinh d6 am béo thd gd : dwa vao mdi quan hé gitta do am
g6 va ty I& co rat, nén trong nghién ctu tién hanh xac dinh ty 1& co rat theo
TCVN 8048 — 13 : 2009, tir d6 xac dinh d6 4m tai diém b&o hoa thd gd [20, 21].

Yéu cau ky thuat cia cac mau gd kich thudc 20 x 20 x 20 mm, sb lwong
mau 30 mau cho duogc danh sb hiéu, mau gb duoc can khéi lugng va ngay sau khi
can tién hanh do kich thudc chiéu tiép tuyén tai giao diém hai duong chéo da xac
dinh trén mat xuyén tam.

Khi do kich thuéc mau gé phai dam bao vi tri ciia cac mau goé dugc xac
dinh va cb dinh trong ca qué trinh thuc nghiém bing cach danh dau trén thiét bi
do vi tri dat mat mau gd khi do.

Sau khi can khéi luong va do kich thudc lan tha nhat, cac mau gd duoc
dat trong khay, khéng cham vao nhau va luu gitr trong phong co6 nhiét d6 20 +
2°C va d¢ am 65 + 3%, két qua ghi nhan dugc xac dinh Viege. Clr sau mdi 12
gio, can khéi luong va do kich thude chiéu tiép tuyén cia mau gd, do kich thudc
mau ngay sau khi can. Khi mau gé dat khdi lugng khong d6i nghia 1a khéi luong
gitra hai lan can lién ké bang nhau ghi nhan két qua tinh todn Voo V& Waeeo -
Sau d6 cho cac mau g vao ta sdy, siy & nhiét do 40°C trong 48 gid. Sau do ting
nhiét d6 va sdy & nhiét 4o 103 + 2°C cho dén khi miu gd dat trang thai kho kiét
(khi khéi Tugng mau gb gitra hai lan can cach nhau 6 gio chénh léch khdng qua
0,5% khdi lugng mau) xac dinh V. Trong thoi gian sy mau g, dinh ky can
va do kich thudc sau mdi 12 gio.

Tir cac két qua can va do xac dinh do co rat tong quat Y, va hé sb co rit

Kt c0a Mau gd. Tir d6 xac dinh do am béo hoa thé gd theo cong thire sau:

Wiworsp = er (2 . 8)

Kertt

Trong d6: Ky : Hé s6 co rit thé tich (%); Y., : Do co rat tong quat (%)

K _ (VonQ_Vwodry)xu)O (2 9)
crtt VwodryXWwoEQ .
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100

Y, = (Vwogre - Vwodry) X (210)

Viwogre

Trong do: Vyogre thé tich gd tuoi (cm3); Vwodry thé tich gb kho kiét (cm3);
Vuozo thé tich gd tai d6 4m thang bang (cm®); Wyyon 4 4m ban du (%); Wiors
d6 am bo hoa thd gb (%); Wieeo d6 am thang bang (%).

2.5 Phwong phap xéac dinh d§ 4m thiing biang caa gb - Wivoeo

D¢ am thang bang (Wyeeo) Mot s6 tai liéu con goi dd am can bang [26],
trong diéu kién méi trudng nhat dinh, qué trinh nha am hozc hat am cua gd chi
dat dén mot d6 am nhit dinh khi dit trong moi trudng. D6 am gd & trang thai nay
dugc goi 1a do 4m thang bang.

P6 am thing bang (can biang) cua gd dugc xac dinh boi trang thai khdng
khi (t va @). Puong cong biéu dién quan hé giita d6 am thang bang (can bang) va
¢ (¢ nhiét d6 khong doi) — duong ding nhiét thé hién hinh 2.7. Tién hanh thi
nghiém va&i mau gd kich thuéc 20 x 20 x 20 mm, s6 lwong mau 10 mau duoc
danh s6 hiéu dé theo ddi va ghi nhan két qua. P6 am thiang bang (can biang) caa
gd phu thudc vao nhiét do va do6 am twong ddi cua moi truong. Khi nhiét do
khong d6i, d6 am twong d6i cua khong khi tang thi do am thiang bang (can bang)
cua g6 sé tang; khi do 4m twong dbi cua khong khi khong ddi, do am thang bang

(can bang) caa gd s& giam khi nhiét d6 moi trudng ting 1én [26].

B I o T e ? 4%\
09 i S o Il o O e Y
e e [ A
=3 = - = L
—_ 0,8 "-""67\ = e - e %‘
§ - \.‘b‘,"\_{' o " 4] {
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Nhigt do, °C
Hinh 2.7. Biéu d6 x4c dinh d6 am thang bang cua gd trong moi truong khong khi

2.6 Phuwong phap xac dinh d§ 4m ban dau cia go - Wy
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Pé dic trung luong nudc trong 9o ngudi ta sir dung khai niém do am, do
am g6 tinh theo ty 18 phan trim luong nuéc trong gd va khéi luong gd c6 nuée
goi 1a d6 am twong ddi (co s wdt).

Xac dinh 6 4m ban dau caa gd theo TCVN 8048 — 1: 2009 [21] nghién ciu
tién hanh ciat mau gd véi kich thuée 10 x 10 x 10 mm tir hai dau tam nguyén liéu

g6 dat tén 12 mau A (s6 lwong 10 mau) va mau B (s6 luong 10 mau), (hinh 2.8).

Vin miu Miu B

Mau A
300 mm 500 mm

10 mm
Hinh 2.8. Phuong phap cat mau xac dinh d6 am ban dau gb
Xac dinh d6 am ciia mau A va mau B bang phuong phap can sy nhu sau:
- Can dé xéac dinh khéi lwong caa mau A va mau B sau d6 dua vao tii siy va
tién hanh sy & nhiét do 100 +3°C cho dén khi kho kiét
- Xéac dinh khéi lugng mau ¢ do am nay. P6 am cua mau A duoc xac dinh
theo cong thuac sau:

W, = My ~Moa 100%
My (2.11)

D6 4m ctia mau B duoc xéac dinh theo cdng thirc sau:

My —M
w, =Ts "M 1009
Mg (2.12)
Do am cua g 1a dd 4m trung binh cia mau A va mau B
W, +W,
WwolN - 2 (213)

Trong d6: ma khdi luong ban dau cua mau A (g); moa khdi lwong kho kiét
cia mau A (g); mg khdi luong ban dau cia mau B (g); meg khdi lwong kho kiét
cua mau B (g); W, do 4m caa miu A (%); Wg d6 4m caa mau B (%); Wyen d0
am ban dau caa go (%)

2.7 Phwong tién nghién ciru
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Bang 2.1. Thdng s6 k¥ thuat co ban cua céc thiét bi do

Stt | Tén Thong so ky thuat Cong dung Ghi chu
1 Céan dién tr Bel Engineering - Italia Xac dinh khéi lwong, | Po truéc khi
thang do (0 - 3000) g, trong viéc xac dinh | sy
sai s6 + 0,01g. d6 4m ban dau
2 | Tusaythi Memmert - Bic Say mau go thi Xac dinh khoi
nghiém Nhiét do hoat dong : 5°C - | nghiém luong go
300°C, sai s6 + 1°C.
3 | Thuéc cudn Thudc cudn - Stanley — My | Do kich thude gb Do chiéu day,
Thudéc kep thang do 0 - 5 m, chiéu rong va
sai s6 + 0,1 mm chiéu dai thanh
Thudc kep Vogel - Birc 9o
thang do 0 - 150 mm,
sai s6 + 0,02 mm.
4 | Nhiétké (hong | Microlife FRIMF1 — Thuy | Do nhiét 46 VLS Do tryc tiép
ngoai) si, thang do 0 - 100°C, truge khi sy trén thanh gd
budc nhay sb do 0,1°C,
do chinh xac + 0,1°C
5 | Cam bién nhiét | ASIT Gsensor — Italia Do nhiét d6 Dit ngay vj tri
do thang do -20°C - 750°C, tiép xuc voi
sai s6 + 0,1°C. VLS
6 | Cam bién ap Danfoss - An Do, thang do | Po ap suat buong say | Pat trong
Sut 0 - 35 kg/cm?va 0 - 760 budng say,
mmHg, diéu khién
sai s6 + 0,05 kg/cm?® va + bom chan
0,0005 mmHg khong
7 | May do d6 am | Vogel —Puc Po d6 am VLS trong | May dat ngoai
str dung kim thang do: 2 - 70% qua trinh say buong say, két
Do chinh xac: 0,5 - 1% ndi day dan
dua vao trong
budng, kim do
dat vao 16
khoan trén
thanh go
8 | May do doam | Prometer - EPM-828 —Anh, | Po d6 am VLS trugc | DUng may
g6 cam tay thang do: 8 - 28% va sau khi say ghim dau kim
Do chinh xac: +0,5 - 1% vao thanh go
9 Thiét bi do TENMARS TM - 206 — Pai | Po cuong do birc xa | Dung xac dinh
cuong do bic | Loan, thang do: 0 - 2000 hong ngoai cuong do buc
xXa W/m?, 634 BTU/(ft2xh) xa hong ngoai
D6 phan giai: 0,1 W/m?, 0,1
BTU/ (ft2xh)
Pon vi: W/m? :BTU
10 | Binh nhiét Binh nhiét lwong ké - cong | Po nhiét lwong Dung xac dinh

luong ké

ty thiét bi truong hoc. Vo

nhiét dung



https://angiamedical.com/nhiet-ke-hong-ngoai-do-tran-microlife-fr1mf1
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nhya hinh try ®100mm, cao riéng cua go
100mm; rudt trong inox @
70mm, cao 75mm; nap nhwa
PVC day 7mm

G Cam xe dugc dua vao budng sy bd tri cac cam bién nhiét do va am do
dat vao thanh gd. Pong cira budng say, tién hanh cai dat nhiét do, ap suat siy va
cudng d6 buc xa hdong ngoai theo yéu cau. Sau d6 khai dong hé théng gia nhiét
bang birc xa hong ngoai thdong qua bo diéu khién gém thanh dén phia trén va phia
dudi, nguon nhiét nay lam néng gd, dong thoi bom chan khong hoat dong tién
hanh rat chan khdng trong budng say, nham ha diém sbi cia nuée trong gd, khi
nuéc dat diém sbi s& hoa hoi, am trong gd di chuyén tir trong ra ngoai bé mit,
khuéch tan ra méi trudng duoc TNS mang ra khoi budng sy theo hé thong bom
hat chan khong, tién trinh nay dién ra lién tuc cho dén d6 am g dat yéu cau va
két thdc qud trinh say.

Binh ngung tu

Buong siy

Bon nudc
giai nhiét

Tu diédu khién

Bom chéan khong
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Hinh 2.9. Thiét bi siy chan khong gé Cam xe
Théng sé k§ thugt co ban cia thiét bi thuc nghiém
Kich thudc may say : 700 x 1500 x 1450 mm
Kich thudc budng siy : chiéu dai 600 mm, duong kinh 500 mm
Cong suat bom chan khong : 1,5 HP, bom dugc diéu khién thong qua cam
bién &p suat
Nhiét &6 TNS: 40 + 70°C, diéu chinh d¢én 0,1°C
bién ap st dung: 3 pha 380 V/50 Hz
Pén sy hong ngoai
- Cong suat hong ngoai : 1000 W (gém hai thanh dén)
- Chiéu dai (mm) : 300 mm
- Buong kinh (mm) : ¢15 mm
- Hdng ngoai budc séng (mm): 2.0 — 10 um
- Nhiét d6 mau (K): 800 — 1500 K
Bo diéu khién : cac thdng s6 van hanh may duoc cai dit, hién thi va giam
sat tw dong, cu thé nhiét do, ap suat, cudong do bic Xa...trong budng say.
2.8 Phwong phap do cac thong sb
Dé thuc hién do va ldy s liéu trén thiét bi, cac cam bién nhiét do, d6 am
trén thiét bi say duoc thuc hién nhu sau:
= Nhiét d6 TNS dugc do bang cam bién nhiét do ASIT va duoc lap dit
tai trong budng say. Nhiét d6 nay duoc hién thi va cai dat théng qua

bo diéu khién.
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Po am VLS duoc do bang may do do am Vogel, lip dat kim do ghim
vao thanh gb vi tri 15 khoan giita, diy dan ndi may do dit ngoai
budng sdy, theo ddi chi s6 ghi nhan trén man hinh hién thi.

Nhiét d6 VLS duoc do bing cach st dung hai cam bién nhiét do
ASIT dit vao cac vi tri khoan phan du, phan cudi thanh gb, trén
thanh gb v&i d6 sau tam gd va bé mit gb thong qua bo diéu khién. S6
liéu duoc ghi nhan 15 phat mot lan, gia tri trung binh cia cam bién
duoc st dung dé so sanh v&i nhiét do VLS khi mo phong.

Ap suat trong budng siy dugc do bang cach sir dung cam bién ap suat
Danfoss dit trong budng siy, s6 liéu thé hién dong hd do 4p suat.
Kich thuéc cia VLS duge do bang thudc day va thude kep Vogel,
gia tri trung binh duoc do tai ba vi tri dau, giita va cudi cta thanh gb
dugc sir dung 1am thong sb tinh toan khi giai mé hinh toan ly thuyét.
Nhiét d6 ban dau ctia VLS duoc xac dinh béng cach st dung nhiét ké
hdng ngoai & phan dau, giita va phan cudi thanh g, gia tri trung binh
do tai ba vi tri dau, gilta va cudi cia thanh gd duogc st dung lam
thong s tinh toan khi giai mo hinh toan 1y thuyét.

Cuodng d6 burc xa hong ngoai dugc cai dit thong qua bo diéu khién
tang giam bang dimmer, thiét bi do cuong do birc xa TENMARS Xxac

dinh cudng do birc xa (W/m?) phat trén hai thanh dén hdng ngoai.

2.9 Phuong phap xac dinh cac thong so
Theo Sandoval Torres [101], Yan Yang [109], Zhengbin He [115] nghién

ctru nguyén Iy truyén nhiét buc xa két luan nhu sau:

Orag = €517 (2.14)

Trong do: & 1a hé s6 phat xa ctia vat xam (con goi do den), I’: 13 ning suét

buc xa

+ + :
Py Ry Ay & A (2.15)
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Fij. hé sb gdc birc xa theo cdng thuc sau

) In\/(l_)<2)(1+Y2)+,/X.il+Y2 ).tan™

1+ X2 +Y2 i+y?

+

ij

XY
JY [+ x?).tan = X.tan". X —Y.tanY
1+X (2.16)
Trong do:
X=x/L;Y=ylL (2.17)

X;: chiéu rong ngudn birc xa (m), y,: chiéu dai ngudn buc xa (m), L:  khoang
cach ngudn buc xa dén gd (m), o, = 5.67.10° W/m’K* (hing sb Stephen
Boltzman), Tr: nhiét d6 bic xa (K), Ts. : nhiét dd bé mat gd gia nhiét buc xa (K),
g: hé sb phat xa, eg: hé s6 phat xa ciia dén burc Xa, & hé s6 phat xa cua gd, Ag:

dién tich ngudn birc xa =x.y (m?), As: dién tich tiép xtc vai ngudn bic xa (m?)

Hé s6 truyén am
Theo Sandoval Torres [101], Yan Yang [109], Zhengbin He [115] nghién
ctru nguyén Iy truyén nhiét va truyén 4m nhan dinh nhu sau:

kWO "
h, _ h,.D .Le" _ he-D | Coop-Puo
p,C,.Le"" k k,

a a

(m/s) (2.18)

H¢ so Lewis xac dinh nhu sau:

_ A gif _ At (2.19)
D pD

Le

aver Cp

Trong d6: p,: khdi luong riéng cua khong khi (kg/m®), c,: nhiét dung riéng
cua khong khi (J/kg.K), ka: do dan nhiét cua khéng khi (W/m.K), Le:  hé  sb
Lewis, D. : hé s6 khuéch tan 4m (m?/s), kuo: hé s6 dan nhiét caa gd (W/m.K), pwo
- khéi lugng riéng caa gé (kg/m®), Cyep - Nhiét dung riéng cia g6 (J/kg.K), n=1/3,
T: nhiét d6 siy (K), R: hang s khi 1y tuong (R = 8,314 J/mol.K).

An nhiét héa hoi


https://vi.wikipedia.org/wiki/Joule
https://vi.wikipedia.org/wiki/Mol
https://vi.wikipedia.org/wiki/Kelvin
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Theo Stanish, M.A.; Schajer, G.S.; Kayihan, F. A [97], Sandoval-Torres
[101], Yan Yang [109], Zhengbin He [115] nghién cru mé hinh siy trong cac vat
liéu xop, nguyén liéu gd da dua ra két luan

Ah =2,792.10° —160.T —3,43T?% (J/kg) (2.20)
Hé sé khuéch tan am (Dj,)

Theo Siau [94], Sandoval Torres [101], Yan Yang [109], Zhengbin He [115]

nghién ctu qué trinh thoat am trong gd da két luan nhu sau:

~9200-70W j
RT

D=7.10"° exp( (m?/s) (2.21)

Hé s6 trao d6i nhiét

Hé s6 trao d6i nhiét d6i luu 1a dai lwong dic trung cho cudng do trao doi
nhiét gitra TNS va VLS. Theo Zhengbin He, Zijian Zhao, Yu Zhang, Huan Lyv,
Songlin Yi [114], nghién cttu hé s6 trao ddi nhiét dbi luu trén gd trong say chan

khong da két luan nhu sau:

h =4t (2.22)

T A(T-Ty)

Trong do:

h: hé sb trao ddi nhiét déi luu (W/m®K), m: tc d6 bay hoi nuéce (g/s), Ah:
an nhiét hoa hoi (J/g), A: dién tich bé mat hoa hoi (m?)

Thong qua thuc nghiém cac nha nghién ctru [114] da tim ra mbi lién hé git
hé sb trao d6i nhiét voi nhiét do va ap suat nhu sau.

h = 3209,07 — 15,38T + 2893,23InP + 0,392T2 + 905,34(InP)? —
3.713TInP — 2,62.1073T3 + 91,885(InP)? + 1,7.1073T2InP (2.23)

Trong d6: h 1a hé sb trao ddi nhiét dbi luu (W/m?K), T 1a nhiét do trong
budng siy chan khong (°C), P la &p suét chan khong (Mpa).

Phuong phap kiém chieng mé hinh toan

Dé xem xét sy phu hop cua md hinh ly thuyét, thong thuong dya vao gia tri
sai léch gitra két qua tinh toan tir moé hinh d6 va mot gia tri dbi sanh (thdng
thuong 14 gié tri thyc nghiém). Can cir vao céc tiéu chi théng ké tién hanh dua ra
nhan xét. Trong nghién ctu nay, st dung cac tiéu chi théng ké sau day: hé sb

twrong quan R%, can bac hai sai s6 binh phuong trung binh RMSE (Root Mean
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Square Error), sai sé twong ddi trung binh MRE (Mean Relative Percentage

Error) [11], & xem xét sy phu hop ciaa md hinh ly thuyét va thuc nghiém.

2 _1_ 2 Oeni —yiei )
R 1 Zliv=1(3/tni ~Ytp)? (224)
1
RMSE = \/;Zﬁl(ym — Vi )® (2.25)
100N i Vi
MRE = Yent (2.26)

Trong do6: I;m: gia tri thuc nghiém, y;; : gia tri ly thuyét (gié tri tinh toan), yi,
: gia tri trung binh, N : s6 thi nghiém.

2.10 Phwong phap xic dinh mé hinh toin cho qua trinh truyén nhiét va
truyén am say chin khong gd Cim xe

Phan tich céc yéu té anh huong qué trinh siy chan khéong, tir d6 1am co sé
cho viéc xdy dung mo hinh vat ly, xac dinh mé hinh toan va mé phong qué trinh
truyén nhiét va truyén am trong qua trinh say.

Pong hoc siy cia g Ciam xe thu dugc trén co s ly thuyét md phong va
thuc nghiém kiém chang, qua trinh siy thuc nghiém thuc hién trén may say chan
khong. Trong qué trinh thi nghiém say chan khong, G cim xe dugc dua vao
trong budng sy, dat trén cac 16p thanh ké, dir liéu dau vao la céc thdng sb vé
nguyén liéu g6 va may sdy chan khéng, qua trinh siy tién hanh duéi diéu kién
chan khong, gd duoc 1am néng nho hé théng gia nhiét bic xa hong ngoai nudce
trong gd néng 1én s6i va hoa hoi di chuyén ra bé mat gb va khuéch tan ra moi
truong. Qua trinh nay dién ra xac dinh dugc hanh trinh giam am cua thanh gd
cling nhu phan bd nhiét trong thanh gd trong qua trinh say chan khéng gd. Sau
khi két thic qua trinh sdy ghi nhan thoi gian say va danh gia ty 18 khuyét tat go
sau khi say.

Pé xac dinh md hinh toan cho nguyén liéu g6 Ciam xe thi can tién hanh
cac budc sau:

- Budc 1: tiép can hé thong (ddi twong thuc), phan tich (dinh tinh, dinh
lugng) hé théng va md hinh hda hé thong bang mé hinh vat thé.

- Budc 2: xay dung mo ta toan hoc cho nguyén liéu gé dudi dang céc
phuong trinh hay hé phuong trinh. .., dong thoi xac lap diéu kién gioi
han va céc tham s6 caa MHT

- Budc 3: tim thuat toan giai mé hinh toan, xac dinh nghiém tong quat.
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- Buéc 4: nhan dang tham sé mé hinh toan, xac dinh nghiém riéng.
- Buéc 5: kiém tra sy twong thich mé hinh toan giira tinh toan cia mo
hinh véi thuc nghiém.
- Budc 6: md phong, hiéu chinh va ting dung mé hinh vao thuc té.
Phuong phap nay sé& ung dung xay dung md hinh todn truyén nhiét va
truyén am trong diéu kién siy gb chan khdng
Trong k¥ thuat, ¢ nhiéu phwong phép giai bai toan truyén nhiét khdng 6n
dinh nhu:
- Phuong phap trung binh hoa
- Phuong phap chong chét siéu vi (super — position)
- Phuong phéap toan tir Laplace (Laplace)
- Phuong phéap sai phan hitu han — Finite Difference Method — FDM
- Phuong phép phan tir hitu han — Finite Element Method — FEM
- Phuong phap s6
Phu thudc vao diéu kién cua bai toan (diéu kién ban dau, diéu kién bién),
ban chat cua qua trinh truyén nhiét (truyén nhiét 6n dinh hay khong 6n dinh, c6
chuyén pha hay khéng, 16p bién di dong hay cé dinh,...) mac do chap nhan sai
s6, thoi gian cho phép, dang nghiém (dang nghiém tong quat, dang nghiém thuan
s6 hoac thuan an ...) chon phuong phap giai cho phi hop voéi timg truong hop cu
thé. DS voi bai toan truyén nhiét trong say gd chan khdng : qué trinh truyén
nhiét on dinh, gia nhiét lién tuc, say c6 chuyén pha, nhung diéu kién ban dau cua
bai toan kha don gian. Vi vay, chon phuong phap sé dé tiép can 1oi giai cua bai
toan trén goc dd md phong qua trinh. Sau do, 1ay két qua thuc nghiém dé danh
gia loi giai cua phuong phap, mirc d6 phu hop gitra phuong phap giai da chon véi
bai toan, mirc d6 sai léch gitra ly thuyét va thuc nghiém.
Qua phan tich phwong phap giai md hinh toan truyén nhiét khdng on dinh trong
qua trinh say gd chan khdng cho thay phuong phap sé phi hop véi nhitng ly do
nhu sau:
- Bai toan phuong trinh truyén nhiét khdng 6n dinh.
- Kich thudc ma tran sé trén mdi 16p ludi phai giai giam dang ké.

- Diéu kién bién xac dinh.
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- Dua vao chuong trinh may tinh phan mém Comsol Multiphysics 5.3a
bai ton s& duoc giai bang phuong phap sb.
2.11 Phwong phap mé phéng biang Comsol Multiphysic
Hién nay, tng dung phuong phap moé hinh hoa trong nghién ctru khoa hoc
tai Viét Nam van con nhiéu han ché va van ¢ bude dau tiép can nhirng phan mém
méi. Véi ky vong dap tmg duoc nhitng yéu cau vé nghién ciru khoa hoc ching
t6i tién hanh (g dung vao trong nghién ctru siy chan khong gd Cam xe.
Céc hién tuong noéi chung thuong duoc miéu ta bang cac phuong trinh
toan hoc, thong thudng d6 1a cac phuong trinh vi phan tirng phan [51], [60], [61],
[68-71], [84 - 87], [97], [98], [100],[108], [110], [111]. Giai phap giai tich cho
phuong trinh vi phan tirng phan doi héi ham dién ta theo bién phu thuoc lién tuc
trong mot mién nao d6. Tuy nhién ¢ day gap mot kho khin thuc su khi xay dung
phuong trinh vi phan cho chat rin & méi truong say la mot bai toan cuc ky phic
tap. Trong dé tai nay xay dung mé hinh toan theo mo hinh vat Iy caa quéa trinh
say chan khong tir d6 tim hiéu tac dong cua mot sé tham s chinh, du doan chiéu
huéng anh huong cia nhitng tham sé d6 dén két qua cua qua trinh, tir d6 tim ra
mot giai phap toi wu dé thiét ké nén cong nghé say phu hop nhit. Sau khi xay
dung duge mo hinh toan, cong doan tiép theo sir dung cong cu md phong dé giai
hé phuong trinh vi phan. Trong dé tai nay chon Comsol vi tinh tryc quan cua
phan mém, va Matlab dé xt ly cac két qua thu duoc tir md phong. Cac budc tién

hanh mé phong qua trinh theo luu d6 hinh 2.10.

Bit dau

- Nhap céc thong sé vat liéu: thong sé
nhiét vat ly cia gd: khdi luong riéng,
nhiét dung riéng, hé s6 dan nhiét, hé sé
truyén am, ...

- Nhép diéu kién TNS: nhiét do, ap suat...

- Nhép nhiét 9 va d6 4m ban dau ctia VLS

A

Khai tao mién con: diéu kién ban dau, diéu kién bién

[
| »

v
C_%p r?h(;i'tklal Nhap md hinh hinh hoc va phwong trinh truyén nhiét, truyén
gia try dieu 4m, Tinh toan do 4m trung binh, nhiét d¢ trung binh
Kién ban dau

1
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Hinh 2.10. Luu d6 cic budéc md phong truyén nhiét, am sdy gd chan khong

2.12 Phwong phap qui hoach thwc nghiém

Pé xac dinh ché do say phi hop cho gd Ciam xe voi phuong phap sy chan
khong gia nhiét bang hong ngoai, tién hanh thyc nghiém xac dinh céc yéu té
cdng nghé anh hudng dén céac yéu t ki thuat va chéat lwong, chinh vi vay nghién
ctu tién hanh thi nghiém say chan khdng gb Cam xe trén 4 dang kich thudc: 20 x
50 x 500 mm, 50 x 50 x 500 mm, 20 x 150 x 500 mm, 50 x 150 x 500 mm.

= Theo ddi qué trinh giam am caa go

= Theo ddi qua trinh ting nhiét do cua gé Cam xe

= Xac dinh thoi gian say

= Panh gia chat luong gd sau say theo c4c tiéu chuan EDG (European
Drying Group) [106].

Thi nghiém duogc bb tri theo kiéu hoan toan ngau nhién. Cac nghiém thic
duoc b tri va lap lai hoic tit ca cac s6 liéu cua cac nghiém thire duoc thu thap
trong diéu kién hoan canh twong di giéng nhau [11].

To chirc thi nghiém chon cac théng soé cong nghé dau vao va dau ra

Chen yéu té dau vao

Do ¢6 rat nhiéu yéu té anh huong dén cac chi tieu kinh té k¥ thuat cua

nguyén ly siy chan khong, cho nén trong qué trinh nghién ctu mot sé thong sé
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anh huong sé bi loai bo néu né anh huéng qua it hoic khong thé diéu khién dugc
trong qua trinh khao nghiém. Cac yéu tb loai bo s& tré thanh céc yéu té ngiu
nhién tac dong nhidu dén qué trinh nghién cau. Trén co so ly thuyét, tat ca nhitng
théng sé c6 anh huong dén qua trinh siy chan khéng bao gém: nhiét do say, ap
suit, cudong d6 buc xa hong ngoai, loai gd, d6 am gd ban dau, bd tri g trong
budng say...

- Loai gd (loai nguyén liéu): gi¢i han nghién ctu trén g6 Ciam xe (nhu tén dé
tai). Pay 1a yéu té cb dinh nén khéng thé chon 1am théng sé dau vao.

- Do am ban dau cua go: theo d6 am trung binh ciia gd Cam xe khi dua vao say
khoang 40 + 2 %, v&i do am xac dinh tir thuc té san xuat nén khong thé thay
doi.

- Két cau budng sy va bd tri phan phdi tac nhan say: trén co so tham khao céc
dang may siy chan khéng trén thé gioi da va dang san xuét, ciing nhu céc ly
thuyét vé say chan khong, md hinh may thiét ké da dugc phan tich, lya chon
cho phu hgp truge khi tién hanh thi nghiém. Chinh vi thé c4c thong sé thiét bi
duoc cb dinh theo md hinh thiét ké.

- Nhiét do say: nhiét do say 1a yéu té quan trong trong qué trinh say. Theo cac
nghién cau cho thay & nhiét d6 say nhat dinh, twong tng ap suat nhat dinh s&
dat d6 s6i twong ung, hai théng sé nhiét do va &p suat c6 mdi quan hé 1an nhau
cuing anh huong rat Ion dén chat luong gd ciing nhu thoi gian siy, &p suat va
nhiét o trong budng say phai dam bao dat gia tri tai trang thai sbi cua nudc thi
qua trinh sdy chan khong méi phét huy duoc tac dung, thap hon thi siy khéng
hiéu qua, cao hon thi san sinh khuyét tat. N6i cach khéc, khdng thé xem nhiét
d6 va ap suit 1 hai thong sé doc 1ap dé nghién ciu. Cac cong trinh nghién ciu
vé siy cua Iman Golpour va cong su [55], Jinfeng Bi, Qinquin Chen, Yuhan
Zhou, Xuan Liu, Xinye Wu, Ruijuan Chen [57], Safary va Amiri [90] da danh
gia nhiét do 1a yéu té quan trong anh huéng chat luong vat liéu. Vi thé chi
chon mét trong hai théng s6, va nhiét do 1 yéu té dugc chon 1am théng sé dau
vao (Xy)

- Cuodng d6 birc xa hong ngoai: Cudong do bic xa hong ngoai ciia dén anh

huong dén thoi gian sdy va ty 1é khuyét tat caa gd, viéc diéu chinh cuong do
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birc xa phu hop gop phan rat ngan thoi gian siy nhung ciing han ché khuyét tat

cua go trong qué trinh sdy. Cac nghién ctu caa Iman Golpour va cong su [55],

Jinfeng Bi, Qinquin Chen, Yuhan Zhou, Xuan Liu, Xinye Wu, Ruijuan Chen

[57], Safary va Amiri [90], Zhihua Geng, Mehdi Torki, Mohammad Kaveh,

Mohsen Beigi, Xuhai Yang, [116] dd danh gia cuong do bic xa hdng ngoai 1a

yéu td quan trong anh huong tryc tiép dén qué trinh siy chan khéng hong

ngoai, vi vdy dugc chon l1am thdng sb dau vao (Xy).

- Tham khao két qua cua céc nghién ctu trén thé gidi dé lua chon cac thong sé
dau vao, kiém tra cac thong sé dau vao bang viéc tién hanh thi nghiém tham
do. Thong qua thi nghiém tham do cai dat nhiét do 50°C, theo ddi thdng qua
cam bién nhiét, cai dat cuong do birc xa hdng ngoai 600W/m?, didu khién mirc
cuong do thong qua dimer tang giam. Qud trinh tang giam cuong do bic xa
khong anh hudng dén nhiét do, khi cuong d6 ting thi rat ngan thoi gian dat
nhiét do, khi cuong d6 giam thi kéo dai thoi gian dat nhiét @6, nhung khong
lam thay doi nhiét do sdy. Két qua thi nghiém tham do thé hién nhiét do va
cudong do birc xa 1a hai thong sé doc 1ap khéng anh hudng, khdng phu thudc
nhau.

Chon yéu té dau ra
Thong qua céc nghién ctru Zhengbin He, Fe Yang, Yiqging Peng, Songlin Yi

[114], Sachin Guptal, V. S. Kishan Kumar (2017) [89], Altun, Yapici, Korkmaz,

[28], tién hanh phan tich danh gia so bd c4c yéu t6 dau ra nhu sau:

- Do am cua gb sau khi say: 6 am cua gd 1a théng sé hét sic quan trong
anh huong dén chat lugng gd ciing nhu dam bao cac yéu cau gia cong
phuc vu cho ché bién vé sau. Theo céc nghién cau Altun, Yapici,
Korkmaz, [28], Sachin Guptal, Kishan Kumar (2017) [89], d6 am cua gd
thich hop cho qua trinh gia cong tir 8 dén 12%. Trong mot mé say, do am
cudi cung 1a théng sé quan trong quyét dinh thoi diém két thic mot qua
trinh sdy. Van dé l1a d6 dong déu vé do am cua gd sau khi siy va dugc dic
trung bang do léch chuan (standard deviation) trong théng ké. Néu do léch
chuan cao, nhiing thanh c6 d6 am cao hon thi khdng dat yéu cau, con

thanh thip hon thi lai tén chi phi siy va d& bj nut tét, cong vénh. Tuy
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nhién véi may siy thi nghiém ¢ nho (kich thuéc budng siy dang thi

nghiém) cho thdy do chénh léch do 4m cua céc thanh gé trong cung mot

mé say la khong dang ké. Trong gidi han caa luan an yéu té nay duoc xem
nhu mot rang budc va do am sau sdy cua go 1a 8 - 10% nén khdng chon
lam thdng sb dau ra.

- Thoi gian siy: thoi gian siy hoan thanh mot mé siy, day 1a yéu té quan
trong, phu thudc vao yéu té dau vao nhiét do va cuong do bic xa hdng
ngoai dong thoi yéu té nay co thé do ludng dwoc nén chon lam thdng sb
dau ra (Yy).

- Chét luong cua gd say (ty Ié khuyét tat) : Chat luong gd say duoc danh gia
qua rng suat du trong gd, cac khuyét tat caa gd thdng qua céc chi tiéu: do
am dong déu cac vi tri, mau sic, do cong vénh, do nut (theo tiéu chuan
EDG [106])... Tat ca cac chi tiéu nay ngoai viéc dam bao cho chat lugng
g6 dung theo qui cach con anh huang rat Ion dén gia tri vé mat kinh té cua
san pham. Trong chi tiéu vé chat luong, yéu té nay rat quan trong dé danh
gia chat lugng san pham gd sau say, vi vay chon lam thdng sb dau ra (Y5).

Dua vao két qua phan tich cac thong sé dau vao (Xy, X,) va thong sé dau ra
(Y1, Y,) bao gom céc yéu té:

X4 : nhiét do sdy (°C)

X, : cudng do buc xa hdng ngoai (W/m?)

Y.: thoi gian say (h)

Y, : ty 18 khuyét tat gd (%) (theo tiéu chuan danh gia EDG [106])

Theo két qua nghién ctu tong quan cac cong trinh nghién ctu trude do,
nghién ciu lra chon pham vi nghién ctu cua céc thdng sé dau vao c6 gia tri nhu
sau:

- Qua tham khao, ké thira mot s6 cong trinh da cong bd nhu ciia Chen va
cong su [35, 36, 37], Scott Lyon, Scott Bowe, Michael Wiemann [93] chon pham
vi nghién citu nhiét @ TNS nam trong gigi han tir 40 + 60°C.

- K& thtra cong trinh nghién ciru cua Safary va ctv [90], Iman Golpour va
cong su [55], Erzsébet Cserta [39] chon pham vi nghién ciu cong sut phat hong
ngoai nam trong khoang 200 W + 750 W.
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Véi cac thdng sé nghién ciru vira xac dinh, c6 thé md ta dbi twong nghién
ctru nhu mot phan tir hop den véi cac thdng sb dau vao va dau ra.

Mbi quan hé gitta cac thdng sé dau vao va dau ra duoc xac dinh bang
phuong phap théng ké thuc nghiém. Méi quan hé nay dugc danh gia va kiém tra
dinh tinh bang phuwong phap phén tich phuong sai va dinh luong biang phuong
phap phan tich hdi qui, ham cua bai toan duoc md ta dudi dang da thirc.

Phuong 4n quy hoach thuc nghiém béac hai bat bién quay cua Box &
Hunter. Theo phuong an bac 2 md hinh todn hoc dugc biu dién bang phuong
trinh hoi qui nhu sau:

n n n

y=b, +Zbixi "'_Zbijxixj +Zbiixi2 (2.27)

i=1 i#j=1 i=1

Trong do :

y; : cac yéu té dau ra

X;, Xj : C4C yéu to dau vao

Do, b, bjj : cac ude lwong hé s6 hoi qui, goi tat 12 hé sb hdi quy

Noi dung cua phuong phap

Khac véi ké hoach yéu t6 toan phan N = 2 va riéng phan N = 2P ¢ tinh
truc giao nhung khong cé tinh chat quay, trong hoach dinh quay vung thi nghiém
duoc mé rong véi hai diém ngoai ciing dwoc goi 1a diém sao va nd xac dinh bai

k/4

canh tay don o = 24 véi k < 5 hodc o = 2" vaik > 5 (k 1a s6 bién nghién cuu).

vay sb thi nghiem 1a: N =n* (N; + N, + Ng) (2.28)
Trong do :
N =2  séthi nghiém bac nhit (nhan cua ké hoach)

N,=2xk sbthi nghiém ¢ muac diém sao

N, s6 thi nghiém tai tam (thi nghiém ¢ muc khong)

Lap ma tran thi nghiém

Dua trén cac nghién ctiru ké thira, tién hanh thi nghiém tham do dé xac dinh
khoang bién thién va cac mirc gia tri ctia cac thdng s cong nghé dau vao.

Do dic diém cua qué trinh nghién cau thuc nghiém nén mé hinh duoc

bién dién dudi hai dang l1a: dang mé hinh bac nhat va dang da thirc bac Il Box &
Hunter [11].
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M6 hinh thi nghiém bac nhat
+ 54 mirc thi nghiém 1a 3 bao gdm mirc co s& (mirc diém 0 - muc trung
tam), muc trén (+1), mic dudi (-1)
+ 54 thi nghiém can phai tién hanh 1a:
N=N;+Ng=2+Ny=2*+3=7 (2.29)
Trong d6: k : s6 thdng s6 dau vao k = 2
2% = 4 56 thi nghiém & muc trén va dudi
3 : sb thi nghiém lap thuc hién & muac trung tam
M® hinh thi nghiém bac hai
+S6 muc thi nghiém 12 5 bao gém muc co sé (mirc diém 0 - muc trung
tdm), mac trén (+1), mac dudi (-1), mac sao trén (+a) va mic sao dudi (-o)
+S6 thi nghiém can phai tién hanh 1a :
N=N;+Ng+N=2+Ny+4=2?+5+4=13 (2.30)
Trong d6: k : s6 thong s6 dau vao k = 2
22 = 4 56 thi nghiém & muc trén va dudi
5 : s6 thi nghiém lap thuc hién & mac trung tam

2.13 Phwong phap tdi vu héa

Bai toan t6i uu hoa dugc &p dung trong viéc xac dinh céc chi tiéu kinh té ky
thuat téi uu cho tirng khau cong nghé trong qua trinh nghién ctu.

Noi dung cha yéu cua bai toan téi wu dua theo cac ham toan hoc duoc xay
dung bang phuong phap théng ké thuc nghiém. Trong d6 ham muc tiéu 1a nhiing
chi tiéu kinh té - k¥ thuat dic trung cho muc dich nghién ctu.

Viéc tim kiém mot phwong an nhu vay khdng phai 13 khé nhung khong phai
lac nao ciing thuc hién dugc. Bai vi trong san xuat cd rat nhiéu yéu té chi phéi
dén qua trinh ma chua luong hét duoc, hoic nhitng gisi han hay quy dinh phai
tuan tha. Trong ly thuyét quy hoach toan hoc nhitng giéi han dé dugc goi la
nhitng rang budc, diéu kién bién hay diéu kién rang budc.

Bai toan téi vu hoa s& c6 nhiéu nghiém sd, trong nhiéu nghiém sé dé chon
ra mot nghiém. Nghiém nay phai thoa méan cac diéu kién giéi han va phai cé cuc
tri (cuc dai hoic cuc tiéu) ciia mot chi tiéu nao do. Bé giai quyét van dé nay, quy

haoch toan hoc 1a cong cu chii yéu can st dung.
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Viéc chon lya phwong an téi wu trong mot tap hop nhiéu phuong an chip
nhan dugc la mot qué trinh tinh toan phc tap.
Bai toan t6i wu hoa can tién hanh theo cac budc nhu sau:
= Buéc mot : Xay dung mé hinh dinh tinh cho van dé thyc té. O day
can phai xac dinh dwoc muc tidu cin dat 1 cai gi, va cai do bi chi
phdi bai yéu tb nao.
= Budc hai : Xay dung mé hinh toan hoc cho van dé dang xét. M6 hinh
toan hoc thiét 1ap cac méi quan hé giira céc bién sé va cac tham sb
diéu khién hién tuong.
= Budc ba : Sur dung cac cdng cu todn hoc dé khao sat va giai quyét bai
toan da thiét 1ap & budc hai.
= Budc bon : Phan tich va kiém tra lai két qua tinh toan thu duoc &
budc ba. Xac 1ap mirc d6 phu hop cia md hinh 1y thuyét véi van dé
thuc t& ma nd mo ta. Kiém tra cac diéu kién rang budc vé ky thuat
hoac rang budc vé viing thuc nghiém nghién ctu.
Sau khi thyc hién cac budc trén co hai kha nang xay ra
= Kha ning tht nhat: két qua tinh toan phu hop vai thuc té, khi dé co
thé 4p dung n6 vao viéc giai quyét van dé tir thyc té dat ra.
= Kha nang thir hai: két qua tinh toan khong phi hop véi thuc té. Trong
truong hop nay can thiét phai kiém tra thuat toan va phuong thirc
tinh todn & ba budc co du do tin cay hay khéng? Néu kiém tra thay
rang nghiém bai toan thu dwgc twong ang véi qui hoach da duoc xay
dung thi diéu d6 khang dinh “sai s6t” nam & budc hai va budc mat.
Vi thé phai kiém tra lai budc hai véi nhitng thdng tin thu & budc mét,
viéc xay dung dang mo hinh da hop ly chua, da phan anh ding quy
luat caa hién tuong khong? Sau d6 kiém tra lai buéc mot xem ¢ bo
s6t yéu té nao khong? Viéc kiém tra, didu chinh va sta d6i lai mo
hinh c6 thé I3p lai nhiéu lan cho dén khi thu dugc két qua tinh toan
phu hop véi thuc té dé co thé 4p dung vao viéc giai quyét cac van dé

do thuc té san xuat dat ra.
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Tir két qua nghién ciru ké hoach hod thuc nghiém, ching ta da xac dinh céc
mod hinh thdng ké thuc nghiém bac hai mé ta gan dung ddi twong nghién ctu.
Dya trén md hinh bai toan chinh 1a phuong trinh héi qui dang da thirc bac hai
ching ta c6 thé xay dung bai toan ti wu hoa dang qui hoach phi tuyén cho céc
ham y1 va y2 ...cua c4c thdng sé dau ra.

Gidi bai toan téi wu mét muc tiéu

Muc tiéu nay tuy thudc vao thdng sé dau ra nén co thé tién dén cuc dai
(max) va cuc tiéu (min). Str dung phan mém Matlab dé giai bai toan téi wu mot
muc tiéu va da muc tiéu. Y => max hoac min

Thoa man diéu kién rang budc nhu sau -1.414 < x; < +1.414 , i=1:2

Gidi bai toan téi wu da muc tiéu

Muc tiéu nay tuy thuoc vao théng sé dau ra nén co thé tién dén cuc dai
(max) va cuc tieu (min). Sir dung phan mém Matlab dé giai bai toan téi vu da
muc tiéu. Yenung (Y15 Y2)  =>max hoac min

Thoa man diéu kién rang budc nhu sau -1.414 < x;< +1.414 , i=1:2

2.14 Phwong phap xac dinh thei gian siy va ty 1& khuyét tat gb sau say
Xdc dinh theoi gian sdy gé
Thoi gian say duoc xac dinh tir luc bat dau qua trinh siy cho dén khi do
am go dat yéu cau, két thic qua trinh say.
Xdc dinh ty 18 khuyét tat gé sau sdy
Pé danh gia ty 1é khuyét tat ciia go sau say, dé tai can cir VAo CAc tiéu chi
danh gia chat luong gd theo tiéu chuan EDG [106] dwoc hau hét cac nghién cau
vé say go st dung dé danh gia chat luong, chi tiét cac tiéu chi danh gia nhu sau
(chi tiét thé hién phu luc A):
= Po am trén thanh gd say
= Khuyét tat nat, tach trén bé mat
= Khuyét tat nut trong
= Khuyét tat nat dau
= Khuyét tat mo mdp, bién mau gd

Tinh toan xac dinh ty 1¢ khuyét tat gd sau say tién hanh nhu sau :
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=  Xac dinh phan trim s thanh khong dat d6 am yéu cau trén tong sb
thanh gd sy, theo tiéu chi d6 4m
Dua vao tiéu chuan EDG [106] tién hanh xac dinh sb thanh dat va
khdng dat d6 am sau say. Dung cong thtc tinh phan tram sb thanh
khong dat theo tiéu chi do am nhu sau:
Y, = % x100% (2.31)
say
Trong do: Niq: sb thanh do 4m khong dat
Nszy: tong so thanh g say
Y, ty 1& phan trim khong dat d6 am
= Xac dinh tinh phan tram thé tich gb khuyét tat trén tong thé tich gb
sdy theo ting tiéu chi: nut tach trén bé mat, nit trong, nat dau, mo
moép, bién mau.
Dua vao tiéu chuan EDG [106] tién hanh xac dinh thé tich cac viing
khuyét tat trén thanh gd sau sdy. Dung cong thirc tinh phan tram gb
khuyét tat sau say nhu sau:
Y, = Y x100% (2.32)
say
Trong d6: Vi : thé tich gd khuyét tat
V- thé tich go siy
Y,-: ty 1& phan tram gb khuyét tat
= Ty 1¢ khuyét tat 1a tong phan tram céc chi tiéu trén.
Cong thic tinh phan tram tong khuyét tat g nhu sau:
Y, =Y, +Y,. (2.33)
Trong d6: Y,: ty 18 phan tram tong khuyét tat go
2.15 Phwong phap xir ly so6 liéu
Pé hd tro viéc tinh todn va mé phong, qui hoach thuc nghiém, téi vu héa
nghién cau sit dung cac phan mém COMSOL, STATGRAPHICS, MATLAB,
EXCEL, CACULATION trong nghién ctru nay.
Két luan chuong 2

Nghién ctru trong chuong 2 da thuc hién dugc cac cong viéc nhu sau:
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- Nghién ctru cac phuong phap xac dinh céc tinh chat nhiét vat Iy gé Cam xe bao
gom: khéi lugng riéng, nhiét dung riéng, hé sé dan nhiét, d6 4m ban dau, do 4m
can bang, 6 am b&o hoa thd gd.

- Nghién ctru cac phuong phéap xac dinh céc thong sé co lién quan dén dong hoc
say khi say chan khéng hong ngoai g6 Cam xe nhu: hé sé khuéch tan am (D), hé
sb truyén am (hy), hé sé trao doi nhiét (h), hé sb phét xa (¢), an nhiét héa hoi
(Ah)

- V6i phuong phap, két hop giira tinh toan ly thuyét, s6 liéu két qua thuc nghiém
va thuat toan t6i uu xéac dinh céc théng sé D, hy, h, €. Diéu nay gop phan giam
duogc s6 luong thuc nghiém dang ké khi xac dinh céc théng sé can thiét co trong
phuong trinh truyén nhiét truyén am caa vat liéu gd Cam xe.

- Phan tich phuong phap danh gia mé hinh toan, lya chon phan mém hd trg mo
phong khi nghién ctu ly thuyét qua trinh say chan khdng g Cam xe.

- Bang nghién ctru tham do xac dinh cac thong s6 va mién gia tri cua cac thong
s6 cong nghé sdy chan khéng hong ngoai g6 Ciam xe

- Thuc nghiém say chan khéng hong ngoai trén 4 dang kich thuéc khac nhau
bang phuong phap qui hoach thuc nghiém dé xac dinh céac gié trji théng sé cong
nghé say phul hop

- Phan tich danh gia chat lugng gd sau say thong qua cac tiéu chuan chat luong
-Téng hop xtr ly sé liéu bang cac phan mém tinh toan va xur ly két qua thyc

nghiém.
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Chwong 3
KET QUA VA THAO LUAN

3.1 Két qua xac dinh tinh chat nhiét vt ly cia gé Cim xe

3.1.1 Xac dinh khdi lweng riéng cia gd Cim xe

Khéi lwong riéng caa gd (theo mot sé tai liéu chuyén nganh gd con goi khéi
lugng thé tich) tai cac gi tri ¢ am theo TCVN 8048 - 2 : 2009 [21],[26]. Pé xac
dinh xac dinh khéi luong riéng cua go tai cac gia tri do 4m dung phuong phap
can sy duoc trinh bay muc 2.3.1 chwong 2. Thuc nghiém xac dinh khéi lugng
riéng cua gd duoc trinh bay két qua thé hién phu luc 1. Khéi lwong riéng cua gb
Cam xe dugc xac dinh trong pham vi do am tir 10% dén 40%. Két qua xac dinh
dugc khéi luong riéng caa gd tai cac mic do am thay doi trong pham vi 0,871 —
1,084 glem®.

Gia tri dugc thé hién trong hinh 3.1, tir két qua thuc nghiém cho thay khdi
lwong riéng cua gd tang khi do 4m ting, mdi quan hé giita khéi lwong riéng va do
am thé hién qua phwong trinh twong quan hoi qui, kiém dinh c6 y nghia cua cac
hé sé hdi quy theo chuan Student, kiém tra su twong thich cua phwong trinh Véi

két qua thuc nghiém theo chuan Fisher da thu duoc phuong trinh nhu sau:
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Pwo = 0,0068.W + 0,7875 (3.1)

Véi : W = 10 — 40%, py,o khdi lwong rieng gd Cam xe (g/cm®), W do 4m gd %).

1,2
_®
N ) =
: PO ey 4 *
80,8
(%D y =0,0068x +0,7875
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Hinh 3.1. Méi quan hé twong quan khdi lugng riéng va do am cua g Cam xe

Dé biéu dién méi quan hé gitta khdi lwong riéng cua gé Cam xe voi o am,
st dung phuong trinh (3.1) dé thé hién mdi quan hé tuong quan gitra cac thong
s6. Do d6 phuong trinh (3.1) ¢6 thé dung dé dy doan khéi luong riéng cua go
Ciam xe khi biét duoc céc gia tri am d6 cua gd.

Khdi luong riéng gd Cam xe kho kiét, thuc nghiém da tién hanh xac dinh
cho két qua thé hién chi tiét phy luc 2.

mwodry 7,966 3
=——>=——=0,788(g/cm
pwodry V 10’11 (g )

wodry

Mot sé nghién ctiu ciia cac tac gia Chen, Lamb [38], Souhila Kadem [96]
vé mdi quan hé khéi luong riéng véi dd am cua gd sdy. Cac phuong trinh twong
quan xac dinh khdi luong riéng cua gd tai cac mirc d6 am khac nhau, diéu nay
g6p phan hd trg qua trinh tinh toan va dy doan khdi lwong riéng nguyén liéu gd
tai mdi gia tri 6 am nhat dinh.

p=0GnpxX(1+001XW)Xpy,a [38] (3.2)
w
p = 10006, (1 + m) [96]  (3.3)

Nguyén ctu cua Guler, Dilek [50] vé khdi lwong riéng trung binh tai do
4m 13% cua g Sdi (Quercus robur) 1a 0,753 g/cm?® khi siy déi luu bang khong
khi, 0,749 g/cm® khi sy chan khdng séng cao tan, gd Oc Chd (Juglans regia) la
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0,702 g/cm?® khi sdy d6i luu bang khong khi, 0,691 g/cm® khi siy chan khong
s6ng cao tan. Thong qua két qua cho thay khong su khéc biét dang ké vé két qua
khdi lugng riéng khi diung phuong phap sy khac nhau, trong pham vi + 0,004 —
0,011. Theo nghién ctu cua Bijan Adl-Zarrabi, Lars BostrOm [32] khéi luong
riéng gd Thong Nauy (Picea abies) la 0,503 g/cm®. Nghién ctu cua Josue cho g
Cam xe 9 tudi & ving Sabah, Malaysia c6 khdi lugng riéng kho kiét 0,78 g/cm?
[58], két qua nay kha twong ddng véi két qua dé tai 12 0,788 g/lcm®.

3.1.2 Xac dinh nhiét dung riéng

Thuc nghiém x4c dinh nhiét dung riéng cua gd Cim xe theo phwong phap
trinh bay muc 2.3.2 chuong 2, két qua thé hién phu luc 3 va hinh 3.2. Két qua cho
thay nhiét dung riéng ciia gd Cam xe thay doi theo am do6 va dat gia tri tir 1640,7
dén 1884,05 J/kg K tuong tng v4i am do thay doi tir 10% dén 40%.

Tir két qua thi nghiém nhan thay rang nhiét dung riéng cua g Cam xe ting
V6i su gia ting 6 am cua gd. Quan hé gitra nhiét dung riéng cta gd Cuep (3/kg.K)
theo do am W(%) duoc biéu dién bang phuong trinh tuong quan thé hién hinh
3.2, kiém dinh y nghia ciia cac hé s héi quy theo chuan Student, kiém tra su
tuong thich cua phuong trinh vai két qua thuc nghiém theo chuan Fisher da thu
dugc phuong trinh twrong quan nhu sau:

Cuwop = - 0,058.W? + 10,982.W + 1538,2 (3.4)

V6i: W = 10 — 40%, W 1a Do am (%), Cyqp |2 nhiét dung riéng (J/kg.K)
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Hinh 3.2. Méi quan hé twong quan nhiét dung riéng va d6 am
Két qua hinh 3.2 cho thay, mdi quan hé nhiét dung riéng cia gé Cam xe véi
d6 4m Ia phuong trinh ham bac 2 v6i Cyep = f(W) = - 0,058.W? + 10,982.W +
1538,2 (10 < W < 40), khi do am thay ddi trong khoang tir 10% dén 40% thi
nhiét dung riéng ciing thay doi theo hudng ting dan. Piéu nay thé hién su thay
d6i cua do am s& 1am thay d6i nhiét dung riéng cua gd Cam xe. Bén canh do, mot
s6 nghién cau cua Chen and Lamb [38] thé hién méi quan hé nhiét dung riéng va

d6 am thong qua phuong trinh sau:

0,324+0,01xW
1+0,01xW

(3.5)

Cwop=
Nghién ctiru cua Souhila Kadem [96] cho thay nhiét dung riéng gd phu
thudc vao nhiét dung riéng caa nuéc, vat liéu kho tuyét dbi va d¢o am thé hién cac

phuong trinh nhu sau:

_ Cwodryp+0,01CyapW

Cwop = (1+0,01W)+A, (3.6)
Cooaryp = 0,1031 + 0,003867.T (3.7)
A, =W (-0,06191 + 2,36. 1074T — 1,3310_4W) (3.8)

Nghién cau ciia Anusha, Samarasekara, Ramal, Coorey [29] cho gd Sri
Lankan véi Attoniya 1694 + 0.055 (J/kg.K), Pine 1732 + 0.054 (J/kg.K),
Halmilla 1715 % 0.064 (J/kg.K), Ginisapu 1736 £ 0.045 (J/kg.K), Rubber 1724 +
0.047 (J/kg.K) tai 6 am 10% . CAc tac gia ciing da nghién ciru moi quan hé nhiét
dung riéng va do am (W trong pham vi tir 0 - 25%) thé hién qua phuong trinh
sau:

Cwop = 37,2.W + 1340 (3.9)

Thong qua cac nghién ciu cho thiy diém chung cac phwong trinh 1a mdi
quan hé ty 1& thuan gitta nhiét dung riéng va d6 am cua gd, dong thoi két qua
nghién ctru nhiét dung riéng gé Cim xe ciing tuong tu.

3.1.3 Xac dinh hé sé din nhiét

Thuc nghiém xac dinh d6 dan nhiét cia g6 Cam xe theo phuong phéap trinh
bay muc 2.3.3 chuong 2 két qua thé hién phu luc 4, 5 va hinh 3.3, sau khi xt ly
s6 liéu thuc nghiém, tinh todn cac hé sé phuong trinh twong quan. Kiém dinh su

¢ nghia ciia cac hé s6 hoi quy theo chuan Student, kiém tra su twong thich cua
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phuong trinh vé&i két qua thuc nghiém theo chuan Fisher da thu dugc phuong
trinh twong quan nhu sau :

Doc thé : k= - 0,0001.W? + 0,019.W + 0,1995 (3.10)

Ngang thé : k.= 0,0002.W? - 0,056.W + 0,2083 (3.11)

Véi: W = 10 — 40%, W 1a d6 4m (%), ki: k. 12 do dan nhiét doc thé va ngang
thd (W/m.K)
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Hinh 3.3. Mdi quan hé twong quan hé sé din nhiét va d6 am

Hinh 3.3 cho thay méi quan hé 6 am va do dan nhiét cua gdb Cam xe 1a
mot ham bac 2 véi k = f(W) = by + byW + b,W2 (10 < W < 40, by > 0), khi do
am tang thi d6 dan nhiét theo doc thd gd va ngang thé déu tang. Tuy nhién, hé s6
dan nhiét theo doc thd ting nhanh hon theo chiéu ngang thg, két qua nay lién
quan dén dic diém cau tao cua gd, chinh diéu nay khang dinh theo nguyén ly dan
nhiét theo chiéu doc th gd thuan loi vi day la chiéu thg dan truyén nuéc va chat
dinh dudng, nhya nguyén...cho than cdy sinh truong va phat trién, vi vay hoan
toan phu hop vai dic diém cau tric ty nhién cua nguyén liéu go.

Céac nghién ciu hé sé dan nhiét Chen and Lamb [38], Souhila Kadem [96]
cho thdy anh hudng d6 4m cta g nhu sau:

Hé s6 dan nhiét doc tho b [38]:

k, = 4,18 X [G,, x (4,8 + 0,09 x W)0,57] x 105 (3.12)

Hé s6 dan nhiét ngang th gd [38]:
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k, = 4,18 X [G,, X (4,8 + 0,125 x W)0,57] x 1075 (3.13)
k= 2,5 %k, (3.14)
Hé s6 dan nhiét theo chiéu ngang th gd [96]:

k, = ky = Gy (0,1941 + 0,004064W) + 0,01864 (3.15)

Hé s6 dan nhiét theo chiéu doc thé gd [96]:

ky = 2k, = 2k, (3.16)

Véi: W 1a do am (%), G trong lwong riéng go

Theo nghién cau cia Nakaya, Yamasaky, Fukuta va Sasaki, [81] d6 dan
nhiét van nhan tao 1am tir soi gd o gia tri 0,069 (W/m.K) thap hon 5 1an do dan
nhiét doc thd va 2,5 1an ngang thé cua gd Cam xe khi ¢6 am W =10% .

Ba théng sé khdi luong riéng, nhiét dung riéng va hé sé dan nhiét cua gb
Cam xe giit vai tro quan trong la cac théng sé trong phuong trinh truyén nhiét, vi
vay dé giai bai toan truyén nhiét khi sdy chan khong gd Ciam xe can thiét phai
xac dinh gia tri cia cac thong sé nay.

3.2 P6 am b&o hoa thé g6 - Wiersp (%)

Po am bAo hoa hay con goi 1a diém béo hoa thd gb 1a 6 am xéac dinh boi
luong nudéc lién két téi da trong g, no 1a ranh giéi danh dau moi su thay doi vé
tinh chat co ly cua gd, qué trinh thay d6i hinh dang, kich thudc cua gd cling nhu
cudng do chi xay ra khi ¢6 am gd dudi diém b&o hoa thé gd. Boi vai cac loai go
khac nhau diém bdo hoa thd gd khac nhau. Nghién ciu nay di tién hanh thuc
nghiém theo phuong phap da trinh bay ¢ muc 2.3.4 chuong 2 dé xac dinh diém
b3o hoa thé gd Cam xe & diéu kién maéi trudng o nhiét d6 khong khi T = 32°C,
d6 am tuong d6i @ = 75% tai thanh phd H6 Chi Minh, két qua chi tiét & phu luc 6
va duoc thé hign hinh 3.4,
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Hinh 3.4. Két qua xac dinh do am b&o hoa thd gb cua gd Cam xe

Hinh 3.4 thé hién két qua thyc nghiém xac dinh d6 4m b&o hoa thé gd Cam
xe trén 30 mau gd, gia tri do Am bio hoa dat dugc trong khoang 18,14 — 23,07%.
Thdng qua tinh toan xir Iy sé liéu, két qua gia tri trung binh do 4m bdo hoa thé gd
Cam xe dat gia tri Wy,orsp = 20,556%.

3.3 P9 am thing bang (can bang) — Wy (%0)

Do am thang bang (can bang) caa g6 Cam xe trong moi trudng khong khi
duoc xac dinh theo diwa 3 yéu té: d6 4m thing bang cua gd, nhiét d6 méi truong,
d6 am twong d6i moi truong, thé hién biéu do hinh 2.2 muc 2.3.5 chuong 2.
Thong qua biéu d6 xac dinh d6 4m thing bang caa gd tai thanh phd H6 Chi Minh
thoi diém nhiét 6 T = 32°C, d6 am twong d6i khong khi ¢ = 75%, cho két qua
d6 am thiang bang 1 Wy,eeq = 14%.

3.4 P 4m ban dau — W,q\ (%0)

D6 4m ban dau cua gd Cam xe thi nghiém 1a thdng sé quan trong qué trinh
sdy, vi vay can thiét & xac dinh d6 am gd Cam xe truéc khi &p dung qui trinh
say. Thi nghiém xéac dinh gié tri 6 am ban dau duoc thuc hién theo phuong phap
trinh bay muc 2.3.6 chwong 2. Két qua thuc nghiém dat gia tri trung binh Wi,y =
40,36% duoc trinh bay & phu luc 2 va duoc thé hién qua hinh 3.5.
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Hinh 3.5. Két qua x4c dinh d6 4m ban dau cua g6 Cim xe

Hinh 3.5 thé hién két qua thuc nghiém xac dinh d6 4m ban dau Cam xe trén
10 mau gd, gi4 tri d6 4m ban dau trong khoang 39,21 — 41,63%. Thong qua tinh
toan xur ly sb liéu, két qua gia tri trung binh d6 4m ban dau gd Ciam xe dat gia tri
Wyoin = 40,36%.

3.5 Anh hwéng cia @9 Am dén tinh chat nguyén liéu g6 Cim xe

Nguyén liéu gd 1a hé thdng ba trang thai duoc thé hién nhu sau: pha ran
goém c6 phan gd, pha long bao gom nudc tu do va nudc lién két va pha khi bao
gom khong khi va hoi nudc. Phan tich sy can bang cua ba pha nay trong go lam
co s khoa hoc dé xac dinh vé& dong luc cua qua trinh truyén nhiét va thoat am
trong say gd chan khong.

Thé tich cua gd bang tong thé tich mdi pha (Chen, 1997) [35].

Vo =Voa + Vo + V. (3.17)

Trong d6: Vgum: tong thé tich (cm?), Vie: thé tich phan gd (cm®), V,: thé tich
phan tréng (khi) trong gd (cm®), V. thé tich caa nudc va 4m trong gd (cm®)

Phan thé tich g6 (Vo) 6 thé duoc tinh toan nhu (Chen, 1997) [35].

Wwo
Vwo _ Psowo — PuwobaPwa (Cm3) (318)
M Psowo
pwobap wa

Phan thé tich nudc (Vy,) €6 thé dugc tinh toan nhu (Chen, 1997) [35].
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Wwa
d W 3
vV, = - .— (cm 3.19
wa Wwo pwoba 100 ( ) ( )
pwobadwa

Phan thé tich khi (V,) la trang thai x6p (néu hoi nuée khong duoc xem xét)
diéu nay c6 thé tinh toan theo cong thic nhu sau (Chen, 1997) [35].

W
V. o=1- (0,667 +—) (cm® 3.20
a pwoba ( 100) ( ) ( )

Trong d6: pwesa : Khdi lurgng riéng co ban cua gd (g/cm?), pwa : khdi luwong
riéng cua nude (g/cm®), W: do 4m caa gd (%), psowo : khdi lwong riéng phan gd
khéng tinh phan rdng va phan chira nu6c pswo = 1,5 g/cm® [26]

Dua vao cac cong thirc két qua tinh toan cho nguyén liéu g6 Cam xe khi W
= 40% va W = 10% nhu sau:

Pwoba = 0,714 g/cm?® (tai dd 4m 20%)

pwa = 0,99567 =1 (g/cm®) (nhiét do 30°C)

Khi d¢ dm g6 Cim xe W = 40%

Thé tich nguyén liéu gd (pha rin)

_ PuaPua _ 0TI _ 126 (cmd)

p SOWo 1’ 5

V

wo

Thé tich nudc trong gd (pha 1ong)

W 40
V. = .——=0,714.— = 0,286 (cm®
wa pwoba 100 100 ( )

Thé tich phan rong trong gd (pha khi)
W 40
V, =1- p,0pa-(0,667 +——) =1-0,714(0,667 + —-) = 0,238 (cm®
a pwoba ( 100) ( 100) (Cm )

Khi d¢ am 96 Cim xe W = 10%
Thé tich nguyén liéu gb (pha rin)

V — pwobapwa — 07714)(1

o =0,476 (cm°)
pSOWO 1’5
Thé tich nudc trong gd (pha 1ong)

W 10
Vo = —=0,714.— =0,071 (cm®
wa pwoba 100 100 ( )

Thé tich phan rdng trong gd (pha khi)
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W 10
V. o=1- (0,667 + —) =1-0,714(0,667 + —) = 0,452 3
a pwoba ( 100) ( 100) (Cm )

Két qua tinh toan cho su can bing cua ba pha cho gd Cam xe (pyopa = 0,714
g/lcm®) dugc thé hién:
+ Phan trim ctia nguyén liéu gb khong thay doi 47,6%
+ Phan trim cua chd tréng ting khi d6 4m giam, tir 23,8% lén 45,2%
+ Phan trim cta nuéc giam khi do 4m giam, tir 28,6% con 7,1%
Théng qua hinh 3.6 va 3.7 thé hién sy can bing cua ba pha tai do 4m 40%
va 10%. Néu do am cua gd Cam xe vai khéi lugng riéng co ban 14 0,714 thi tai
d6 am W = 40%, phan thé tich am la khoang 0,286 va nguyén liéu go 1a 0,476,
phén tréng 0,238. Didu nay c6 nghia 1a 1 cm® gd Cam xe s& chira 0,238 cm?® phan
réng, 0,476 cm® phan gd va 0,286 cm® phin nude. Nudc bao gém 0,286/2 =
0,143 cm® nuéc lién két va 0,143 cm® nuéc tu do hodc 0,143 gram nudéc lién két

va 0,143 gram nudc tu do.

23,8%

47,6%

Thé tich gd (pha rén) Vwo
® Thé tich nudc, 4m trong gd (pha long) Vwa
Thé tich phéan tréng (pha khi) Va

Hinh 3.6. Phan tram thé tich cac pha trong gd Cam xe khi W = 40%
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45,2%

Thé tich gd (pha rin) Vwo
® Thé tich nu6c, am trong gd (pha 16ng) Vwa
Thé tich phan tréng (pha khi) Va
Hinh 3.7. Phan trim thé tich cac pha trong g6 Cam xe khi W = 10%

Trong say chan khong, ap suat bén trong gd I6n hon &p suit moi trudng
xung quanh, nudc hoa hoi thanh hoi nuéce, dong thoi hoi nude duge dua ra ngoai
bang su chénh léch cua ap suat hoi nudc trong moi truong say. Van dé 1a bao
nhiéu thé tich khi va hoi nuéc s& duoc dua ra ngoai trong sudt qué trinh siy chan
khong.

Néu 1 cm® gd Cam xe dugc sdy tir d6 4m 40% vé do am cubi cling 10%, thé
tich cua khi 12 0,238 cm® tai do 4m 40%. Luong am tai 40% khoang 0,286 gram
va tai 10% thi khoang 0,071 gram. Vi vay téng luong 4m di chuyén khoi 1 cm®
96 12 0,286 - 0,071 = 0,213 gram. Néu lugng nay cua nuéc hoa hoi & nhiét do 1a
50°C, thé tich riéng ctia hoi bdo hoa tai nhiét do nay la khoang 12032 cm®/g (dua
trén bang hot)

Vy, thé tich hoi nuéc 12 : 0,215 x 12032 = 2586,88 cm®. Thé tich nay gap
10869,24 lan thé tich khi trong gd. Néu chi mot lwong nho nudc tu do héa hoi,
thé tich cua no gia tang rat 16n so vai thé tich khi trong go.

Két luan

+ Trong qua trinh sdy chan khong thé tich hoi nuéc ting 1én khi sy hoa hoi
dién ra. Sy hoa hoi dién ra mang hoi am thoat ra ngoai, diéu nay ching
minh dong hoat dong cua chat khi 1a chiém wu thé trong hoat dong giam am
cua go.

+ Hoat dong hoa hoi dién ra theo thir tu ting 16p tir ngoai vao trong, khi qua

trinh hoa hoi dién ra.
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+ CA4c hién tuong vat ly dién ra trong hai viing soi va ving chua s6i bao gom:
qua trinh truyén nhiét, dich chuyén am trong gd véi su bién thién céac thong
s6 nhiét d§, am do.

3.6 Xay dung md hinh vat Iy, xac dinh mé hinh toan qua trinh truyén
nhiét va am trong sdy gé chan khéng
3.6.1 M@ hinh say chan khong g6 Cim xe

Hinh 3.8. M0 hinh say gd Cam xe bang phuong phap siy chan khong
1.Buong sy, 2. Gé Cam xe, 3. Pén hong ngodi,
4. 6ng dan hit chan khéng, 5. Thanh ké (thanh d5)

So d6 md hinh siy gd Ciam xe bang phuong phap siy chan khéng duoc thé
hién hinh 3.8. Hé thong siy chan khdng c6 két cau géom budng siy, hé théng gia
nhiét bang dén hong ngoai va hé théng rit chan khdng, hé thong diéu khién.

G Cam xe (2) do am ban dau Wiy = 40 * 1% dugc xép vao trong budng
say (1), cai dat nhiét do hé théng gia nhiét (3), gd duoc gia nhiét véi su hd trg
cua birc xa hong ngoai. Ap suit bom chan khong cai dit theo nhiét d6 siy dé dat
diém sbi cua nudce trong gd, hé théng van hanh dudi diéu kién ap suat thap phu
hop diém sbi caa nudc, nude trong gé hoa hoi di chuyén ra bé mat gd va khuéch
tan trong buong sy, qué trinh nay dién ra lién tuc cho dén khi d6 am gd giam
dan vé 10 + 1% dat y@u cau sau say.

Pong luc cua qua trinh siy chan khong phu thudc vao nhiét do sy, ap suat
chan khéng bén trong cua budng say va tinh chét vat ly cua gé.

Tai thoi diém dau, sy sdi xay ra trén bé mat va sau d6 di chuyén vao bén
trong tdm thanh gd tc d6 di chuyén phu thudc vao nhiét cung cap va dic tinh

cua gd nhu 1a tinh tham hat va tinh dan nhiét caa gé. Su di chuyén su sdi chia hé

Nguon hong ngoai
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théng thanh hai ving cu thé 1a ving sdi va ving chua sdi. Trong ving s6i, nudc

t6n tai dang hdn hop 12 dang hoi va dang long. (hinh 3.9)

Hinh 3.9. Biéu dién qu4 trinh thoat hoi nudc khi siy gb chan khong

CA4c gia thiét khi xay dwng md hinh toan hec

Mo hinh vat thé say thanh gd ¢6 kich thudc : 20 x 50 x 500 mm, 50 x
50 x 500 mm, 20 x 150 x 500 mm, 20 x 150 x 500 mm, 50 x 150 x
500 mm.

D6 4m ban dau gd Wiy = 40% va nhiét d6 ban dau phan bd dong
déu trong gb, cau trac sinh hoc nguyén liéu 1a cau trac dang ran.

Pha khi 1a hot nude duge xem khi 1y tudng.

Nudc lién két va nudce tu do c6 tinh chat vat Iy nhu nhau.

Céc thong sd nhiét vat 1y, an nhiét hoa hoi ldy trung binh theo nhiét
do.

Truyén nhiét va truyén 4m bén trong thanh g& duoc xem 1a 3 chiéu
theo phuong x, y, z (cin cr mit cit thanh gd chon z: phuong tiép
tuyén, y: theo phuong xuyén tdm, X : phuwong doc thé gd).

Sy phéan bd nhiét 46 va do 4m ban dau cua thanh gd 1a ddng nhét.

Thanh g duoc xem 13 vat lidu xam.
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- Budng sdy trang bi cach nhiét dam bao viéc ton that nhiét ra moi
truong bén ngoai 1a han ché va gan nhu khong dang ké.

- Pé don gian hon cho qua trinh nghién ctru mé hinh toan, bé qua su
thay doi thé tich va hinh dang thanh gd trong qué trinh siy chan
khong.

- Qua trinh sdy 1a qué trinh thanh gb nhan ning lwong ma chu yéu la
nhiét ning tir mot ngudn nhiét (birc xa hdng ngoai)

3.6.2 Xac dinh phwong trinh truyén nhiét va 4m trong qua trinh siy g

M6 hinh qué trinh truyén nhiét, truyén am bén trong budng say bang
phuong phap say chan khong birc xa hong ngoai duoc trinh bay trong hinh 3.10.
Thanh g6 & dang thanh kich thuéc 50 x 50 x 500 mm. TNS c6 nhiét do Ts, bom
chan khong &p suat p (bar) phu hop nhiét do sy, birc xa héng ngoai c¢6 budc
song 1a A, ngudn phat hong ngoai c6 cudng d6 Py, dugce dit ¢ phia trén va phia
dudi cua thanh go.

Qua trinh sy la qué trinh VLS nhan ning lwong ma cha yéu 1a nhiét ning
tir mot nguon nhiét nao dé dé am tir trong long dich chuyén ra bé mat va di vao
TNS. Do d6, QTS la qua trinh truyén nhiét va truyén am xay ra déng thoi. Qua
trinh TNTA xay ra ca & bén trong VLS va giira bé mat VLS véi méi truong TNS.
Bén trong VLS, qua trinh d6 duoc goi la qua trinh dan nhiét va khuéch tan am
hdn hop. Trao d6i nhiét - am giira bé mat VLS véi méi truong TNS 1a qua trinh
trao d6i nhiét - 4m d6i luu lién hop. Vi vay khi phan tich bai toan TNTA trong
QTS phai bao gom bai toan TNTA bén trong va bén ngoai VLS [9], [23].

Ap suat chan khéng

Nguon phat hong ngoai ’ p (bar)
- Cuong d6 birc xa hong ngoai (W/m”)
- Nhiét d6 sy (°C)

Xét trén mot
phan tir

x AN AN AN AN AN AN AN AN AN AN AN AN AN AN A
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Hinh 3.10. So d6 md ta mé hinh vat ly qué trinh sy gd Cam xe

Khi nghién ciu qué trinh TNTA can phai xem xét dén céc yéu té anh huong
cua dan nhiét dén khuéch tan am va nguoc lai. Trong QTS, muc tiéu 1a cap nhiét
dé tao ra dong dich chuyén am nén can xét dén anh huéng caa dong dich chuyén
am dén dong nhiét. Truyén nhiét birc xa c6 diém khac biét so véi truyén nhiét ddi
Iwu trong viéc thiét lap phuong trinh truyén nhiét 1a c6 xét dén buc xa nhiét thong
qua hé sé buc xa nhiét khi xay dyng diéu kién bién cua bai toan vé truyén nhiét
va truyén am.

Thiét 1ap phwong trinh truyén nhiét

Qué trinh truyén nhiét bao gom dan nhiét bén trong vat liéu va trao doi
nhiét gitra bé mat vat liéu va TNS bang bic xa dong nhiét tir nguon buc xa hong
ngoai truyén dén VLS duoc VLS hip thu trong toan bo thé tich.

Dua trén dinh luat bao toan ning luong ta c6 phuong trinh can bang nhiét

cho phan t6 vé cting nho cua vat liéu say (hinh 3.11) xét trén phuong z duogc viét

nhu sau:
YE; =Y Epn—XEou (3.21)
Qu=0Q;+ Qm+ Qini— Qs+ (3.22)
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Hinh 3.11. Can bing nhiét trong mot phan tir v cling nho
Trong do:
+ Q, va Q,.q, 12 nhiét luong vao va ra cua phan t vo cling nho tai vi tri z va

z+dz , theo dinh luat Fourier duoc tinh nhu sau:

Q; = —ky Z—Zdydx (3.23)
oT 0 oT
Quraz = Qs + dQ; = |~kp 2 + = (—k, 2) dz| dydx (3.24)
+ Qp, 1 nhiét luong can thiét cip cho am bién d6i pha tir long thanh hoi
trong VLS.

Nhiéu nghién ctu hién twong TNTA trong QTS thudong khong xét dén anh
huong cua dd am dén hién twong dan nhiét. Tuy nhién, trong QTS, muc dich
chinh 1a cip nhiét d¢ am trong vat liéu bién d6i pha tir 16ng thanh hoi va tao ra
dong khuéch tan am tir trong 10ng VLS ra bé mit bién va tai bién s& xay ra qué
trinh trao d6i nhiét - am ddi luu giira cac phan to thudc bién va TNS.

Trong phuong trinh truyén nhiét mot sb tac gia da xét dén hién twong
khuéch tan am anh huéng dén trudong nhiét do, két qua cho thay mé hinh toan khi
xét dén hién tugng nay c6 do chinh xéc tét hon [19]

Trong nghién cau nay, VLS la g6 Cam xe c¢6 d6 am ban dau khoang 40%
nén anh huong cia dong am dén hién twong dan nhiét can dugc xem xét, do d6
trong phuong trinh truyén nhiét nghién cau xét dén hién twong khuéch tan am
anh huong dén truong nhiét do thong qua nhiét luong can thiét cap cho am bién
d6i pha tir 1ong thanh hoi trong VLS va Q,, duoc tinh theo biéu thic (3.25).

oW aT
Qm = DpwoaryCp Py dxdydz (3.25)

Trong phuong trinh (3.25) ¢6 D (kJ/kg), pwodry (kg/m*), W (kg 4m/kg VLK)
lan luot 12 hé sb khuéch tan am, khéi luong riéng cua vat liéu khd, nhiét dung
riéng cua vat liéu siy va am do cua vat liéu.

+ Qpin 12 ning lugng cung cap cho qué trinh hoa hoi goi 1a 4n nhiét hoa hoi

Qnin = —m,Ahdxdydz (3.26)
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+ Q, 1a d6 bién thién noi ning trong phan t6 sau khoang thoi gian dt va
duoc tinh theo cong thuc.
ar
Qu = CpPwo dedydz (3.27)
Thay thé cac phuong trinh tir (3.23) + (3.27) vao (3.22), ta c6 phuong trinh

truyén nhiét duoc viét nhu sau.

aT aT ow aT
CpPwo ET dxdydz = —k, 2 dydx + DpyoaryCp a7 92 dxdydx
—m,Ahdxdydz — (|~ky 5= + = (—k, 5) dz| dydx) (3.28)
RUt gon phuong trinh (3.28) ta duoc:
oT a%T ow aT
Cppwo E = kp E + Dpwodrpr ;5 - vah (329)
Tong hop trén 3 phuong x,y,z phuong trinh (3.29) ta duoc:
Gy T2 (kT 2 (1, T 24, )
ot oXx OX oy oy oz oz
+D poy Co QW OT QW OT oW OT)
0z 0z oy oy OX oOX (3.30)

Thiét 1ap phwong trinh truyén am

Theo A.V LuiKov thi gradient nhiét do s& gay nén sy khuéch tan am trong
vat thé [23], [79]. Tuy nhién, véi VLS la thanh gd Cam xe, day 1a gd chaa nhiéu
dau nhya trong cac dng mach, gay kho khian qué trinh thoat am trong qua trinh
say nhiét 6 cao khi dau nhya chay ra bit cac duong thoat am, khi say chan
khong & nhiét o thap dé dam bao qué trinh thoat am thuan loi, han ché san sinh
khuyét tat co rdt, cong vénh gd. Nghién ciu say trén mot sé mic nhiét do va lya
chon nhiét d6 siy thuc nghiém l1a 50°C dé kiém chang. Cac nghién cau cua
Erriguible, Bernada, Couture, Roques [44], [45], Lili Zhao, Zhijun Zhang, Shiwei
Zhang, Wenhui Zhang [72], Slye [95], Time [99], Yan Yang, Jianxiong Lu,
Chunlei Dong, Tianyi Zhan, Jinghui Jiang, Bei Luo [109], nghién citu dong am
trong qué trinh siy va anh huéng caa dong nhiét dén qua trinh khuéch tan am 1a
khong dang ké, do d6 trong phuong trinh truyén am bo qua anh huong cua dong

nhiét d¢én khuéch tan 4m. Phuong trinh nay c6 dang
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23R

ot ax ) oyl oy )\ ) puy (3.31)

Trong do:

pwo  : khdi luong riéng gb Cam xe (kg/m®)

Cp - nhiét dung riéng gé Cam xe (J/kg.K)

T - nhiét d6 say (K)

t : thoi gian say (phut)

Ki : hé s6 dan nhiét theo phuong doc thé gd (phuong x) (W/m.K)

K, : hé s6 din nhiét theo phuong ngang (tiép tuyén va xuyén tam go -
phuong y va z) (W/m.K)

m, :tdc dd bay hoi cia nudc trong gd (kg/m®.s)

D  :hésbkhuéch tan m (m?/s)

Pwoary - Khi lwong riéng g kho kiét (kg/m®)

Ah  :an nhiét hoa hoi (J/kg)

Cwa :nhiétdung riéng cua nuoc (J/kg.K) hoac (Kgm/KQairdry)

W :dd am gd (biéu thi lugng nudc chaa trong gé) (% hoic (kgm/KGwodry))
y : chiéu rong gd - phuong tiép tuyén gd (mm)

z : chiéu day g6 - phuong xuyén tim gb (mm)

: chiéu dai gd - phuong doc thd gd (mm)

x

Piéu kién don tri dé giai bai toan truyén nhiét truyén am

Dé giai duoc hé phuong trinh truyén nhiét va truyén am can phai xac dinh
dugc diéu kién ban dau, diéu kién bién phd hop véi phuong phap siy va ting
diéu kién cu thé nhu sau:

Diéu kién ban dau

G6 duoc gia nhiét theo phwong thirc truyén nhiét bic xa hong ngoai trong
moi truong chan khéng (ap suat thap). Trong md hinh truyén nhiét va am, ranh
giéi nguon birc xa nhiét chan khong va gd duoc biéu dién bang céach sir dung diéu

kién bién. Tai thoi diém t = 0 trén truc x, gd dat d6 4m ban dau W = Wy Va T



80

nhiét d6 ban dau cua gdb Cam xe trudc khi dua vao trong budng say. Po am va
nhiét d6 ban dau thi dwoc gia dinh 1a ddng bo.

T=Tokhi t =0 (3.32)

W =W,onkhit =0 (3.33)

Piéu kién bién truyén nhiét

Qua trinh trao doi nhiét tai bé mat cua VLS theo phuong z bao gdm cac qué
trinh dan nhiét, trao doi nhiét ddi luu va bic xa gitra cac phan tir bé mat va TNS,.
Ap dung phuong trinh bao toan ning luong tai mat bién cia VLS, ta c6 phuong
trinh (3.34 — 3.37).

Trén 16p mat

oT
[k _j = hR(TR _TS)Z:H +h (TR _TS)Z:H
BZ z=H

= 20y(T, +To (T2 +T 2% [T, —T.)+h(T, - T.)

= 20, (T4 —Td)+h(T, = T,) (3.34)
(k ﬁj = h(TR _Ts)
Y )ye (3.35)
oT
- kl_ zh(TR _Ts)
( oX J oL (3.36)

Lép trung tm
(S bl )
OX oy 0z (3.37)

Piéu kién bién truyén am
Qua trinh trao d6i chét tai bé mat cia VLS theo phuong z bao gdm cac qué
trinh trao doi chat giita VLS va moéi truong. Ap dung bao toan am tai bé mat cua

VLS ta c6 phuong trinh (3.38, 3.39)

D(% —h W, D[aWJ h W, D(aw) h W,
0z oy OX (3.38)
D[aw -0 D(aw) 0 D(MJ:O

0z oy OX (3.39)

Trong do:
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g : hé sb phat xa cua vat xam (con goi do den)
oo= 5.67x10° (W/.m*.K*) hing sé Stephen Boltzmann

Tr : nhiét d6 ngudn buc xa (K)

Ts : nhiét do bé mat gd nhan nhiét bac xa (K)
hg : hé sb truyén nhiét birc xa (W/m%.K)

h - hé sb trao ddi nhiét (W/m%.K)

hm - hé s truyén am (m/s)

Wyes :d6 am bé mit gd nhan nhiét bac xa (%)

Wioeo : d6 am cn bang (thing bang) (%)

Céc phuong trinh (3.30, 3.31) mé ta qua trinh truyén nhiét - truyén am trong
qua trinh sdy. Loi giai cua hé phuong trinh sé gitp xac dinh duoc nhiét d va do
am tai c4c thoi diém khac nhau.

3.7 Giai md hinh todn quéa trinh truyén nhiét va truyén am trong say
chan khéng gé Cim xe

Pé giai phuong trinh truyén nhiét khéng 6n dinh theo thoi gian bang céac
phuong phap giai tich, ki thuat tach bién, cac ham d6i bién...da s dung. Tuy
nhién trong thuc té c6 thé gap cac bai toan nhiét trén cac vat thé ¢ ciu tric da
dang va cac diéu kién bién phuc tap...vi vay diéu nay dan dén viéc phat trién mo
hinh phuong phap sb ra doi dé giai cac bai toan truyén nhiét thuc té va truyén

nhiét trong sy gd 1a mot dién hinh trong thi nghiém nghién ctu.

8( aTj 0 oT 6( 8TJ
—| k= |+=| k,— |+—| k, —
OX\_ ox) oy oy ) oz 0z

WL WL W) Cop E-mah=0  (3:40)
OX Ox oy oy 01 01 ot

+ D pwodrwaa[

wo ~ wop

W _v(ovw)-

ot pwodry (341)
Ap dung phuong phap Galerkin [24], [25] nhiét d6 dugc roi rac theo khong

gian nhu sau:

T(x,y,2,t) = Y= Ni(x,y,2)T;(t) (3.42)
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& day, N; [a ham noi suy nhiét do theo nhiét d6 cac nit, cling la ham ndi suy
toa do, n 1a s6 nit trong mot phan tir, va Ti(t) 12 nhiét do tai mdi nat phu thudc
thoi gian. Ti(t)

0 oT 0 oT 0 oT
J‘N &(kx(T)&jJr5[ky(T)Ej+§(kz(T)Ej

dv =0
oW a1 8W ar 8W oT oT
D Ah —
+ pwodrycwa( a 6X 8y ay 62 62) m pwocwop a
(3.43)
Ap duyng tich phan tiring phan 3 s6 hang dau cua (3.43) nhu sau:
S6 hang dau
0 oT oT oT
N.—| k(T dv=|N dxdydz=| N,d dydz
Vax[()axj I( )aJ vez=| ( )ajy
= [N, ( ) jd dz- | ( il de dydz (3.44)
Syz 8
j N. ( jds j k(T aT N, =i dxdydz
ax OX

Hai s6 hang con lai bién d6i tuong ty va phuong trinh (3.43) s& thanh nhu
Sau

y (T)aN a (T)aN aT kZ(T)aN ar
'[ OX OX oy ay 0z oz
*| N,Dy o Wa(aM or oM T oM T

OX OX oy oy 07 0z

dVv
oT

j+N m,Ah + N;0,,C0p — .

aT

Nk, (T)=—1dS, + [ N,k —mdS Nk, (T —ndS =0 3.45
#5105, + [k, (T) | (3.45)
Tir diéu kién bién (3.34), (3.35, 3.36, 3.37)

j Nk, (T)<-nds, = j N,e.0, (T T4 XS, j N,h(T, -T,, )dS, (3.46)

2

jNikX(T)g—Tldsz :—jN h(T, =T_, )ds,

5, X (3.47)
jNiky(T)%ldsz jN h(T, —T_ )dS,

S

52 (3.48)
Tir (3.43) viét nhiét do theo thoi gian cho céc nat ky hiéu j 1a
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T(x,y,z,t)= Zn: N, (%, y,2)T(t) (3.49)

V6i N;j la ham noi suy theo thoi gian tai cac nut
Pao ham nhiét do theo thoi gian

T N.
Thay (3.46, 3.47, 3.48), nhiét d6 (3.49) va dao ham theo thoi gian (3.50) vao
(3.45) sé dugc

(3.50)

N, ON, N,
i)+ kz(T)E .

N, N, oN,
—_V[ k, (T)=— Y Tj(t)+ky(T)E

j(t)}dv
oM oT oM aT oM aT

_I -N, Dlspwodry wa(
i OX ax oy ay 0z oz
- j N, .£.0y (Td =T J8S, - [N;h(T, T, )ds, =0 (3.51)

2 SZ

—jNhT ~T,, )dS, =0

j NjN,m Ah}dv

—J'NhT ~T,, )dS, =0

O day, i va j 1a cac chi s6 dai dién cho cac nut

Do nhiét @6 tai cac nut 1a khong ddi nén dwa ra khoi tich phan, sap xép lai sé

duoc
N, oN,
{j{n(ﬂ%ﬁ' i 1) )2 T )
N;N ;-Dyc Puody Cua 0V oMaT, 1) =— NiN.mVAh. Y (3.52)
Y oxot .
—jNgao( ~T2 ), 3INhT Tsw)ols2
bit
[K]z{j{kx(ﬂa@ﬁ a(;\:( +ky(T)%%+kz(T)aaNz agz }dV} (3.53)

[c]= D NN, .DlspwodrycwadV} (3.54)
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{f}=—[[N;m,ahlv

' 3.55
—jNgao(T“ T/ XS, 3INhT T, )ds, (3:53)

C4c tich phan trén cac phan tir 12

[<]=[e] [OIBlav (3.56)
Cl=[pc,[NT[N]av (3.57)

=—[mah[NT Vv - [e0, (T4 -T2 INT ds, ~3[h(T, T, IN] dS,  (3.58)

S, Sz
Phuong trinh (3.52) tré thanh

[ o, INTINV i 2+ 18] DBk |fT}-
el B

\

~[(m, Y INT aV — [ 2.0, (T -T2, INT ds, —3j h(T, -T,, INT ds,
v 5, 5, (3.59)

Phuong trinh ma tran dic trung duoc viét gon ¢ dang sau

e} T limi=1e @50)

Tuong ty phuong trinh truyén nhiét, 4p dung phuong phap Galerkin am do
duoc roi rac theo khong gian nhu sau:
W(x,y,z,t) = Xy Ni(x, y, 2)W; (6) (3.61)
N; 12 ham noi suy am do theo am d6 cac nit, cling 1a ham ndi suy toa do, n 1a sd
nGt trong mot phan tir, va Wi(t) 1a am do tai mdi nat phu thudc thai gian Wi(t).
Ap dung tich phan tiring phan cia (3.62) nhu sau:

[N, a(Daﬂj E(Daﬂ}r a[awj AL Y
v OX OX oy oy oz\ oz Podry
2+_[NiDaW jN DM nds, =0
5, oy oz

+jNiDﬂ|ds
S X (3.62)

Tir diéu kién bién (3.38), (3.39)
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_[N D—des jN DE mds, + jN D—ndS ——INithSdSZ

(3.63)
Tir (3.61) viét am do theo thoi gian cho cac nat ky hiéu j 1a
W(x,y,z,t) =Y N(xy,2JT,(t) (3.64)
=L
Vi N; la ham nai suy theo thoi gian tai cac nat
DPao ham am theo thai gian
W ON,
W _n, N (3.65)
ot ot

Thay (3.63), am d6 (3.64) va dao ham theo thoi gian (3.65) vao (3.62) s& duoc

[N, E(D%)+£(Dﬂ]+a(a\/\/} T lav
v OX OX oy oy oz\ oz Puodry

pwodry

—jNithSdSZ =0

O day, i va j 1a cac chi sb dai dién cho cac nat
Do am do tai cac nat 12 khong d6i nén dua ra khoi tich phan, sip xép lai s& duoc

{I{D(SN ON; | N N, CoN, N, }dv}{wj()}:j—Ni m

v OX aX oy 8y oz 0z Vv Pwodry (367)
- [N;h,w.ds, =0

bat
ON, ON, ON.
[K]= j pMN T | N Ty | N T gy (3.68)
v OX OX oy oy oz 0z
[C]=| [-N,——dv (3.69)
Vv pwodry
=—[N;h,W,ds, (3.70)

Céc tich phan trén cac phan tir 1a
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[K]=[[8] [DIBav (3.72)
[c]=] [NT[N]av (3.72)
{t}=—N;h,W,ds, =0 (3.73)

5,
Phuong trinh 3.67 trg thanh
oW T
[j [NﬂN]deEHj[B] [D][B]dV}{\N}:— [N;hWds, (3.74)
\Y] \ S,
Phuong trinh ma tran dic trung duoc Viét gon & dang sau

e} Ol =1} @75)

ot

3.8 Két qua giai md hinh toan théng qua mé phéng qua trinh truyén
nhiét, truyén am trong siy chan khong gé Ciam xe

Str dung phan mém COMSOL Multiphysics dé giai cac hé phwong trinh
theo lwu d6 thuat toan hinh 3.12 (chi tiét thé hién phu luc 10, 11,12, 13)

Thong qua luu d6 hinh 3.12 thé hién chi tiét cac budc thuc hién giai hé
phuong trinh bang phuwong phap sd dong thoi md phong qué trinh truyén nhiét,
truyén am thdng qua hinh anh, d6 thi mot cach tryc quan. Két qua cua hé
phuong trinh thé hién méi quan hé giira cac thong sé nhiét vat ly vao dién bién
qua trinh say chan khong gd Cam xe.

Trong d6 gia trj cac thdng sé co ban chinh 1a gia tri tai cac diém nat khi giai
hé phuong trinh truyén nhiét va dich chuyén am trong qué trinh sdy gd chan

khong. Gia tri bién cua mién tinh toan duoc lay két qua tir thuc nghiém say gd

Nhap céc bién mién
vat ly

Nhap cac gia tri bién
vat ly

Giai phuong trinh
truyéen nhiét, truyén am
(3.31, 3.32)

I

chan khong.

Két qua khong phu
hop, tién hanh nhap lai
cac dit liéu dau vao
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Hinh 3.12. Luu d6 thuat toan giai phuong trinh truyén nhiét va truyén am

Két qua bang 3.1 thé hién théng qua thuc nghiém va ké thira céng thirc tinh
toan céc gia tri nhiét am caa nguyén lidu gd Cam xe va moi truong say. Cac gia
tri dat duoc 1a théng sé quan trong trong viéc giai mé hinh toan dé mé phong qua

trinh truyén nhiét va truyén am trong say g Cam xe bang phuong phéap sy chan

khong.
Bang 3.1. Bang gia tri cac thong s6 nhiét am
Stt | Thong s6 Gia tri Ghi cha
01 [Heé sé dan nhiét gd | k, =0,733 (W/m.K) khi W = 40% Thyc nghiém
Cam xe k. =0,304 (W/m.K) khi W = 40%
ki = 0,0122.W + 0,267 (W/m.K)
k.= 0,0043.W + 0,1096 (W/m.K)
02 | Nhiét dung riéng gd | Cwop = 1884,05 (J/kg.K) khi W = 40% Thyc nghiém
Cim xe Cuop = 8,082.W + 1567,2 (J/kg.K)
03 | Khoi lwong riéng go | p, = 1,084 (g/cm®) khi W = 40% Thyc nghiém
Cam xe oo = 0,0068.W + 0,7875 (g/cm?
04 | Khoi lugng riéng kho | , =0,788 glcm® Thuc nghiém
kiét cia gd Cam xe
05 | Kich thuéc thanh g Day :H; =20 (mm), H, =50 (mm) Thuc nghiém
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Rong : B; =50 (mm), B, =150 (mm)
Dai: L =500 (mm)

06 | Hé sb khuéch tan am _ Siau J.F .(1984
¢ 56 khué a D—710° exp[_ 9200 70Wj (1984)
RT  J(m?s) [94]
07 | An nhiét hoa hoi Ah=2,792.10° —-160.T —3,43.T2 (J/kg) Stanish, M.A.;
Schajer, G.S.;
Ah = 2382115 ,086J / kg = 2382,115kJ / kg Kayihan, F.A
(1986) [97]
Hé s6 truyén am ~h, _h, DynLe S. Sandoval-
" poc.lett K, Torres (2011)
08 K Y (m/s) [101], Yan Yang,
he Dy | Coopr (2016) [109],
== kk'kb - blebb Zhengbin He
i (2016) [115]
09 | Hé sd Lewis ay A S. Sandoval-
Le = 5 oD ¢ Torres (2011)
P-Baver bp [101], Yan Yang,
(2016) [109],
Zhengbin He
(2016) [115]
10 | Hé so trao doi nhiét h = 3209,07 — 15,38T + 2893,23InP + | Zhengbin He,
0,392T2 + 905,34(InP)? — 3.713TInp — | £1an Zhao, Yu
Zhang, Huan
2,62.1073T3 + 91,885(lnP)2 + Lv, Song"n Yi
1,7.1073T2InP [114],
mAh
h=—r——
A(T —Ty)
11 | Khéi luong riéng cua | p, =11614kg /m® ~1kg /m? Chen (1997) [35]
khﬁng khi P, =4,06.10"T +6,86.10"
T=50=> p —19,9738.10°%2
12 | Ap suat bdo hoa ez Chen (1997) [35]
P, =8,75.10%¢ T
13 | Khoi luong riéng cua | p,, .. =10°%exp(-46,49+0,26179.T Stanish va cong
hoi nuéc bdo hoa | —5,0104.10°T?+3,4712.107°.T3) su (1986) [97]
nhiét do tir 27 dén
200°C
14 | Toc do bay hoi m, =0,04075v°% (p,, — p).A Chen (1997) [35]

=0,04075.0,5°%(0,015-0,012).0,81
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m, = 3,588e-4 (kg/m®.s)

15 | Nhiét d6 sy Nhiét d6 T = 50°C = 323,15(K) Theo thuc
T=T°C + 273,15 = T(K) nghiém
16 | Hang sb Stephen 00 = 5,67.10° W/m*K*
Boltzman
17 | Hang s6 khi Iy twong | R = 8,314 kJ/kmol.K

Cam xe 1a nguyén lidu dugc sir dung nhiéu trong gia cong cac san pham noi
that chu yéu dung trong san xuat : van san, cau thang, khung cua, ctra di, cira so,
ban ghé, giwdng ti va mot s6 van dung khac nén cac qui cach chiéu day va chiéu
rong thuong st dung nhu sau: 20, 50, 150 mm....Pay ciing chinh la 1y do ma
nghién ciu tap trung md phong qué trinh truyén nhiét, truyén am trén mot sé
dang cac kich thudc 20, 50, 150 mm...

Phuong trinh truyén nhiét va am da mé ta dién bién qua trinh thay doi nhiét
d6 va am do trong qua trinh sy chan khdng gd Cam xe. Két qua giai bai toan
truyén nhiét va am théng qua md phong s& gop phan tién doan vé mat ly thuyét
dién bién thay d6i nhiét va am trong gd xay ra trong sudt qua trinh say. Bén canh
d6, dé kiém nghiém do tuong thich ctia phuong trinh toan so véi thuc té, dé tai
tién hanh budc tiép theo 1a thuc nghiém. Tur két qua thuc nghiém duoc so sanh
véi ly thuyét dé kiém chang mé hinh toan, théng qua thi nghiém xac lap ché do
say phu hop cho nguyén liéu g6 Cam xe khi ap dung phuong phap sdy chan
khong hong ngoai.

3.8.1 Két qua md phéng truyén nhiét mau gé 20 x 50 x 500 mm

Pé tai tién hanh giai hé phuong trinh toan truyén nhiét va truyén am bang
phuong phap s6. Tir két qua dat dugc xac dinh su phan bd nhiét, am do trong qué

trinh sdy chan khong gé Cam xe. Két qua thé hién qua mé phong va do thi.
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(@) (b) ©
Hinh 3.13. M6 phong nhiét dd mau gb 20 x 50 x 500 mm thé hién toan thanh (a)

va mit cit doc (b), mat cit ngang (c) thanh gd tai thoi diém t = 5 phut

p———
@ 0 o

Hinh 3.14. M6 phong nhiét do mau gd 20 x 50 x 500 mm thé hién toan thanh (a)
va mit cat doc (b), mat cit ngang (c) thanh gd tai thoi diém t = 15 phuat
Hinh 3.13 m6 phong dién bién nhiét d6 trén mat cat doc, ngang va mau go

say chan khéng kich thuéc 20 x 50 x 500 mm, qua hinh anh mé phoéng cho thay
nhiét d6 xuat hién trén bé mat gd truéc, trong tdm thanh gd van chua co su xuat
hién tang nhiét d6. Dé thé hién nhiét thay doi theo chiéu day thanh tién hanh mo
phong trén mat cat ngang Oyz (hinh 3.13 c), nhiét 6 trén mau gé Cam xe trén bé
mat va bén trong mau gd va cd su thay doi sau thoi gian 5 phit say.

Hinh 3.14 m6 phong dién bién nhiét d6 trén mau gd va mit cat doc, ngang
khi sdy chan khdng gé Cam xe kich thudc 20 x 50 x 500 mm thoi diém 15 phut,
qua md phong cho thay nhiét do trén bé mit ngoai bit dau xam nhap sau vao bén
trong tm mau gd theo phuong y — phuong xuyén tim va phuong z — phuong tiép
tuyén. Thong qua md phong thé hién nhiét d6 mau gé c6 su khéac biét thoi diém 5
phat va 15 phdt, qué trinh dan nhiét trong mau gd phu thudc va hé s dan nhiét,
hé s6 dan nhiét phu thudc vao 6 am gd, khi do am gd cang lon, hé sé dan nhiét
cang cao, diéu nay Iy giai vi sao nhiét do ting nhanh trong giai doan dau khi siy

go chan khong.
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Point Graph: Temperature (K)

(K)

Temperature
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—+— Céch mit gd 2 mm
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. @ , (b)
Hinh 3.15. D6 thi thé hién dién bién nhiét () céc vi tri (b) bén trong mau

g6 kich thudc 20 x 50 x 500 mm

Hinh 3.15 mé ta din bién cua duong cong nhiét do say tai séu vi tri (hinh

25

3.15 b), cac vi tri tir mat go vao tam, cac vi tri cach nhau 2 mm. D4 thi thé hién
trong khi nhiét d6 ting nhanh nhat vai vi tri mat gd, mat tiép xdc nhiét dau tién.
Dic biét dudng cong nhiét d6 ting theo thoi gian hudng dén nhiét do sdy. Céc
duong cong nhiét do say cung chung hudng ting, khi vi tri cang gan mat gd thi
nhiét d6 nhanh dat nhiét 6 sdy, cang xa mat gd nhiét d can nhiéu thoi gian hon.
Theo két qua mé phong cac vi tri trong mau gd cach déu nhau 2 mm, trén do thi
dién bién nhiét cho thiy khoang cach giira cac duong cong nhiét bién thién co su
khac biét rd rét, cac dudng cong nhiét gan thm cé khoang cach gan nhau, cang xa
tam khoang cach cang I6n. Két qua md phong co thé dung dé du doan céc gia tri
bién thién nhiét do trong mau g dién ra trong qué trinh say chan khong.

3.8.2 Két qua md phéng truyén nhiét mau gé 50 x 50 x 500 mm

Thong qua md phong thé hién hinh anh nhiét xdm nhap nhanh chéng khap
thanh gd tiang dan theo thoi gian thé hién qua hinh 3.16 va 3.17. Nhiét d6 bat dau
tang dan tir ngoai vao trong.

Hinh 3.16, 3.17 m6 phong dién bién nhiét o trén mau gd va mat cit doc,
ngang khi sy chan khong kich thudc 50 x 50 x 500 mm thoi diém 15 pht va 35
phat, thdng qua md phong cho thay nhiét do trén bé mat gd bat dau xam nhap sau

vao bén trong tdm thanh gé theo phuong y — phwong xuyén tdm va phuong z —
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phuong tiép tuyén. M6 phong thé hién nhiét @6 mau gd khi say chan khéng cé sy
khac biét thoi diém 15 phut va 35 phut, didu nay thé hién dién bién nhiét d6 mau
g6 thay d6i theo thoi gian, qué trinh din nhiét trong mau gé phu thudc vao d6 am
g, hé sb dan nhiét. Khi d6 am gd cang Ion, hé s6 dan nhiét cang cao, dién bién
nhiét nhanh, diéu nay gop phan gia ting nhiét hd trg nuéc trong gd hoa hoi,

khuéch tan ra ngoai gop phan Iam giam do 4m trong qua trinh say.

!

sl _ ~Lox -

. ‘
306 308 310 312 314 316 318 320 322

(@) 0 ©
Hinh 3.16. M6 phong nhiét d6 mau gd 50 x 50 x 500 mm thé hién toan thanh (a)

va mit cit doc (b), mat cat ngang (c) thanh gd tai thoi diém t = 15 phut

T

2 (b) ©
Hinh 3.17. M6 phong nhiét d6 mau gd 50 x 50 x 500 mm thé hién toan thanh (a)

va mit cat doc (b), mat cit ngang (c) thanh g tai thoi diém t = 35 phut
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Point Graph: Temperature (K) o

Temperature (K)
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—&— Cach mit gd 20 mm | |
—&— Céch mit gd 15 mm 15

Cach mat gd 10 mm | J
—+— Céch mit gb 5 mm

Mit gb

L L L L L
20 30 40 50 60 o - .
Time (min) [+] 10

@ , (b)
Hinh 3.18. D6 thi thé hién dién bién nhiét () céc vi tri (b) bén trong mau

g0 kich thudc 50 x 50 x 500 mm

Hinh 3.18 mé ta dién bién dudng cong nhiét do séy tai sau vi tri, tir mait gb
vao tam, khoang cach giita cac vi tri 5 mm trén mau gd kich thudc 50 x 50 x 500
mm. Do thi thé hién nhiét d6 ting nhanh nhat vi tri mit gd, bé mat tiép xuc nhiét
dau tién sau d6 vao bén trong tdm thanh gd. Cac duong cong nhiét do ciing chung
hudng ting, cac vi tri 1a cach déu nhau 5 mm tuy nhién c6 sy khac biét phan b
nhiét trén cac duong cong, duong cong nhiét c¢6 vi tri gan tim khoang cach cang
nho, cang g?m vi tri mdt khoang cach cang 16n. Tai vi tri bé mit g5 thi nhiét do
taing nhanh nhat chi vai phut 14 dat nhiét d6 siy, cang xa mat gd can nhiéu thoi
gian hon, dic biét vi tri tim gd khoang 60 phut sau m&i dat nhiét d6 siy. Két qua
tinh toan tr mo hinh thé hién dién bién qua trinh tang nhié¢t do cac vi tri trong
thanh gd, gop phan du doan nhiing dién bién thay doi ciia nhiét d thanh gd dién
ra trong qua trinh say gd chan khong.

3.8.3 Két qua mé phéng truyén nhiét miu gd 20 x 150 x 500 mm

M6 phong sdy gb chan khdng kich thuéc 20 x 150 x 500 mm thé hién chi
tiét qua trinh truyén nhiét trong g theo thoi gian théng qua hinh 3.21, 3.22.
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\I:A.

313 314 308 316 318 320 322

- (a),, — (ub) ——— .
Hinh 3.19. M6 phéng nhiét 6 mau gb 20 x 150 x 500 mm thé hién toan thanh

(a) va mit cit doc (b), mit cit ngang (c) thanh gd tai thoi diém t = 5 phut

(a) (b) ()
Hinh 3.20. M6 phong nhiét @ mau gd 20 x 150 x 500 mm thé hién toan thanh

(a) va mit cit doc (b), mit cat ngang (c) thanh gd tai thoi diémt = 15 phat

Hinh 3.19, 3.20 thé hién dién bién thay doi nhiét d6 trong qua trinh say. Khi
qua trinh sdy bat dau, nhiét do trén bé mit gd ting nhanh chéng va két qua tao
diéu kién su bay hoi pham vi rong, su truyén nhiét khong nhitng dién ra trén bé
mat con xam nhap vao bén trong mau gd. Vi vay, mot phan nhiét can dé nuéc
bay hoi va mot phan cung cap cho chinh thanh g xam nhap vao sau tim gé. Qué
trinh say tiép dién, nhiét d6 cua gd ting dan dan cho dén khi dén gan nhiét do
say.

Hinh 3.21 md ta sy tién trién cta duong cong nhiét do tai sau diém (thé hién
hinh 3.21 b) cho miu gd kich thudc 20 x 150 x 500 mm. C6 thé thay rang nhiét
d6 tang nhanh trén bé mat gd sau vai phut dat nhiét 46 siy. Tuy kich thudc chiéu
rong dugc gia ting tir 50 mm 1én 150 mm, nhung duong cong nhiét thé hién
khong c6 su khac biét, mat ngoai dat nhiét do sdy sau vao phat, tam gd dat nhiét
d6 sdy sau 25 - 30 phat. Diéu nay thé hién dién bién nhiét phu thudc vao kich
thuge chiéu day ma khong phu thude va kich thudc chiéu rong gd. Pay 1a yéu to

quan trong gop phan quyét dinh thoi gian sy va chat luong gd sau say.
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Point Graph: Temperature (K)

lemperature (k)
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(a) (b)
Hinh 3.21. 6 thi thé hién dién bién nhiét (a) cac vi tri (b) bén trong mau
g0 kich thuéc 20 x 150 x 500 mm

3.8.4 Két qua mé phéng truyén nhiét mau gé 50 x 150 x 500 mm

Két qua mo phong thé hién nhiét 6 mau gd kich thudc 50 x 150 x 500 mm
tang 1én sau thoi gian gia nhiét, cac vi tri ngoai nhan duoc nhiét dau tién, qué
trinh dién bién ting nhiét do thé hién qua hinh 3.22, 3.23.

Két qua cho thay hinh 3.22, 3.23 thé hién mé phong qua trinh truyén nhiét
trén mau gd & hai thoi diém khac nhau, tai thoi diém 15 phat va 35 phat. Két qua
truyén nhiét thé hién dién bién qua trinh truyén nhiét trong mau gd khi sy chan
khong. Su khéc biét ¢ mo ta nhiét di chuyén trong mau gé tir mat ngoai vao tam
6. Két qua so sanh nay co thé gép phan dy doan qua trinh truyén nhiét trong say

g chan khong.

o

¥

(a) (b) (©)
Hinh 3.22. M6 phéng nhiét d6 mau gd 50 x 150 x 500 mm thé hién toan thanh

(a) va mit cit doc (b), mit cit ngang (c) thanh gd tai thoi diémt = 15 phut
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Hinh 3.23. M6 phong nhiét d6 mau gd 50 x 150 x 500 mm thé hién toan thanh

(a) va mit cit doc (b), mit cit ngang (c) thanh gd tai thoi diém t = 35 phut

Point Graph: Temperature (<)
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Hinh 3.24. D6 thi thé hién dién bién nhiét (a) céc vi tri (b) bén trong mau gb

kich thudc 50 x 150 x 500 mm

Truyén nhiét trong miu gd sy duoc md phong qua duong cong nhiét, qua
d6 thi hinh 3.24 bién dién nhiét do 6 vi tri tir mat vao tdm gd cach nhau 5mm.
Mdi duong cong nhiét biéu dién cho nhiét do tai 1 vj tri. So sanh giira cac vi tri
déu c6 sy khac biét dang ké, dac biét vi tri mat gd va tam gd nhiét thé hién khac
biét I6n nhat. Puong cong nhiét mo ta dién bién qua trinh truyén nhiét trong
thanh gd, voi két qua md phong dat duoc sé& 1a co sé khoa hoc cho viéc nghién
ctru thuc nghiém dién bién quaé trinh say.

3.3.5.5 So sanh truyén nhiét trong thanh gd cac kich thwéc 20 x 50 x
500 mm, 50 x 50 x 500 mm, 20 x 150 x 500 mm, 50 x 150 x 500 mm.

Truyén nhiét trong mau gd sy dugc mé phong qua dudng cong nhiét 4 dang
kich thudc, qua d6 thi hinh 3.25 bién dién nhiét d6 6 vi tri tr mat vao tam gd
cach nhau 2mm (chiéu day 20 mm) va 5 mm (chiéu day 50 mm). Mdi duong

cong nhiét biéu dién cho nhiét do tai 1 vi tri. So sanh do thi hinh 3.25 a, ¢ cho
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thiy cung kich thudc chiéu day 20 mm, khac kich thuéc chiéu rong thi dién bién
qua trinh truyén nhiét khdng co su khac biét 16n. Nhiét céc vi tri dién tién tuong
d6i gidng nhau. So sanh hinh 3.25 b, d mé ta dién bién qua trinh truyén nhiét cho
thiy cung kich thudc chiéu day 50 mm, khac kich thudc chiéu rong, dién bién
qua trinh truyén nhiét cac co su khéc biét rat 16n, so sanh nhiét vi tri mat gd va
tam gd trén 2 dang kich thuéc nay cé sy khac rd nhat, cy thé 1a mau gd kich
thude 50 x 50 x 500 mm nhiét tam gd dat nhiét do siy sau 45 phat, tuy nhién mau
g6 kich thuéc 50 x 150 x 500 mm nhiét tam gd dat nhiét d6 say sau 60 phat, dién
bién nhiét luc nay khéng nhiing phu thuoc vao chiéu day con phy thuoc vao
chiéu rong mau gd sdy. Chinh vi vay khi sdy miu gd c6 kich thuéc day hon 50
mm thi chiéu rong mau g cang Ion thi ton nhiéu thoi gian trong qué trinh gia

nhiét khi say gd.
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Hinh 3.25. b6 thi biéu dién nhiét bén trong mau go kich thudc 20 x 50 x 500

mm (a), 50 x 50 x 500 mm (b), 20 x 150 x 500 mm (c), 50 x 50 x 500 mm (d)
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3.9 Két qua mé phéng truyén 4am miu gd siy chan khong

Qua trinh siy gd chan khong 1a sy di chuyén am tir bén trong ra bé mat gd
va bay hoi am tir bé mit ra moi truong. C6 ba dang am di chuyén ton tai trong g
nhu sau: dong am khuéch tan va dong hoi nuéc va dong nuéc ty do. Sy di
chuyén cua céc dang am nay 1a két qua cua ba loai co ché: su di chuyén cua nudc
lien két théng qua vach té bao, su di chuyén cua hoi nudc trong khdng bao va sy

di chuyén caa nuéc tu do trong khong bao va mao quan & dang chat long.

SR ®3ONEE®

1

@ ) (b)
Hinh 3.26. M6 phong biéu dién lugng thoat am trong mau go kich thudc 20 x 50

x 500 mm thoi diém 10 phut (a) va 50 pht (b)

r—

—_—

@) 7 (b)
Hinh 3.27. M6 phong biéu dién luong thoat am trong mau go kich thuéc 50 x 50
x 500 mm thoi diém 20 phut (a) va 60 phut (b)
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@ 7 .
Hinh 3.28. M6 phong biéu dién lugng thoat am trong mau go kich thudc 20 x
150 x 500 mm thai diém 30 phut (a) va 50 phat (b)

100 120 1430 mm C 20 40 &0 C 100 120 140
I otm® T —— el
o8 0.9 1 0.4 05 0.6 09

@ ()

Hinh 3.29. Md phong biéu dién luong thoat am trong mau gd kich thudc 50 x
150 x 500 mm thoi diém 35 phat (a) va 80 phdt (b)
Hinh 3.26, 3.27, 3.28, 3.29 md phong qué trinh am di chuyén trong qua

trinh siy chan khong, lwong am di chuyén duoc md phong tinh toan lwong
mol/m?®, quéa trinh di chuyén nay thé hién tir mat ngoai gd, c6 su dong thoi véi
qua trinh truyén nhiét (phu luc 14). Khi nhiét d6 dat nhiét d6 sy, rat chan khdng
dé ha thap diém so6i va nudc trong gd hoa hoi, su sdi xay ra trong gé vi nhiét do
cua gd thi 1on hon nhiét d6 bdo hoa bén trong budng say chan khdng. Tai thoi
diém dau, sy sbi xay ra trén bé mat va sau d6 di chuyén vao bén trong tam thanh
6. Toc do di chuyén phu thudc vao nhiét cung cap va dac tinh cua gb nhu 1a tinh
thdm hat va tinh dan nhigt.

Hinh 3.30 qué trinh sbi di chuyén chia hé thdng thanh hai ving cu thé 1a

ving s6i va ving chwa soi. Trong ving sbi, am ton tai dang hdn hop 1a dang hoi
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va dang long. Trong ving chua sdi, 4m ton tai dang chat 1ong néu c6 mot luong
nho hoi nudc chira dung trong khong khi thong qua khong bao thi duoc bo qua.
DPong luc cua qué trinh siy chan khong phu thudc vao ap suat bén trong cua
may chan khong va tinh chat vat Iy cua gd. Trong sy chan khéng, gd duogc gia
nhiét dén maot nhiét do nhat dinh, hat chan khdng & ap suat phi hop nhiét do sy
dé dat diém sdi cta nudc trong nguyén liéu gb. Pay chinh 1a vu diém Ion nhat
cua sy chan khong, say nhiét do thap gir duwgc mau sic va chat luong nguyén

liéu va han ché khuyét tat san sinh trong qué trinh say.

)
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Hinh 3.30. Biéu dién qué trinh thoat am gd trong say chan khong

G4 1a nguyén liéu tu nhién chira am qua trinh say la tach am khoi nguyén
liéu, trong qué trinh sy su thoat 4m trai qua hai giai doan: trén diém b&o hoa tho
96 va dudi diém bao hoa thd gd. Theo két qua xac dinh diém b&o hoa gé Cam xe
20%, voi @6 4m ban dau gdb Cam xe khi siy 1a 40%. Nhu vay c6 thé khang dinh
giai doan dau sy trén diém bdo hoa thé gd 1am giam 20% do am gd, giai doan
sau sy dudi diém bdo hoa thé gd lam giam 10% d6 am gd con lai dé dat d¢o am
sau cung la 10%.

Hinh 3.31 thé hién luong truyén am trong qua trinh siy gé chan khéng
trén 4 dang kich thudc, so sanh lwong truyén am bé mat va tdm gd c6 su khac
biét ddng ké, diéu nay 1a do am trén bé mat hoa hoi khi dat diém s6i tai nhiét do
sdy va ap suat chan khong nhanh hon tdm gb. So sanh, lugng am di chuyén thanh

nhiéu hay it phu thudc va kich thudc nguyén liéu dic biét 1a chiéu day nguyén
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licu gd. Khi gd co kich thudc chiéu day 20 mm, chiéu rong khac nhau thi lugng
truyén am khdng c6 sy khac biét, kich thudc g cung chiéu rong 150 mm nhung
chiéu day khac nhau thi c6 su khéac biét rat 16n. Sy thoat am c6 mdi twong quan
song song cuing su truyén nhiét, nhiét truyén cang nhanh, thoat am cang nhanh va
nguoc lai.

[F] o
Paint Graph: Concentration (molim")

3 ‘ s P e 1F
pe

—2

Paint Graph: Concentration (molim?® Paint Graph: Concentration (molim®)

(a) (b)

Hinh 3.31. P4 thi biéu dién luong truyén am bén trong mau gé 20 x 50 x 500

mm (a), 50 x 50 x 500 mm (b), 20 x 150 x 500 mm (c), 50 x 50 x 500 mm (d)
Thong qua md phong tién hanh tinh toan va xac dinh téc do hoa hoi trong
hai giai doan say: trén diém bdo hoa thd gd téc do bay hoi ting nhanh qua do thi
hinh 3.32 cho thay tdc d6 bay hoi ting sau 120 phut, trong 40 phit dau tién ting
rat nhanh, sau d6 ting déu qua timg giai doan. Qua trinh di chuyén am ra bé mat
thanh g6 va khuéch tan 4m ra méi truong 1a mot dién bién cong hop nhiét va am,
khi nhiét 1am néng gé va ap suét ha thap tao diéu kién sy sdi xay ra nudc bén

trong g, nudc s& hoa hoi va di chuyén ra bé mat, khuéch tan ra moi truong. Qua
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trinh nay dién ra lién tuc dén khi d6 am gd giam dén gia tri dat yéu cau. Giai
doan siy dudi diém bdo hoa thé g téc do bay hoi ting cham qua dd thi hinh
3.32, 50 sanh tdc d6 bay hoi hai giai doan c6 su khac biét rat 16n, dién hinh sau 2
gio téc d6 bay hoi khi do am dudi diém b&o hda méi dat duoc twong dwong véi
tdc d6 bay hoi sau 40 phat khi do am trén diém bao hoa. Diéu nay duoc giai thich
la phu thudc vao cau tao nguyén liéu gd, trén diém bao hoa nudc ty do trong rudt
té bao dé dang di chuyén va thoat ra va khuéch tan vao méi trudng, trong khi
nuéc lien két nam vach té bao s& rat kho khian trong viéc thoat ra va khuéch tan
vao moi truong. Pay 1a diém chinh yéu quan trong ly giai viéc thoat am toc do
nhanh giai doan dau qué trinh siy khi do 4am nguyén liéu 16n hon 20%, cham vao

giai doan sau khi do am nguyén liéu nhé hon 20%.

Point Graph: Evaporation rate (kg/(m®s))
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Hinh 3.32. Md phong toc d6 bay hoi trén va dudi diém bdo hoa

Két luan

Thong qua mo hinh vat ly siy gd Cam xe bang phuong phap chan khong,
xac dinh md hinh toan qua trinh truyén nhiét va truyén am trong sy gé chan
khong, tir md hinh toan tién hanh giai bang phuong phap sé va mé phong truyén
nhiét va am trén cac dang kich thuéc khac nhau cua thanh gd Cam xe. Két qua
thé hién qua hinh anh mé phong, d6 thi va cac gia tri ly thuyét dat duogc 1a co so
khoa hoc cho viéc du doan dién bién qua trinh truyén nhiét va truyén am trong
qua trinh sy gd Cam xe bang phuong phap siy chan khong.

3.10 Két qua thwc nghiém kiém chieng ly thuyét qua trinh truyén nhiét
va truyén am say chan khong gé Cim xe

3.10.1 Két qua kiém chitng gé Cim xe kich thwéc 20 x 50 x 500 mm
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Pé kiém chtring su phu hop va tinh chinh xac cia mé hinh toan da thiét lap
cho may sdy chan khéng gb Cim xe, két qua md phong md hinh toan duoc so
sanh véi két qua say thuc nghiém siy chan khéng gd Cam xe.

Thuc nghiém: sdy chan khoéng thanh g kich thuéc 20 x 50 x 500 mm, gd
c6 do 4m ban diu W,,on = 40%, nhiét do sdy 50°C, &p suit chan khong 0,12 bar,
cuong d6 birc xa hong ngoai 600 W/m?, g giam do 4m tir 40% vé 10% sau thoi
gian 36 gio, két qua thé hién trén hinh 3.35, 3.36.

Ly thuyét: théng qua md hinh toan vé truyén nhiét va am sy chan khong g
Cam xe, tién hanh giai cac mé hinh toan va két qua thé hién trén hinh 3.35, 3.36.

3.10.1.1 Pwong cong nhiét dd say gd Cim xe 20 x 50 x 500 mm

Qua trinh truyén nhiét trén thanh gd, két qua Iy thuyét dugc ghi nhan thong
qua mo phong truyén nhiét, két qua thuc nghiém thi ghi nhan tr thi nghiém do
truc tiép nhiét ¢o tm thanh gd thong qua cam bién nhiét.

Bang 3.2. Két qua thyc nghiém va 1y thuyét nhiét do tam thanh gd Cim xe kich
thude 20 x 50 x 500 mm say chan khong

o7 | Thoigian Nhigt g _ Nhigt dg
(phat) thuwe nghiém ("C) | ly thuyét ("C)

1 0 29,9 30

2 1 40,5 40,8
3 2 44,3 44,7
4 3 46,4 47,1
5 4 47,7 47,9
6 5 48,4 48,8
7 6 48,9 49,1
8 7 49,3 49,5
9 8 49,5 49,7
10 9 49,6 49,8
11 10 49,7 49,8
12 11 49,8 49,9
13 12 49,9 50,0
14 13 49,9 50,0
15 14 49,9 50,0
16 15 50,1 50,0
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Hinh 3.33. Nhiét d6 Iy thuyét va thuc nghiém tai tam thanh gd Cam xe 20 x 50 x
500 mm say chan khong

So sanh hai duong cong nhiét tai tam thanh gd ly thuyét va thyc nghiém
thong qua hinh 3.33 cho thay nhiét @6 thuc nghiém dién bién cham hon 1y thuyét
tir 1 — 2°C trong 10 phat dau tién, thoi gian tiép theo ly thuyét thi c6 su én dinh,
nhiét do thuc nghiém dién tién sau ly thuyét nhung chiéu huéng twong ddng véi
ly thuyét, diéu nay duoc giai thich nhu sau:

Tha nhét, trén thuc té nhiét birc xa con ton that cac vi tri vach budng say,
hay cac bo phan khac dit trong budng say, anh huong dén qua trinh hap thu nhiét
burc xa cua nguyén ligu go.

Thi hai, g6 1a nguyén liéu ty nhién khong dong chat & cac vi tri nén kha
ning hap thy buc xa nhiét cac vi tri c6 sy khéc biét nhau, trong khi d6 vé mat ly
thuyét duoc cho 1a gd dong chat nén nhiét duoc hap thu bing nhau tai cac vi tri.
Vi vay két qua nhiét thuc nghiém c6 su chénh léch so vai ly thuyét.

Thi ba, hé s6 dan nhiét theo tinh toan ly thuyét ludn on dinh va logic, trong
khi @6 thyc té thuc nghiém cd su thay doi nhat dinh tuy thuoc vao nguyén vat
liéu va diéu kién dién bién caa qué trinh hap thu nhiét bic xa.

Puong cong nhiét ly thuyét va thuc nghiém cho thay ca hai qua trinh khong
c6 su sai khac dang ké, sai lénh tiéu chuan ly thuyét so véi thyc nghiém 1a 1,33,
sur sai léch chu yéu dién ra trong giai doan dau cua qué trinh, do thuc nghiém
dién ra cham hon 1y thuyét, giai doan sau thi hai quéa trinh nay gan nhu tuong

ddng nhau.
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3.10.1.2 Pudng cong say gé Ciam xe 20 x 50 x 500 mm

Bang 3.3. Két qua thuc nghiém va 1y thuyét qua trinh giam 4m cua gb Cam xe
kich thudce 20 x 50 X 500 mm say chan khong

Thoi gian Do fm? P(} flm,
STT S thuc nghiém ly thuyet
(&%) (%) (%)
1 0 41,0 40,0
2 3 34,2 36,2
3 6 29,6 32,3
4 9 25,3 28,5
5 12 23,9 24,6
6 15 22,3 21,5
7 18 20,1 19,3
8 21 19,2 17,6
9 24 17,8 16,2
10 27 15,9 14,7
11 30 13,8 13,2
12 33 12,7 11,6
13 36 10,6 10,0

Tir bang 3.3 va hinh 3.34 cho thay sy bién doi do am g theo thoi gian qua
mo hinh Iy thuyét va thuc nghiém cé sy dong dang va tuong thich. Tai nhiét do
say 50°C, sai léch d6 am trung binh 1,16 gitra ly thuyét va thuc nghiém (sai sb
chuan cua gia tri ly thuyét). Théng qua hinh 3.36 thé hién qué trinh giam am ly
thuyét va thuc nghiém cua gd chia 2 giai doan, trén diém b&o hoa thé gd (W >
20%) d6 am gd giam rat nhanh tir 40% vé 20% trong 15 gid twong tng mdi gio
giam 1,3% do am, giai doan sau dudi diém bdo hoa (W < 20%) trong 21 gio sau
giam tir 20% vé 10% tuwong ng 0,47%/gio. Picu nay duoc giai thich théng qua
dic diém ciu tao gd, nudc trong gd ton tai hai dang chinh : nuéce ty do (trong rudt
té bao va khoang khong giira cac té bao) va nudc lién két (trong véch té bao). Khi
d6 am gd trén diém b&o hoa thd gd (W > 20%), nudc ty do dé dang thoéat ra, di
chuyén ra bé mat va khuéch tan ra moi trudng nén qua trinh giam am rat nhanh.
Khi d6 4m gd dudi diém béo hoa thd gd (W < 20%), nudc lién két bat dau thoat
ra, tuy nhién do nuéc lién két nim trong khoang cach céc vi soi cu tao véch té

bao nén qué trinh thoat am can nhiéu nang lwong vi vay qué trinh giam am giai
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doan sau dién ra rat cham, sy thoat am can nhiéu thoi gian dé khuéch tan ra bé
mat go va moi truong.
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Hinh 3.34. Buong giam am ly thuyét va thuc nghiém trong qua trinh siy chan
khong goé Cam xe 20 x 50 x 500 mm

3.10.2 Két qua kiém chirng gd Cim xe kich thwéc 50 x 50 x 500 mm

Pé kiém chiing su phu hop va tinh chinh xac cia mé hinh toan da thiét lap
trong say chan khdng gé Cam xe, két qua md phong mé hinh toan duoc so sanh
Vi két qua say thuc nghiém say chan khéng gé Cam xe.

Thuc nghiém: siy chan khéng thanh g kich thuéc 50 x 50 x 500 mm, gd
c6 dd Am ban dau Wy = 40%, nhiét do sdy 50°C, ap suét chan khong 0,12 bar,
g6 giam d6 am tir 40% vé 10% sau thoi gian 75 gio, két qua thé hién trén hinh
3.35, 3.36.

Ly thuyét: théng qua md hinh toan truyén am say chan khdng gd Cim xe,
tién hanh giai cac mo hinh toan va két qua ghi nhan va thé hién trén hinh 3.35,
3.36.

3.10.2.1 Pwong cong nhiét d6 say gd Ciam xe 50 x 50 x 500 mm

Két qua duong cong nhiét ly thuyét va thuc nghiém cho thay thay doi nhiét
d6 gd tai nhiét do sy 50°C duoc biéu dién trén hinh 3.35. Hai duong cong nhiét
c6 xu huéng ting biéu dién nhiét do cua gd trong qué trinh sdy, trong qua trinh
thuc nghiém nhiét bi ton that qua cac thiét bi, vach budng sdy, tuy nhién trong

qua trinh tinh toén cac yéu té nay da bo qua. Vi vay, két qua nhiét thuc nghiém



107

c6 su sai léch so véi ly thuyét nhung van theo xu huéng ting theo thoi gian dat

nhiét do say.

Bang 3.4. Két qua thuc nghiém va 1y thuyét nhiét d6 tAm thanh gd Cam xe kich

thudc 50 x 50 x 500 mm say chan khong

Thoi | \pistas | Nnict do Thei | Nhigt | st do
STT ian S0~ C O STT ian do C 0

(ghut) TNCC) | LT (CC) (ghm) mee | LTCO
1 0 29 30 16 | 15 459 475
2 1 29,9 32,3 17 | 16 46,4 478
3 2 30,6 35,4 18 | 17 46,9 48,1
4 3 32,2 37,7 19 | 18 472 48,3
5 4 34,1 39,6 20 | 19 475 48,6
6 5 35,9 411 21 | 20 478 48,9
7 6 37,6 42,3 22 | 21 48,0 491
8 7 39,1 43,2 23 | 22 48,2 49,3
9 8 40,5 443 24 | 23 485 495
10 9 41,7 451 25 | 24 48,6 49,7
11 10 42,8 455 26 | 25 48,7 49,8
12 11 43,6 46,2 27 | 26 48,9 49,9
13 12 44,3 46,6 28 | 27 49,3 50,0
14 13 44.8 46,9 29 | 28 49,9 50,0
15 14 453 472 30 | 29 50,0 50,0

aal. oo *: X

—¥— thuc nghiém |

—&— Iy thuyét

L d
20 30 40 50 60
Time (min)

Hinh 3.35. Nhiét do ly thuyét va thuc nghiém tam thanh g
Cam xe 50 x 50 x 500 mm say chan khéng.
Trong qué trinh say cac phan tir nuéc trong gd sé& duoc gia nhiét bang buc
xa hong ngoai, do dd trong vung chiu anh huéng cua buc xa vat liéu s& ndng 1én

trén toan bo thé tich, gép phan ting téc do thoat am cua gb. Khi két hop gia nhiét




108

birc xa va ha &p sut s& dua diém soi vé nhiét do thap trong khoang 50°C nuéc
trong g sdi va bdc hoi nhanh hon, khuéch tan ra méi truong, d6 4m cua gd theo
d6 giam dan, vé do am yéu cau. Mac du giira nhiét Iy thuyét va thuc té c6 su khac
biét cach nhau 5 - 7°C nhung xu huéng cua sy phan bd nhiét cé sy twong ddng.
Diéu nay cho thay mé hinh truyén nhiét ly thuyét gan véi thuc té va co kha ning
dung két qua ly thuyét dé du doan cho viéc truyén nhiét trong qua trinh say chan
khong gé Cam xe.
3.10.2.2 Puong cong siy gd Cim xe 50 x 50 x 500 mm

Bang 3.5. Két qua thyc nghiém va ly thpyét d6 am gd Cam xe kich thudc 50 x 50
X 500 mm say chan khong

Thoi P) Am D 4m Thoi Po Am Py 4am
STT | gian | thwe nghiém | ly thuyet | STT gian thuc nghiém | ly thuyét

(gid) (%) (%) (gio) (%) (%)
1 0 40,4 40,0 14 39 16,8 16,2
2 3 35,5 37,1 15 42 16,5 15,7
3 6 32,3 34,2 16 45 15,9 15,2
4 9 28,7 31,1 17 48 15,2 14,8
5 12 26,4 28,2 18 51 14,9 14,3
6 15 23,5 25,1 19 54 13,9 13,8
7 18 21,1 22,2 20 57 13,8 13,3
8 21 19,7 20,1 21 60 13,5 12,9
9 24 19,1 19,0 22 63 12,9 12,3
10 27 18,9 18,2 23 66 12,3 11,7
11 30 18,6 17,7 24 69 11,7 11,1
12 33 17,7 17,3 25 72 11,1 10,5
13 36 17,0 16,7 26 75 10,3 10,0

So sanh quéa trinh giam am cua caa gd ly thuyét va thuc nghiém dugc thé

hién hinh 3.36, qua trinh giam am cta gd chia 2 giai doan, trong giai doan W >
20% trén diém b&o hoa thd gd cho thiy d6 am gd giam nhanh, toc do thoat am
cao, trong giai doan W < 20%, d6 am giam cham, téc d6 thoat 4am cham dan, giai
thich diéu nay nhu sau:

Thir nhat, do dic diém ciu tao nguyén liéu g, trén diém bdo hoa thé gd
nuéc ty do dé dang di chuyén ra bé mat, téc d6 nhanh, 4m theo d6 giam nhanh.
Duéi bdo hoa thé gd nudc lién két nam trong khoang cach cac vi sgi cau tao vach

té bao chu yéu khuéch tan ra ngoai nén toc do cham, d6 am giam cham. Vi vay
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dic diém sinh hoc ciia nguyén lidu anh hudng dén qué trinh thoat am va giam am
cua nguyén liéu gd khi say.

Thi hai, nguyén liéu gb khong dong chat, so sanh trén diém béo hoa thg gd
gitta ly thuyét va thuc nghiém sai khac nhau trong 21 gio dau, diéu nay 1a do qua
trinh giam am ly thuyét xem gd 1a nguyén liéu ddng chét nén viéc giam am theo
su thoat am cua gd trong qua trinh sy I1a on dinh va dong déu theo thoi gian,
duong giam am ly thuyét giai doan nay 6n dinh hon duong thuc nghiém. Trong
khi d6, tai thuc nghiém qua trinh giam am phu thudc nhiéu yéu té truyén nhiét,
thoat am, vi vay qua trinh giam am thuc nghiém bi anh huong nén dién bién
cham hon 1y thuyét nén c6 bién dang thap hon 1y thuyét.

Thi ba, vai trd cua diém bdo hoa thé gd, trong qué trinh giam am chia hai
giai doan, giai doan ddu W > 20%, nudc ty do trong rudt té bao di chuyén nhanh
ra bé mat va khuéch tan moéi trudng, giai doan sau W < 20%, duéi diém bdo hoa
thd gd nudc lién két trong véach té bao di chuyén cham nén anh huang qué trinh
thoat am.

e Pjoam —+—Pj 4m )
thuc nghiém (%) 1y thuyét (%)

D& am gb (%)

45,0

40,0
AN
35,0 N\

30,0 e

250 N\,

20,0 LA

15,0 —— .

10,0 S0

5,0

0,0

0 9 18 27 36 45 54 63 72
Thoi gian say (h)

Hinh 3.36. Buong giam am ly thuyét va thyc nghiém trong qué trinh siy chan
khong goé Cam xe
Qua hinh 3.36 trén c6 thé thay rang cac két qua du doan tir md hinh ly

thuyét mo ta phu hop va kha tuong thich voi dién bién cia qua trinh giam am
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thuc nghiém. Su sai léch gitta két qua ly thuyét va thuc nghiém 1a do thuc té khi
tién hanh sy, cac gia tri vé& nhiét, am cua vat liéu thay ddi, tat nhién 1a khéng
ddng déu cac vi tri, do gd la nguyén lidu ty nhién quéa trinh khuéch tan am bj anh
huong thém boi nhiéu yéu t6. Trong pham vi nghién ciu ly thuyét bo qua do tinh
phtic tap cia nguyén lidu va cac hién tuong. Chinh vi thé, nén két qua mé hinh ly
thuyét cho thay c6 su khac biét véi két qua khao nghiém thuc té. Tuy nhién, véi
nhitng két qua so sanh cho thay cac dudng cong siy duoc tinh tir md hinh toan ly
thuyét cé bién dang va xu huéng twong dong vai dudng cong thuc nghiém. Do
d6 hoan toan cé thé dung mé hinh toan ly thuyét da xay dung dé du doan qua
trinh tthoat am khi say gd bang phuong phap sy chan khong.

Thao luan: Két qua kiém chung ly thuyét bang thuc nghiém cho thay sai
léch giita hai md hinh < 5% qua trinh truyén nhiét va am, su tuong thich kha 16n
gitra ly thuyét va thuc nghiém. Biéu nay cho thiy mé hinh Iy thuyét duoc xay
dung rat gan véi thuc nghiém, tng dung két qua dé du doan qua trinh truyén
nhiét va am trong qué trinh siy gd Cam xe 1a rat kha thi va c6 ¥ nghia quan trong,
nham gop phan 1a co s khoa hoc vitng chic dé ap dung trén thuc tién va san
Xuit, dic biét 1a trong céng nghé say chan khong gd Cam xe. Theo két qua
nghién ciu cho thay qua trinh truyén nhiét trong thanh gé phu thudc vao kich
thuéc chiéu day cua g, dién hinh véi gd kich thude 20 x 50 x 500 mm dat nhiét
d6 say sau khoang 10 phut trong khi d6 gb kich thudc 50 x 50 x 500 mm thi phai
mat khoang 30 phdt, nhiét truyén theo kich thuéc chiéu day tir ngoai vao trong
danh dau sy thoat am tir trong ra ngoai. Thuc nghiém kiém chimg ciing cho thay
qua trinh giam am phu thudc vao chiéu day thanh g, khi say gd c¢6 kich thudc 50
x 50 x 500 mm thi can 72 gid dé gd d6 am tir 40% giam con 10%, trong khi d6
Vé6i kich thude twong tu chi nhé hon chiéu day 30 mm ma thoi gian siy con 36
gio. Piéu nay cho thay, kich thudc chiéu day giam hon % thi thoi gian say giam
mét ntra. Mi quan hé nay cho thay viéc lra chon kich thuéc nguyén liéu c6 anh
huong quan trong dén thoi gian say chan khdng caa go.

3.11 Xac dinh céc thdng sé cong nghé say chan khong gé Cim xe

Céc thong sé cong nghé sy chan khéng gé Cam xe anh huong dén thoi
gian sdy, ty lé khuyét tat gd sau siy do6 1a nhiét do say (X), Cuong do buc xa
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hong ngoai (X) can phai duoc xac dinh trude khi di xac 1ap qui trinh céng nghé

say chan khong gé Cam xe.

Bai todn hgp den
Théng qua cac phan tich muc 2.12 chuong 2 cho thay céc thong sé dau vao

nhu nhiét d6 siy (X;), Cuong d6 bic xa hdng ngoai (X,) khi sdy s& anh husng
d6ng thoi 18n céc chi tiéu chat luong va k¥ thuat cua san pham sau khi say 1a thoi

gian sdy, ty 18 khuyét tat gd sau siy. M6 hinh bai toan hop den duogc thé hién nhu

Sau

X1 Nhiét d6 say (°C) N

X, Cuong d6 birc xa hong
ngoai (W/m?)

Qua trinh siy gd
chan khong

—>

L Y, thoi gian say (h)

Y, ty 18 khuyét tat gd (%)

Hinh 3.37. Méi quan hé thong s6 dau vao va dau ra

Vung thi nghiém

Phwong an thuc hién thi nghiém bac 1: mién thuc nghiém gigi han trong

khoang gitra diém trén (gia tri ma hoa la +1), diém dudi (gia tri ma hoa la -1).

Phwong an thuc hién thi nghiém bac 2: mién thuc nghiém gigi han trong

khoang gitta diém sao trén (gi4 tri ma hoa 1a +a), diém sao dudi (gia tri ma hoa 1a

-0)). Két qua duoc thé hién bang cac mirc thi nghiém nhu sau

nghiém bac nhat (1) va bac hai (I1)

Bang 3.6. Mic va khoang bién thién cua cac yéu té nghién cau mé hinh thi

’ Nhiét d say Cuong d birc xa
Stt Céc thong so X, (°C) hong ngoai X,
(W/m?)
1 Muc trén +1 57 700
! 2 | Miccoso0 52 600
3 Mtc dudi -1 47 500
4 Khoang bién thién Al 5 100
' Nhiét d say Cuong d birc xa
Stt Céc thong sb X, (°C) hong ngoai X,
I (W/m?)
1 Mtrc sao trén +a 59 741
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2 Mirc trén +1 57 700
3 Mtrc co sé 0 52 600
4 Murc dudi -1 47 500
5 Murc sao dudi -a 45 459
6 Khoang bién thién Al 5 100

Bang 3.7. Nhiét do sy va &p suat chan khong twong ng

Stt | Nhiét dd sdy (°C) | Ap suat chan khong (bar)
1 59 0,217
2 57 0,180
3 52 0,140
4 47 0,105
5 45 0,100
6 50 0,120

3.11.1 Két qua thuc nghiém say chan khéng gé6 Cim xe 20 x 50 x 500
mm - thdng sb dau ra thoi gian sy (Y sg)

3.11.1.1 M8 hinh bac nhat (bac 1) Yasig

Tién hanh say chan khong gd Cam xe thuc nghiém dé xac dinh cac thong sé
t6i wu — thong s6 dau ra thoi gian say Yosig

Ma tran thi nghiém va két qua thi nghiém bac nhat dugc thé hién phu luc 15.
Tién hanh phan tich phuong sai va hoi quy cho ham toan dang da thic bac nhat
cho két qua trinh bay phu luc 16:

M6 hinh bac nhat c6 thé duoc viét theo dang nhu phwong trinh sau:

Y =Dbg + biXy + boXy + bioXiXo,

Phuong trinh hoi quy thoi gian sdy Yosg (h) véi hé s tuong quan R-
squared = 0.9 c6 dang méa hda la:

Y 511 = 38,2857 - 9,75.X, - 575X, + 3.75.X1.X, (3.46)

Qua phuy luc 16, 17 cho thay cac hé s6 hoi quy déu dam bao do tin cay voi
mtc ¥ nghia (P-value > 0,05).. Bé kiém dinh sy twong thich ctia phwong trinh hoi
qui véi thuc nghiém can thiét phai kiém dinh theo tiéu chuan Fisher véi a = 0,05.

Fi=60,04> F,=18,513 => mo hinh khéng tuong thich.
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Vay phuong trinh hdi qui (3.46) tim dwgc khong twong thich véi thuc
nghiém. Do phuong trinh hdi qui Y 25191 khong tuong thich thyc nghiém do do can
thiét phai tién hanh cai tién méd hinh mé rong ving nghién ctu, nang bac cua
phuong trinh thyc nghiém tir bac nhét Ién bac hai va mién thi nghiém luc nay
duoc mé rong ra véi canh tay don +a.

3.11.1.2 M6 hinh béc hai (bac 2) Y s,

Khi nang bac phuong trinh tir bac nhat 1én bac hai phuong 4n thyc nghiém
tién hanh theo phuong phap bat bién quay bac 1l cua Box Hunter. Ma tran va két
qua thi nghiém dang ma hoa thé hién phu luc 20. Tir ma tran thi nghiém tién hanh
phan tich phuong sai va hoi qui vai két qua dat dugc thé hién phu luc 21, 22.

M® hinh bac hai duoc chon nhu sau

Y = bo+ biXo++ DoXo +H0oXiXo+ D11Xe*+ DyoX,”

Hé sb twong quan R = 0,9

Phuong trinh hdi qui dang ma hod bac hai thé hién thoi gian siy Yasg, sau
khi say chan khdng gb Cam xe nhu sau

Yostgz = 38 - 13,0925.X; — 10,5622.X, + 5,75.X1.Xs + 4.X,” + 3,75.X,” (3.47)

Tur phu luc 21, 22 thé hién két qua phan tich Anova va cac hé sb hdi qui
duogc kiém tra do tin cay theo tiéu chuan Student, cac hé sé hoi quy cua thong sb
da do tin cay véi mirc ¥ nghia (P-value > 0,05). Bé kiém dinh sy twong thich cua
phuong trinh hoi qui vai thuc nghiém can thiét ta phai kiém dinh theo tiéu chuan
Fisher vai a = 0.05.

Ta co F= 2,88 < F1., = 6,5914 => M6 hinh dam bao twong thich, mé hinh
hdi qui Yasigz 12 phll hop. Vay phuong trinh hoi qui (3.47) tim dwoc thong so dau
ra Y sg twong thich véi thyc nghi¢m.

Phuong trinh hoi qui thé hién mtc d6 anh hudng cia cac yéu té dau vao X,
(nhigt do siy), X, (cudng d¢ buc xa hdng ngoai), vai thong sé dau ra Y sy, (thoi

gian sy ).
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Do thi mien ve moi quan he X1,X2 va Y25tg2

38 - 13.0925 X, - 10.5622 X, ..+ 3.75 x, X,

80

Cong suat nguon phat hong ngoai
o

IS

-1 -0.5 0 0.5 1
Nhietdo

(b)
Hinh 3.38. D4 thi 3D (a) va mién (contour) (b) méi quan hé Xy, X, VA Y sg2

MGi quan hé giira cac thong s6 X; X, VGi Yasig, thé hién chi tiét qua do thi
hinh 3.38. Bo thi 3D biéu dién phuong trinh twong quan mdi quan hé X, X, va
Y52 bang mién Iuéi trong khong gian, mién lugi biéu dién céac gia tri théa man
diéu kién rang buoc cua Xy, X,

Dé quan sat va xac dinh mién ti vu cu thé hon chiéu d6 thi 3D 1én hé mat
phang 2D thé hién qua do thi mién (contour) mdi quan hé gitta X1; Xz VA Yasi
trong mat phang 2D, quan sat thay do6 thi chia thanh cac ving c6 mau sac khac
nhau twong ng c4c ving gia tri khac nhau. Ving mau do 1a ving gié tri 16n nhat
(max value) va trai dai vé phia mau xanh duwong dam la ving gia tri nho nhat
(min value). Ham thoi gian say Ysie— min nén gia tri t6i uu Yas, thudc ving
mau xanh duong dam.

3.11.1.3 Thong s6 t6i wu ddi véi ham thei gian - Yose

Bai toan t6i wu duoc giai trén may tinh nho sy hd trg cia phan mém
Matlab két qua thé hién phu luc 55. Ham thoi gian duoc téi wu hoa theo phuong
trinh (3.47).Ham muc tiéu: Y,s,,— min.,

Cac diéu kién rang budc: -1,414 < x; <+1,414 ;i = 1+2.

Bang 3.8. Gia tri toi wu - ham thoi gian Y s (gi6)

Thong so B Thong so6 Giatri
STT L Giatn . ,
dau vao dau ra toi vu
1 X 1,3907 58,9 °C .
> Y25tg2 27,09 (glO’)
2 X, 0,3421 634,2 W/m
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Qua bang 3.8 cho thay ham thoi gian Yasy, (gio) dat gia tri toi wu nhat Ia
27,09 (gid) voi Xy = 1,3907 (Ts = 58,9 °C ) X, = 0,3421 (P = 634,2 W/m?). Véi
két qua t6i wu dat duoc cho thay nhiét o siy va cuong do btic xa hong ngoai anh
huong thoi gian say ca hai yéu té nay diéu dat gi tri trong ving nghién cuu.
Thong qua két qua cho thiy dé dat thai gian tdi wu nhiét do sy & mirc cao 58,9°C
va cudng do buc xa hdng ngoai 634,2 W/m? dé nuéc trong gd s& di chuyén nhanh
ra bé mat va khuéch tan ra moi treong. Két qua trén cho thiy dé rat ngin thoi
gian siy cho gb Cam xe can thiét phai dat gié tri toi vu cua hai thong sé céng
nghé trén.

3.11.2 Két qua thuc nghiém say chan khong gé Cim xe kich thwéc go
20x50x500 mm - théng sé dau ra ty 1é khuyét tat g6 (Vs )

3.11.2.1 M6 hinh béc nhat (bac 1) Y s

Tién hanh siy chan khéng gé Cam xe thuc nghiém dé xac dinh céc théng sé
t6i wu — thong s6 dau ra ty 1é khuyét tat gd Y sy

Ma tran thi nghiém va két qua thi nghiém bac nhat dugc thé hién phu luc 15.
Tién hanh phan tich phuong sai va hoi quy cho ham toan dang da thuc bac nhat
cho két qua trinh bay phu luc 18, 19:

M6 hinh bac nhat c6 thé duoc viét theo dang nhu phwong trinh sau:

Y =Dbg + biX; + boXy + b1oXiXo

Phuong trinh hdi quy ty 1& khuyét tat Yosa (%) voi hé sb twong quan R-
squared = 0,9 c6 dang ma hda la:

Yosker = 4,15571 + 1,77.X; + 0,85.X; + 0,555.X.X, (3.48)

Qua phuy luc 18, 19 cho thay cac hé s6 hoi quy déu dam bao do tin cay voi
mtc ¥ nghia (P-value > 0,05). Bé kiém dinh sy tuong thich ctia phwong trinh hoi
qui véi thue nghiém can thiét phai kiém dinh theo tiéu chuan Fisher véi a = 0.05.

Fi=244,55> F,= 18,513 => m0 hinh khdng tuong thich.

Vay phuong trinh héi qui (3.48) tim duoc khong tuong thich véi thuc
nghiém. Do phuong trinh hoi qui Y5k khong tuong thich thyc nghiém, do do
can thiét phai tién hanh cai tién mé hinh ma rong ving nghién ctu, nang bac cia
phuong trinh thyc nghiém tir bac nhét Ién bac hai va mién thi nghiém luc nay

dugC mé rong ra véi canh tay don +a.
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3.11.2.2 M6 hinh bac hai (bac 2) Y sk

Khi nang bac phuong trinh tir bac nhat 1én bac hai phuong an thyc nghiém
tién hanh theo phuong phap bat bién quay bac 1l cua Box Hunter. Ma tran va két
qua thi nghiém dang ma hoa thé hién phu luc 20. Tir ma tran thi nghiém tién hanh
phan tich phuong sai va hoi qui vai két qua dat dugc thé hién phu luc 23, 24.

M6 hinh bac hai dugc chon nhu sau

Y = bo+ biXo++ DoXo +H0ioXiXo+ D11Xe"+ DyoX,”

Hé sb twong quan R = 0,9

Phuong trinh h6i qui dang ma hoa bac hai thé hién ty & khuyét tat Y s sau
khi say chan khéng gd Cam xe nhu sau

Yoo = 4,214 + 27818.X; + 2,29485.X, + 1,6125.X1.X, + 1,00238.X,> -
0,827375.X,” (3.49)

Tur phu luc 23, 24 thé hién két qua phan tich Anova va cac hé s hoi qui
duoc kiém tra do tin cay theo tiéu chuan Student, cac hé sb hoi quy cua thong sé
da do tin cay véi mirc ¥ nghia (P-value > 0,05). Bé kiém dinh sy twong thich cua
phuong trinh hoi qui vé&i thuc nghiém can thiét ta phai kiém dinh theo tiéu chuan
Fisher vai a = 0.05.

Ta co Fy= 4,46 < Fy, = 6,5914 => M6 hinh ddm bao tuong thich, mé hinh
hdi qui Yaske 12 phi hop. Vay phuong trinh hoi qui (3.49) tim duoc théng sé dau
ra Y o5 trong thich véi thuc nghiém.

Phuong trinh hoi qui thé hién mirc d6 anh hudng cia cac yéu to dau vao X,
(nhiét do say), X, (cuong do birc xa hdng ngoai), voi thdng s6 dau ra Y s (ty 16
Khuyét tat).

MA4i quan hé gitta cac théng s6 X; X, V6i Yaske thé hién chi tiét qua do thi
hinh 3.39. Bo6 thi 3D biéu dién phuong trinh twong quan méi quan hé X;Xy; va
Yok bang mién luéi trong khéng gian, mién ludi biéu dién céc gia tri thoa man
diéu kién rang buoc cua Xq, X

Dé quan sat va xac dinh mién téi vu cu thé hon chiéu d6 thi 3D Ién hé mit
phang 2D thé hién qua d6 thi mién (contour) mdi quan hé giita X1; X, Va Y s
trong mat phang 2D, trén d6 thi chia thanh céc viing c6 mau sic khac nhau twong

{rng c4c vuing gia tri khac nhau. Ving mau d6 1a ving gi4 tri 16n nhat va trai dai



117

vé phia mau xanh dwong dam la ving gié tri nho nhat. Ham ty 1& khuyét tat Y sy
— min nén gia tri t6i wu s, thudc viing mau xanh dwong dam.

4.214 + 2.7818 x_ +...+ 0.827375 x_ x N
1 272 Do thi mien ve moi quan he X1,X2 va Y25kt2

0.5

-0.5

Cong suat nguen phat hong ngoai
o

-1 -0.5 0 0.5 1
Nhietdo

(b)
Hinh 3.39. 6 thi 3D (a) va mién (contour) (b) mdi quan hé Xy, X, va Y sk

3.11.2.3 Xac dinh cac thong s6 téi wu ham ty 1& khuyét tat Y s,

Bai toan t6i wu dwoc giai trén may tinh nho sy hd trg cia phan mém
Matlab két qua thé hién phu luc 56. Ham ty 1& khuyét tat duoc t6i wu hoa theo
phuong trinh (3.49).

Ham muc tiéu: Y 5 — min.

Cac diéu kién rang budc: -1,414 < x; <+1,414 ;i = 1+2.

Bang 3.9. Gia trj t6i uu - ham ty 1& khuyét tat Yo (%)

Thong so6 _ Thong so6 Giatri
STT . Giatri . .
dau vao dau ra to1 vu
1 X, -1,2587 45,7°C
, Y 25kt2 2,28 (%)
2 X5 -0,1603 | 583,97 W/m

Qua bang 3.9 cho thay ham ty I& khuyét tat Y 5.(%) dat gia tri t6i wu la
2,28 (%) Véi X, = -1,2587 (Ts =45,7°C ) X, = -0,1603 ( 583,97 W/m?). Vi két
qua t6i wu dat dugc cho thay nhiét do sdy va cudng do buc xa héng ngoai anh
huong ty 1& khuyét tat theo hudng ty & thuan ca hai yéu té nay diéu dat gié tri
trong ving nghién cau. Vai két qua trén cho thay dé giam ty & khuyét tat cho gd
Cam xe can thiét phai giam nhiét do siy 45,7°C va cuong do bic xa hdng ngoai
538,97 W/m®
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3.11.3 Két qua thuc nghiém siy chan khong gé Cim xe kich thwéc 50 x
50 x 500 mm - thong s6 thai gian say (Yssg: )

3.11.3.1 M0 hinh bac nhat (bac 1) Yssg

Tién hanh siy chan khéng g Cam xe thuc nghiém dé xac dinh céc théng sé
t6i wu — thong s6 dau ra thoi gian say Yssig

Ma tran thi nghiém va két qua thi nghiém bac nhat duoc thé hién phu luc 25.
Tién hanh phan tich phuong sai va hoi quy cho ham toan dang da thirc bac nhat
cho két qua trinh bay phu luc 26:

M6 hinh bac nhat c6 thé duoc viét theo dang nhu phwong trinh sau:

Y =Dbg + Xy + DoXy + bipXiXo,

Phuong trinh hoi quy thoi gian say Yssg (9i0) voi hé s6 tuong quan R-
squared = 0,9 c6 dang méa héa la:

Y55tg1 =76,1429 - 10,75.X - 6,25.X5 + 5,25.X1.X, (3.50)

Qua phu luc 26, 27 cho thay cac hé s6 hoi quy déu dam bao do tin cay voi
muc y nghia (P-value > 0,05). B¢ kiém dinh su tuong thich ctia phuong trinh hoi
qui véi thuc nghiém can thiét phai kiém dinh theo tiéu chuan Fisher véi a = 0,05.

Fi=23,32 > F,= 18,513 =>m0 hinh khéng tuong thich.

Vay phuong trinh hdi qui (3.50) tim dugc khong twong thich véi thuc
nghiém. Do phuong trinh hdi qui Ysstg1 khong tuwong thich thuc nghiém do do can
thiét phai tién hanh cai tién md hinh mg rong ving nghién cau, nang bac cua
phuong trinh thyc nghiém tir bac nhét Ién bac hai va mién thi nghiém luc nay
dugC mé rong ra véi canh tay don +a.

3.11.3.2 M0 hinh béc hai (bac 2) Yssg,

Khi nang bac phuong trinh tir bac nhat 18n bac hai phuong an thuc nghiém
tién hanh theo phuong phap bat bién quay bac 1l cua Box Hunter. Ma tran va két
qua thi nghiém dang ma hoa thé hién phu luc 30 . Tir ma tran thi nghiém tién
hanh phan tich phuong sai va hoi qui véi két qua dat duoc thé hién phu luc 31,
32.M0b hinh bac hai dugc chon nhu sau

Y = Do+ byxg++ boXy +01oXa X+ ByiXg®+ bopX,?

Hé s6 twong quan R = 0,9
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Phuong trinh hdi qui dang m& hod bac hai thé hi¢n thoi gian sy Yssg, sau
khi say chan khdng gb Cam xe nhu sau

Y55tgg = 74,8 - 13,7175.X; - 10,2301.X, + 6.X;. X5 + 4,5375.X,% + 4,2875.X,°
(3.51)

Tu phu luc 31, 32 thé hién két qua phan tich Anova va cac hé sé hoi qui
duoc kiém tra do tin cay theo tiéu chuan Student, cac hé sb hoi quy cua thong sé
da do tin ciy véi mirc ¥ nghia (P-value > 0,05). Bé kiém dinh sy twong thich cua
phuong trinh hoi qui vai thuc nghiém can thiét ta phai kiém dinh theo tiéu chuan
Fisher vai a = 0.05.

Taco F= 2,4 <F;, = 6,5914 => M6 hinh ddm bao tuong thich, mo hinh héi
QUi Yssgz 12 phll hop.Vay phuong trinh hoi qui (3.51) tim dugc thong sé dau ra
Y sstg2 turong thich vai thuc nghi¢m.

Phuong trinh hoi qui thé hién mic d6 anh hudng cia cac yéu toé dau vao X,
(nhiét do siy), X, (cudng d buc xa hong ngoai), véi thong sé dau ra Yssyg, (thoi

gian say ).

74.8 -13.7175 X, et 4.2875 X, X,

Do thi mien ve moi quan he X1,X2 va Y55tg2

120

Cong suat ngucn phat hong ngoai
o

h

-1 -0.5 0 0.5 1
Nhietdo

(b)
Hinh 3.40. D4 thi 3D (a) va mién (contour) (b) méi quan hé Xy, X, VA Yssg

M&i quan hé giita cac thdng s6 Xy X, Vi Yssyg, the hién chi tiét qua do thi
hinh 3.40. B4 thi 3D biéu dién phuong trinh twong quan mi quan hé X;X,; va
Y5512 bang mién lusi trong khong gian, mién ludi biéu dién cac gia tri thoa man
diéu kién rang buoc cua Xy, Xy,

Pé quan sat va xac dinh mién t6i uu cu thé hon chiéu d6 thi 3D Ién hé mit

phang 2D, qua d6 thi mién (contour) méi quan hé gitra X;X,; V& Yssg, trong mat
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phing 2D, quan sat thiy do thi mién chia thanh cac viing c6 mau sac khac nhau
turong wng cac vlng gia tri khac nhau. Ving mau dé 1a ving gié tri 16n nhét va
trai dai vé phia mau xanh duong 13 viing gia tri nhé nhat. Ham thoi gian Y ssig—
min nén gid trj toi wu Yssyg thudc ving mau xanh duong dam.

3.11.3.3 X4c dinh céac thong s6 t6i wu ddi véi ham thoi gian Yissyg

Bai toan t6i wu dwoc giai trén may tinh nhd sy hd trg cua phan mém
Matlab két qua thé hién phu luc 58. Ham thoi gian duoc tdi wu hoa theo phuwong
trinh (3.51).

Ham muc tiéu: Yssig— min.

Cac diéu kién rang budc: -1,414 <x; <+1,414 ;i = 1+2.

Bang 3.10. Gid trj toi wu- ham thoi gian Yssyg, (gio)

Théng so _ Théng s6 Gia tri
STT . Giatri . .
dau vao dau ra toi vu
1 Xq 1,345 58,7°C v 64,29 (gio)
, gio
2 X, 02519 | 625,19 Wim? ooz

Qua bang 3.10 cho thay ham thoi gian Yssy, (h) dat gia tri toi wu 14 64,29

(gid) véi X, = 1,345 (Ts = 58,7 °C ) X, = 0,2519 (X, = 625,19 W/m?). Véi két
qua ti uu dat dugc cho thay nhiét do sdy va cuong do bic xa hong ngoai anh
huong thoi gian sdy ca hai yéu t nay diéu dat gia trj trong ving nghién cau. Vi
két qua trén cho thay dé rdt ngan thoi gian siy cho gd Cam xe can thiét phai tang
nhiét do sy va cudng do birc xa hdng ngoai s& gop phan thuc day qua trinh thoat
am tir trong thanh gd va khuéch tan hoi am ra méi truong.

3.11.4 Két qua thuc nghiém say chan khong gé Ciam xe kich thwéc 50 x
50 x 500 mm - thong so ty 18 khuyét tat (Yssg )

3.11.4.1 M6 hinh bac nhat (bac 1) Yssia

Tién hanh say chan khong gd Cam xe thuc nghiém dé xac dinh cac théng sé
t6i wu — thong sb dau ra ty 1é khuyét tat gd Yssyu

Ma tran thi nghiém va két qua thi nghiém bac nhat duoc thé hién phu luc 25.
Tién hanh phan tich phurong sai va hoi quy cho ham toan dang da thtc bac nhat
cho két qua trinh bay phu luc 28:

M6 hinh bac nhit c6 thé duoc viét theo dang nhu phwong trinh sau:
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Y =Dbg + b1Xy + boXy + bipXiXy,

Phuong trinh héi quy ty 18 khuyét tit Yssw (%) v6i hé sé twong quan R-
squared = 0,9 ¢6 dang ma hda la:

Yssier = 3,99286 + 1,5.X; + 1,22.X; + 0,82.X1.X, (3.52)

Qua phu luc 28, 29 cho thiy cac hé s6 hdi quy déu dam bao do tin cay voi
muc y nghia (P-value > 0,05). Bé kiém dinh su tuong thich ctia phuong trinh hoi
qui véi thue nghiém can thiét phai kiém dinh theo tiéu chuan Fisher véi a = 0,05.

Fy=346,74 > F,=18,513 => mé hinh khéng tuong thich.

Vay phuong trinh hdi qui (3.52) tim dugc khong twong thich véi thuc
nghiém. Do phuong trinh hdi qui Yssi khong twong thich thuc nghiém do d6 can
thiét phai tién hanh cai tién md hinh mg rong ving nghién cau, nang bac cua
phuong trinh thyc nghiém tir bac nhét Ién bac hai va mién thi nghiém luc nay
dugc mao rong ra voi canh tay don +a.

3.11.4.2 M0 hinh bac hai (bac 2) Ysske

Khi nang bac phuong trinh tir bac nhat 1én bac hai phuong an thuc nghiém
tién hanh theo phuong phap bat bién quay bac 11 cua Box Hunter. Ma tran va két
qua thi nghiém dang ma hod thé hién phu luc 30. Tir ma tran thi nghiém tién hanh
phan tich phuong sai va hoi qui véi két qua dat duogc thé hién phu luc 33, 34.

M6 hinh bac hai dugc chon nhu sau:

Y = Do+ byxg++ boXy +01oXaXo+ ByiXg®+ bppX,?

Hé sé tuong quan R = 0,9

Phuong trinh hdi qui dang ma hoa bac hai thé hién ty 1& khuyét tat Yss, sau
khi say chan khéng gd Cam xe nhu sau:

Yssko = 5,102 +2,63932.X; +2,083.X, + 1,6125.X,.X, + 1,014.X12 + O,7365.X22
(3.53)

Tur phu luc 33, 34 thé hién két qua phan tich Anova va cac hé sb hdi qui
duogc kiém tra do tin cay theo tiéu chuan Student, cac hé sé hoi quy cua théng sb
da do tin cay véi mirc ¥ nghia (P-value > 0,05). Bé kiém dinh sy twong thich cua
phuong trinh hoi qui vai thuc nghiém can thiét ta phai kiém dinh theo tiéu chuan

Fisher v4i o = 0.05.
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Ta co Fy= 5,45 < Fy, = 6,5914 => M6 hinh dam bao tuong thich, mé hinh
hoi qui Y5sy & phii hop. Vay phuong trinh hdi qui (3.53) tim dugc thdng sé dau
ra Yssk tuong thich vai thuc nghiém.

Phuong trinh hoi qui thé hién mtc d6 anh hudng caa cac yéu té dau vao X,
(nhiét do sdy), X, (cuong do bic xa hdong ngoai), véi thong sé dau ra Ysse (ty 16
khuyét tat)

5.102 + 2.63932 Xt 0.7365 X, X,
Do thi mien ve moi quan he X1,X2 va Y55kt2

0.5

CSOSOSS
SERERES
SSSSSSS

-0.5

Cong suat ngucn phat hong ngeai
(=]

-1 -0.5 0 0.5 1
Nhietdo

(b)
Hinh 3.41. B4 thi 3D (a) va mién (contour) (b) mdi quan hé X;, X, Va Ysse

Mbi quan hé gitra cac thong s6 Xy X, Vi Yssue, thé hién chi tiét qua d6 thi
hinh 3.41. P4 thi 3D biéu dién phuong trinh twong quan mdi quan hé X;X,; va
Ysskz bang mién luéi trong khéng gian, mién ludi biéu dién céc gia tri thoa man
diéu kién rang buoc caa Xy, Xy,

Dé quan sat va xac dinh mién ti vu cu thé hon chiéu d6 thi 3D 1&n hé mat
phing 2D, qua db thi mién méi quan hé giira X; X, Va Ysske trong mit phang 2D,
quan sat thdy do thi chia thanh cac viing ¢ mau sic khac nhau twong tng cac
viing gia tri khac nhau. Ving mau do6 1a ving gié tri 16n nhat va trai dai vé phia
mau xanh duong 12 ving gié tri nho nhat. Ham ty 18 khuyét tat Yssq, — min nén
gia tri toi vu Yssee thudc viing mau xanh duong dam.

3.11.4.3 Xac dinh cac thong s6 téi wu ham ty 1& khuyét tat Yss

Bai toan t6i wu duoc giai trén may tinh nho sy hd trg cia phan mém
Matlab két qua thé hién phu luc 59. Ham ty 1& khuyét tat duoc t6i wu hoa theo
phuong trinh (3.53).

Ham muc tiéu: Yssup— min.
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Cac diéu kién rang budc: -1,414 < x; <+1,414 ;i = 1+2.
Bang 3.11. Gid tri toi uu - ty 1& khuyét tat Ysse (%)

Thoéng so _ Thong s6 Giatri
STT . Giatri . ,
dau vao daura to1 vu
1 X, -1,3662 452°C
. Y 55kt 3,38 (%)
2 X5 0,0815 | 608,15 W/m

Qua bang 3.11 cho thay ham ty 1é khuyét tat Yss, (%) dat gid tri t6i uvu 1a
3,39 (%) v6i X, = 0,0815 (Ts = 45,2°C ) X, = 0,0815 (X, =608,15 W/m?). Vi két
qua ti uu dat dugc cho thay nhiét do siy va cuong do bic xa hong ngoai anh
huong ty 18 khuyét tat theo hudng ty 1é thuan, ca hai yéu té nay diéu dat gia tri
trong vung nghién cau. Véi két qua trén cho thay dé giam ty 18 khuyét tat cho gb
Ciam xe can thiét phai giam nhiét do sdy va cudng do bic xa hong ngoai.

3.11.5 Két qua thuc nghiém siy chan khong g6 Cim xe kich thwéc 20
X 150 x 500 mm - thong s6 dau ra thoi gian say (Y215tg )

3.11.5.1 M8 hinh bac nhat (bac 1) Y5

Tién hanh say chan khong gé Cam xe thuc nghiém dé xac dinh cac thong
$6 t6i uru — thong s6 dau ra thoi gian say Yoisig

Ma tran thi nghiém va két qua thi nghiém bac nhét duoc thé hién phu luc
35. Tién hanh phan tich phuong sai va hoi quy cho ham toan dang da thuc bac
nhét cho két qua trinh bay phuy lyc 36:

M6 hinh bac nhit c6 thé duoc viét theo dang nhu phwong trinh sau:

Y = Do + biXg + boXp + boXiXo,

Phuong trinh hoi quy thoi gian sy Yaisig (gi0) V6i hé s6 twong quan R-
squared = 0.9 c6 dang méa hoa la:

Y 1511 = 55 - 9.75.X; -4, 25.X, + 1,75.X,.X, (3.54)

Qua phu luc 36, 37 cho thay cé4c hé sé hdi quy déu dam bao do tin cay véi
muc y nghia (P-value > 0,05). Bé kiém dinh su tuong thich ctia phuwong trinh hoi
qui véi thuc nghiém can thiét phai kiém dinh theo tiéu chuan Fisher vai o = 0,05.

Fi=43,75> F,= 18,513 =>m0 hinh khéng tuong thich.

Vay phuong trinh hdi qui (3.54) tim dugc khong twong thich voi thuc
nghiém. Do phuong trinh hoi qui Y15t khong tuwong thich thuc nghiém do do
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can thiét phai tién hanh cai tién mé hinh mé rong ving nghién ctu, nang bac cua
phuong trinh thyc nghiém tir bac nhat I&n bac hai va mién thi nghiém lic nay
dugc mao rong ra vaoi canh tay don +a.

3.11.5.2 M6 hinh béc hai (bac 2) Y154

Khi nang bac phwong trinh tir bac nhat Ién bac hai phwong an thwc nghiém
tién hanh theo phuong phap bat bién quay bac 1l cua Box Hunter. Ma tran va két
qua thi nghiém dang ma hod thé hién phu luc 40. Tir ma tran thi nghiém tién hanh
phan tich phuong sai va hdi qui véi két qua dat duoc thé hién phu luc 41, 42.

M® hinh bac hai duoc chon nhu sau

Y = byt biXg++ DXp +0ioXaXo+ DipXa ™+ DaoX,’

Hé s6 tuong quan R = 0,9

Phuong trinh hdi qui dang ma hod bac hai thé hién thoi gian sdy Y5, Sau
khi say chan khdng gb Cam xe nhu sau

Youstgz = 51 - 13,2175.X; - 10,6872.X, + 5,5.X1.X> + 3,9375.X,” + 3,6875.X,”
(3.55)

Tur phu luc 41, 42 thé hién két qua phan tich Anova va cac hé s6 hoi qui
duoc kiém tra do tin cay theo tiéu chuan Student, cac hé sé hdi quy cua théng sb
da do tin cay voi mirc y nghia (P-value > 0,05). Bé kiém dinh sy twong thich cua
phuong trinh héi qui vai thyc nghiém can thiét ta phai kiém dinh theo tiéu chuan
Fisher vai a = 0.05.

Ta co F= 2,94 < F1, = 6,5914 => M0 hinh dam bao tuong thich. mé hinh
hdi qui Y 215142 12 phU hop. Vay phuong trinh héi qui (3.55) tim dugc thdng so6 dau
ra Yistg twong thich véi thyc nghiém.

Phuong trinh hoi qui thé hién mirc d6 anh hudng cia cac yéu td dau vao X,
(nhigt @6 say), X, (cuong do btc xa hong ngoai), véi thong s6 dau ra Yosg (thoi
gian say ).

M&i quan hé giira cac thdng sé X; X, VGi Yarsyg, thé hién chi tiét qua d6
thi hinh 3.42. B4 thi 3D biéu dién phuong trinh tuong quan mdi quan hé X, Xj;
VA Y 151 bANg mién lusi trong khong gian, mién luéi biéu dién cac gia tri thoa

mén diéu kién rang budc cua Xy, X,



125

51-13.2175 X, =t 3.6875 X, X,

Do thi mien ve moi quan he X1,X2 va Y215tg2

100

Cong suat nguon phat hong ngoai
(=]

-1 k
-1 -0.5 0 0.5 1
Nhietdo

(b)
Hinh 3.42. D4 thi 3D (a) va mién (contour) (b) quan hé Xj, X, va Y 154

Dé quan sat va xac dinh mién ti vu cu thé hon chiéu d6 thi 3D 1én hé mat
phang 2D, qua d6 thi mién mdi quan h¢ gitta X;Xp; VA Yaisg trong mat phang
2D (d6 thi contour), quan sat thay d6 thi chia thanh cac viing c6 mau sac khac
nhau tuong (ng c&c ving gié tri khac nhau. Ving mau do 1a viing gia tri 16n nhat
VA trai dai vé phia mau xanh duong 13 viing gia tri nhd nhat. Ham thoi gian Yaysig
— min nén gia tri t6i uu Yasyg thudc viing mau xanh duong dam.

3.11.5.3 X4e dinh cac thong s6 téi wu ham théi gian Yo

Bai toan tdi wu dwoc giai trén may tinh nho sy hd trg cua phan mém
Matlab két qua thé hién phu luc 61. Ham thoi gian duoc t6i wu hoa theo phuong
trinh (3.55). Ham muyc tiéu: Y1sig— min.

Cac diéu kién rang buoc: -1,414 < x; <+1,414 ;i = 1+2.

Bang 3.12. Gid trj toi wu ham thoi gian Yoisy (9i0)

Thong s6 _ Thong so Giatri
STT ‘ Gia tri ‘ ,
dau vao dau ra toi uu
1 X4 1,3907 58,9 °C 39,61 (gid)
Y 61 (gid
2 X, 0,412 | 6412 Win’ Ziotez

Qua bang 3.12 cho thdy ham thai gian Y sy (gi0) dat gid tri toi wu nhét la
39,61 (gio) V6i X, =1,3907 (Ts = 58,9°C ) X, = 0,412 (X, =641,2 W/m?). Vi két
qua t6i wu dat dugc cho thay nhiét do sdy va cudng do buc xa hong ngoai anh

huong thoi gian sdy ca hai yéu t nay diéu dat gia trj trong ving nghién cau. Vi
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két qua trén cho thay dé rdt ngan thoi gian siy cho gd Cam xe can thiét phai tang
nhiét 6 siy va cuong do buc xa hdng ngoai.

3.11.6 Két qua thuc nghiém siy chan khong gé Cim xe kich thwéc 20 x
150 x 500 mm - thong s6 diu ra ty 1& khuyét tat (Y5 )

3.11.6.1 M6 hinh bac nhat (bac 1) Y5

Tién hanh say chan khong gd Cam xe thuc nghiém dé xac dinh cac théng sé
t61 wu — thong sb dau ra ty 16 khuyét tat g6 Y sk

Ma tran thi nghiém va két qua thi nghiém bac nhat dwgc thé hién phu luc 35.
Tién hanh phan tich phuong sai va hdi quy cho ham toan dang da thic bac nhat
cho két qua trinh bay phu luc 38, 39:

M6 hinh bac nhat c6 thé duoc viét theo dang nhu phwong trinh sau:

Y = b + byXy + boXa + bioXiXo,

Phuong trinh hoi quy ty & khuyét tat Yas (%) voi hé s tuong quan R-
squared = 0.9 c6 dang méa hda la:

Yoisa = 3,65286 + 1,5425.X; + 0,5475.X; + 0,6775.X1.X, (3.56)

Qua phu luc 38, 39 cho thiy cac hé s6 hdi quy déu dam bao do tin cay voi
muc ¥ nghia (P-value > 0,05). Bé kiém dinh sy tuong thich ctia phwong trinh hoi
qui véi thuc nghiém can thiét phai kiém dinh theo tiéu chuan Fisher vai o = 0,05.

F.= 286,97 > F,=18,513 => mé hinh khéng twong thich.

Vay phuong trinh hdi qui (3.56) tim dugc khong twong thich véi thuc
nghiém. Do phuong trinh hoi qui Y151 khong tuong thich thuc nghiém do do
can thiét phai tién hanh cai tién mé hinh mé rong ving nghién ctu, nang bac cua
phuong trinh thyc nghiém tir bac nhét Ién bac hai va mién thi nghiém luc nay
dugc mé rong ra voi canh tay don +a.

3.11.6.2 M6 hinh bac hai (bac 2) Y1510

Khi nang bac phuong trinh tir bac nhat 1én bac hai phuong an thuc nghiém
tién hanh theo phuong phap bat bién quay bac 1l cua Box Hunter. Ma tran va két
qua thi nghiém dang ma hoa thé hién phu luc 40 . Tir ma tran thi nghiém tién
hanh phan tich phuong sai va hoi qui vai két qua dat dugc thé hién phu luc 43,
44,
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M®& hinh bac hai duwgc chon nhu sau

Y = bo+ DiXo++ DoXo H0ioXeXo+ D11Xi*+ DopXo?

Hé sb twong quan R = 0,9

Phuong trinh héi qui dang ma hod bac hai thé hién ty 16 khuyét tat g6 Y sk
sau khi say chan khéng g Cam xe nhu sau

Yoisko = 5,418 + 2,79271.X; + 2,29869.X, + 1,6125.X:.X, + 1,02538.X12 -
0,815375.X,” (3.57)

Tur phu luc 43, 44 thé hién két qua phan tich Anova va cac hé sé hoi qui
duogc kiém tra do tin cay theo tiéu chuan Student, cac hé sé hoi quy cua théng sb
da do tin cay véi mirc y nghia (P-value > 0,05). Bé kiém dinh sy tuong thich cua
phuong trinh héi qui vai thyc nghiém can thiét ta phai kiém dinh theo tiéu chuan
Fisher vai a = 0.05.

Ta co F= 4,7 < Fyp = 6,5914 => M6 hinh dam bao tuwong thich, m6 hinh hoi
qui Yaiske 13 phil hop. Vay phuong trinh hoi qui (3.57) tim dugc thong sé dau ra
Y150 tuwong thich vai thuc nghiém.

Phuong trinh hoi qui thé hién mic d6 anh hudng cia cac yéu té dau vao X,
(nhiét do say), X, (cudng do birc xa hdng ngoai) véi thong sé dau ra Y yse (ty 18

khuyét tat)

5.418 +2.79271 x, +..+ 0.8153755 x,, x,
Do thi mien ve moi quan he X1,X2 va Y215kt2
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(a) (b)
Hinh 3.43. P4 thi 3D (a) va mién (contour) (b) mdi quan hé Xy, X, va Y 1ske

M&i quan hé giira cac thdng sb X; X, V&I Yarske, thé hién chi tiét qua dd

thi hinh 3.43. D6 thi 3D biéu dién phuong trinh twong quan mdi quan hé X, X»;
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Va Y152 bang mién ludi trong khong gian, mién ludi biéu dién céc gia tri thoa
mén diéu kién rang budc cua Xy, Xy,

Dé quan sat va xac dinh mién téi uu cu thé hon chiéu do thi 3D Ién he mat
phing 2D, qua d6 thi mién mdi quan hé giita X, X5; V& Y150 trong mat phang
2D, quan sat thdy d6 thi chia thanh céc viing c6 mau sic khac nhau tuong tng
cac ving gia tri kKhac nhau. Ving mau do6 1a ving gia tri 16n nhat va trai dai vé
phia mau xanh duong la viing gia tri nho nhat. HAm t6i uu Y 50— min nén gia
tri t6i wu Y1500 thudc viing mau xanh duwong dam.

3.11.6.3 Xac dinh cac thong soé téi wu ham ty 18 khuyét tat Y50

Bai toan t6i wu dwoc giai trén may tinh nho sy hd trg cia phan mém
Matlab két qua thé hién phu luc 62 . Ham ty Ié khuyét tat duoc téi vu hoa theo
phuong trinh (3.57).

Ham muc tiéu: Y5— min.

Céc diéu kién rang buoc: -1,414 <x; <+1,414 ;i = 1+2.

Bang 3.13. Gia tri toi wu - ham ty 1& khuyét tat Y y150 (%)

Théng sb _ Théng s6 Giatri
STT o Gia tri . ,
dau vao daura 101 wu
1 X, -1,139 46,3°C %
Y 3.5 (%
2 X, 20,2833 | 571.67 W/m? 2ok

Qua bang 3.13 cho thay ham khuyét tat Y s (%) dat gid tri toi uu nhat 12

3,5 (%) voi X, = -1,139 (Ts =46,3 °C ) X, = -0,2833 (X, = 571,67 W/m?). Voi két
qua ti uu dat dugc cho thay nhiét d6 siy va cuong do bic xa hong ngoai anh
huong thoi gian say theo hudng ty 1& thuan, ca hai yéu té nay diéu dat gia tri
trong vung nghién cuu.

3.11.7 Két qua thuc nghiém sdy chan khong gé Cim xe kich thwéc
50x150mm - thong s6 thoi gian say Ysgs

3.11.7.1 M8 hinh bac nhat (bac 1) Yss g

Tién hanh say chan khong gd Cam xe thuc nghiém dé xac dinh cac théng sé

t6i wu — thong s6 dau ra thoi gian say Ysgs g
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Ma tran thi nghiém va két qua thi nghiém bac nhat duoc thé hién phu luc 45.
Tién hanh phan tich phuong sai va hoi quy cho ham toan dang da thirc bac nhat
cho két qua trinh bay phu luc 46:

M0 hinh bac nhat c¢6 thé dugc viét theo dang nhu phuong trinh sau:

Y = b + byXy + boX; + byoXaX,

Phuong trinh hoi quy thoi gian siy Ysis g1 (9i0) va&i hé s6 tuong quan R-
squared = 0.9 c6 dang méa hda la:

Ysis5 tg1 = 158,714 - 16,25.X, -3,75.X5 + 2,25.X1.X> (3.58)

Qua phu luc 46, 47 cho thay cac hé s6 hoi quy déu dam bao do tin cay voi
muc y nghia (P-value > 0,05). Bé kiém dinh su tuong thich ctia phuong trinh hoi
qui véi thuc nghiém can thiét phai kiém dinh theo tiéu chuan Fisher véi a = 0,05.

F.=38,68 > F,= 18,513 =>m0 hinh khéng tuong thich.

Vay phuong trinh hdi qui (3.58) tim dugc khong twong thich véi thuc
nghiém. Do phuong trinh hoi qui Yss 11 khong twong thich thuc nghiém do do
can thiét phai tién hanh cai tién mé hinh mé rong ving nghién ciu, nang bac cua
phuong trinh thuc nghiém tir bac nhat 1én bac hai va mién thi nghiém ldc nay
dugc mo rong ra vai canh tay don +a.

3.11.7.2 M6 hinh béc hai (bac 2) Ysisg

Khi nang bac phuong trinh tir bac nhat 1én bac hai phuong an thuc nghiém
tién hanh theo phuong phap bat bién quay bac 11 cua Box Hunter. Ma tran va két
qua thi nghiém dang ma hoa thé hién phu luc 50 . Tir ma tran thi nghiém tién
hanh phan tich phuong sai va hdi qui véi két qua dat duoc thé hién phu luc 51,
52.

M©6 hinh béac hai dugc chon nhu sau

Y = bot byXg++ DoXy +D1oX X+ basXa®+ byoXy”

Hé sb twong quan R = 0,9

Phuong trinh hdi qui dang ma hoa bac hai thé hién thoi gian say Ys;s g Sau
khi say chan khdng gb Cam xe nhu sau

Ysisgz = 126,6 - 13,7175.X; - 10,2301.X, + 6.X1. X5 + 4,6375.X,” + 4,3875.X,°
(3.59)
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Tur phu luc 51, 52 thé hién két qua phan tich Anova va cac hé sé hoi qui
duoc kiém tra do tin cay theo tiéu chuan Student, cac hé sé hdi quy cua thdng sb
da do tin cay voi mirc ¥ nghia (P-value > 0,05). Bé kiém dinh sy twong thich cua
phuong trinh hoi qui vai thuc nghiém can thiét ta phai kiém dinh theo tiéu chuan
Fisher véi a = 0.05.

Ta co F= 1,87 < Fy., = 6,5914 => M6 hinh dam bao tuong thich, mé hinh
hdi qui Ysisig 12 phl hop. Vay phuong trinh héi qui (3.59) tim dugc thong s6 dau
ra Ysisig, twong thich voi thyc nghiém.

Phuong trinh hoi qui thé hién mizc do anh hudng cua cac yéu té dau vao X
(nhiét d¢ say), X, (cudng do bic xa hdng ngoai), véi thdng s6 dau ra Yssg (thoi

gian say).

126.6 - 13.7175 X, =t 4.3875 X, X,

Do thi mien ve moi quan he X1,X2 va Y515tg2

180

Cong suat nguon phat hong ngoai

-1 -0.5 0 0.5 1
Nhietdo

(b)
Hinh 3.44. Do thi 3D (a) va mién (contour) (b) méi quan hg Xy, X, Va Ysstg

M&i quan hé giita cac thong s6 Xy X, V6i Ysisyg, thé hién chi tiét qua o
thi hinh 3.44. B6 thi 3D biéu dién phuong trinh tuong quan mbi quan hé X, Xj;
VA Y1514 bang mién ludi trong khong gian, mién ludi biéu dién cac gia tri thoa
mén diéu kién rang budc cua Xy, Xy,

Dé quan sat va xac dinh mién téi vu cu thé hon chiéu d6 thi 3D Ién hé mit
phang 2D, qua dd thi mién méi quan hé giira X;Xz; VA Ysisy trong mit phang
2D, quan sét thay d6 thi chia thanh céc viing c6 mau sic khac nhau tuong tng
cac vling gia tri khac nhau. Ving mau do6 1a ving gia tri 16n nhat va trai dai vé
phia mau xanh duong |a ving gié tri nhé nhat. Ham thoi gian Y 51552 — min Nén

gia tri toi vu Ysistg2 thudc ving mau xanh duong dam.
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3.11.7.3 Xae dinh cac thong sb toi wu ddi véi ham thai gian Yssg,

Bai toan tdi wu dwoc giai trén may tinh nho sy hd trg cua phan mém
Matlab két qua thé hién phu luc 64. Ham thoi gian duoc t6i uu héa theo phuong
trinh (3.59).

Ham muc tiéu: Ys;sg — min.

Céc diéu kién rang buoc: -1,414 < x; <+1,414 ;i = 1+2.

Bang 3.14. Gia trj toi wu - ham thai gian Ysisyg, (gi0)

Théng so _ Théng so Gia tri
STT L Giatri . .
dau vao daura 101 wu
1 X, 1,2987 58,5 °C v o)
116,28 (g1
2 X, 02778 | 627.8 W/m’ o2 g

Qua bang 3.14 cho thay ham thai gian Yssy, (h) dat gid tri toi wu 1a 116,28
(i) Vi X, = 1,2987 (Ts = 58,5°C ) X, = 0,2778 (X, = 627,8 W/m? ). Vi két
qua téi wu dat dugc cho thay nhiét do sdy va cudng do buc xa héng ngoai anh
huong thoi gian siy ca hai yéu té nay diéu dat gia tri trong viing nghién cau.
3.11.8 Két qua thuc nghiém say chan khong gé Ciam xe kich thwéc
50x150mm - thong so ty 1& khuyét tat Ysisw
3.11.8.1 M6 hinh béc nhét (bac 1) Ysisi
Tién hanh say chan khong gd Cam xe thuc nghiém dé xac dinh cac théng sé
t61 uu — thdng sb dau ra ty 16 khuyét tat Ysise
Ma tran thi nghiém va két qua thi nghiém bac nhat dugc thé hién phu luc 45.
Tién hanh phan tich phuong sai va hoi quy cho ham toan dang da thic bac nhat
cho két qua trinh bay phu luc 48:
M0 hinh bac nhat c¢6 thé dugc viét theo dang nhu phuong trinh sau:
Y = Do + biXg + boXp + boXiXo,
Phuong trinh hoi quy ty 18 khuyét tat Ysisin (%) V6i hé s6 twong quan R-
squared = 0.9 c6 dang méa hda la:
Ysisien = 4,31143 + 1,4575.X; + 1,0075.X; + 0,6275.X,.X, (3.60)
Qua phu luc 48, 49 cho thay cac hé s6 hoi quy déu dam bao do tin cay voi
mtc ¥ nghia (P-value > 0,05). Bé kiém dinh sy tuong thich ctia phwong trinh hoi

qui véi thue nghiém can thiét phai kiém dinh theo tiéu chuan Fisher véi a = 0.05.
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Fy=182,97 > F,=18,513 => mé hinh khéng tuong thich.

Vay phuong trinh hdi qui (3.60) tim dwgc khong twong thich véi thuc
nghiém. Do phuong trinh hdi qui Ysisin khong twong thich thyc nghiém do d6
can thiét phai tién hanh cai tién mé hinh mé rong ving nghién ctu, nang bac cua
phuong trinh thyc nghiém tir bac nhat I&n bac hai va mién thi nghiém lic nay
dugc mao rong ra vai canh tay don +a.

3.11.8.2 M6 hinh bac hai (bac 2) Yeis

Khi nang bac phuong trinh tir bac nhat 1én bac hai phuong an thyc nghiém
tién hanh theo phuong phap bat bién quay bac 11 cua Box Hunter. Ma tran va két
qua thi nghiém dang ma hoa thé hién phu luc 50. Tir ma tran thi nghiém tién hanh
phan tich phuong sai va hoi qui véi két qua dat duogc thé hién phu luc 53, 54.

M® hinh bac hai duoc chon nhu sau

Y = bo+ byXo++ byXo +0oXiXo+ D1aXe"+ DyoX,”

Hé s6 tuong quan R = 0,9

Phuong trinh hi qui dang ma hoa bac hai thé hién thoi gian siy Yisse Sau
khi say chan khdng gd Cam xe nhu sau

Y1502 = 8,406 + 2,63932.X + 2,083.X, + 1,6125.X,.X, + 1,012.X12 - 0,7345.X22
(3.61)

Tir phu luc 53, 54 thé hién két qua phan tich Anova va cac hé sé hdi qui
duogc kiém tra do tin cay theo tiéu chuan Student, cac hé sé hoi quy cua thong sb
da do tin cay voi mirc y nghia (P-value > 0,05). Bé kiém dinh sy twong thich cua
phuong trinh héi qui vai thyc nghiém can thiét ta phai kiém dinh theo tiéu chuan
Fisher vai a = 0.05.

Ta c6 F= 5,69 < Fy, = 6,5914 => Mo hinh dam bao twong thich, mé hinh
hdi qui Ysiske 12 phil hop. Vay phuong trinh hoi qui (3.61) tim dugc thdng s6 dau
ra Ysiske trong thich véi thuc nghiém.

Phuong trinh hoi qui thé hién mic do anh hudng cua cac yéu td dau vao X,
(nhiét do say), X, (cudng do birc xa hong ngoai), vai thong sé dau ra Ysise (ty
1& khuyét tat)
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8.406 + 2.63932 x +...+ 0.7345 x_ X
1 2 2 Do thi mien ve moi quan he X1,X2 va Y515kt2
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Cong suat nguon phat hong ngoai
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1 Nhietdo

(a) (b)
Hinh 3.45. D6 thi 3D (a) va mién (contour) (b) méi quan hé Xy, X, va Ysiske

Mbi quan hé giita cac thong s6 X; X, Voi Ysise, thé hién chi tiét qua do
thi hinh 3.45. 6 thi 3D biéu dién phuong trinh tvong quan mdi quan hé X, Xj;
Va Y515 bang mién ludi trong khong gian, mién ludi biéu dién céc gia tri thoa
mén diéu kién rang budc cua Xy, Xy,

Dé quan sat va xac dinh mién téi uu cu thé hon chiéu do thi 3D Ién he mat
phang 2D, qua d6 thi mdi quan hé giita X;X,; Va Ysisi trong mat phang 2D quan
sat thiy do thi mién chia thanh céc ving c6 mau sic khac nhau tuong tng cac
viing gia tri khac nhau. Ving mau do6 la ving gié tri 16n nhat va trai dai vé phia
mau xanh duong 14 viing gia tri nho nhat. Ham ty & khuyét tat Ysisq, — min nén
gia tri t6i uu Ysisee thudc viing mau xanh duong dam.

Qua db thi hinh 3.45 thé hién méi quan hé giira hai yéu t6 X;, X, V6i
thong s6 Ysisue (%) :

Nhin chung d6 thi c6 xu hudng ting khi gia tri X1, X, = cuc dai (max)
va c¢6 xu huéng giam khi gia tri Xy, X, = cuyc tiéu (min), diéu nay
khang dinh ching c6 mdi quan hé ty 18 thuan.

Khi gia tri X3, X, = cuc dai (max) thi nhiét do siy cang cao, ap suat
cang 16n, véi tac dong caa nhiét (twong (ng &p suat nhat dinh) hinh
thanh mat s6i di chuyén tir bé mat thanh gd vao sau trong tam gd, thic
day qua trinh hoa hoi va din nuéc thoat ra ngoai, khi d6 do am gd
giam. Tuy nhién giam am quéa nhanh va chénh léch nhiét d6 bé mat va

tam thanh g6 nén dan dén hinh thanh khuyét tat.
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Dé ty 1& khuyét tat Ysise (%) > min dat gia tri téi wu (thudc ving mau
xanh duong dam d6 thi hinh 3.47 b) .
3.11.8.3 X4c dinh cac thong s6 téi wu ham ty 1é Khuyét tit g8 Ysiske
Bai toan t6i wu dwoc giai trén may tinh nhd sy hd trg cua phan mém
Matlab két qua thé hién phu luc 65. Ham ty 1& khuyét tat duoc t6i wu hoa theo
phuong trinh 3.61. Ham muc tiéu: Y's5— min.
Céc diéu kién rang buoc: -1.414 < x; <+1.414 ;i = 1+2.
Bang 3.15. Gia tri toi uvu - ham ty 1& khuyét tat Y soxsoxe (%)

Théng so _ Théng so Giatri
STT L Gia tri . .
dau vao daura to1 uvu
1 X -1,139 46,3°C
. Y515kt 3,5 (%)
2 X5 -0,2833 | 571,7 W/m

Qua bang 3.15 cho thay ham ty 1¢ khuyét tat Yssie (%) dat gia tri t6i vu
13,5 (%) V6i X, =-1,139 (Ts = 46,3 °C) X, = -0,2833 (X, = 571,7 W/m?). V6i
két qua toi wu dat duoc cho thdy nhiét do sdy va cuong do bic xa hong ngoai anh
huong ty 18 khuyét tat theo huéng ty 1& thuan, ca hai yéu té nay diéu dat gia tri
trong vung nghién cuu.

3.11.9 Xac dinh c4c thong soé va chi tiéu phd hgp cho may sy chan
khong gb Cam xe

Xuat phat tir ca&c muc tiéu nghién ctu, bai toan duoc thiét 1ap trén co so
hai ham chi tiéu thoi gian sdy (tg), va ty 18 khuyét tat gd sau sy (kt) dac trung
cho cac chi tiéu nghién ciru 1a chat leong va ki thuat.

- Chi tiéu tbi vu vé ham thai gian siy tg 1a dai lugng dic trung cho chi tiéu
ki thuat cua thiét bi sdy, trong d6 thoi gian say ngan thi mic tiéu thu dién nang
riéng cang thap, mang lai loi ich va hiéu qua tiét kiém chi phi san xuat.

- Chi tiéu ti wu vé ty 1& khuyét tat dic trung cho chi tiéu vé chat luong
cua go sau sy, yéu to nay rat quan trong trong cong nghiép san xuat, giam ty I¢

khuyét tat s& gop phan nang cao gié tri nguyén liéu gd trong san xuét va sir dung
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- Chi tiéu téi uu chung hay con goi 1a da muc tiéu 1a bai toan thuong
lwong gitta chi tiéu chat luong va k§y thuat cua thiét bi sdy g6 Cam xe dé sao cho
d6ng thoi thoi gian say la ngan nhat, ty I& khuyét tat gd sau khi say 1a thap nhét.

- Thong sé téi uwu 14 gia tri cac théng sé dam bao tri s6 chi tiéu tdi wu. Céc
bai toan tdi vu duoc giai trén may tinh bang phan mém Matlab.

Nhu vay tir muc dich nghién citu, chling toi xét 4 bai toan téi wu nhu sau:

3.11.9.1 Kich thwéc g 20 x 50 x 500 mm Y gumzs

Bai toan t6i wu dwoc giai trén may tinh nhd sy hd trg cua phan mém
Matlab két qua thé hién phu luc 57

Ham thoi gian va ty 1& khuyét tat duoc téi wu hoa theo 2 phuong trinh .

Ham muc tiéu:

Yostg2 V& Yaosee — min.

Yastg2 = 38 - 13,0925.X — 10,5622.X5 + 5,75.X1. Xz + 4.X;” + 3,75.X,°

Yoo = 4,214 + 27818 X; + 2,29485.X, + 1,6125.X.X> + 1,00238.X,* -
0,827375.X,°

Céc diéu kién rang buoc: -1,414 <x; <+1,414 ;i = 1+2.

Bang 3.16 Gia tri t6i wu ham da muc tiéu Ygymos

Théng sb B} Théng s6 Giatri
STT L Giatr ) .
dau vao dau ra toi uu
1 X3 1,3907 58,9°C Y 25192 27,09 (gio)
2 X, 0,3421 | 634,21 W/m* Y 5k 11,67 (%)

3.11.9.2 Kich thuéc gd 50 x 50 x 500 mm Y gymss

Bai toan t6i wu duoc giai trén may tinh nho sy hd trg cia phan mém
Matlab két qua thé hién phu luc 60

Ham thai gian va ty 16 khuyét tat duoc ti wu hoa theo 2 phuong trinh

Ham da muc tiéu:

Ysstgz V& Ysskre — min.

Y55t92 =748 - 13,7175.X; - 10,2301.X5 + 6.X1. X5 + 4,5375.X,° + 4,2875.X5°

Ysso = 5,102 + 2,63932.X; + 2,083.X, + 1,6125.X;.X, + 1,()14.X12 +

0,7365.X,"
Cac diéu kién rang budc: -1,414 < x; <+1,414 ;i = 1+2.
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Bang 3.17 Gié tri t6i vu ham da muc tiéu Ygymss

Théng sb _ Théng sb Giatri
STT L Giatri . .
dau vao dau ra t61 uu
1 X1 1,3450 58,7 °C Y s5tg2 64,29 (gio)
2 X, 0,2519 | 625,2 W/m® Y sk 11,60 (%)

3.11.9.3 Kich thuéc gé 20 x 150 x 500 mm Y guma1s
Bai toan t6i wu dwoc giai trén may tinh nhd sy hd trg cua phan mém
Matlab két qua thé hién phu luc 63.
Ham thoi gian va ty 1é khuyét tat duoc ti wu hoa theo 2 phuong trinh.
Ham muc tiéu:
Youstge V& Yarske — min.
Yaisig2 = 51 - 13,2175.X - 10,6872.X5 + 5,5.X1. X5 + 3,9375.X;” + 3,6875.X,°
Youske = 5,418 + 2,79271.X; + 2,29869.X, + 1,6125.X:.X, + 1,02538.X,* -
0,815375.X,"
Cac diéu kién rang budc: -1,414 < x; <+1,414 ;i = 1+2.

Bang 3.18 Gia tri t6i wvu ham da muc tidu Ygma1s

Thong s6 _ Thong s6 Giatri
STT o Gia tri ‘ )
dau vao dau ra toi uu
1 X1 1,3907 58,9 °C Y 215192 39,61 (gio)
2 X5 0,4120 | 641,2 W/m® Y 1562 13,30 (%)

3.11.9.4 Kich thwdc 50 x 150 x 500 mm Y gyms1s
Bai toan t6i wu duoc giai trén may tinh nho sy hd trg cia phan mém
Matlab két qua thé hién phu luc 66
Ham thoi gian va ty I¢ khuyét tat duoc t6i wu hoa theo 2 phuong trinh.
Ham da muc tiéu:
Y52 VA Ysiskie — min.
Yeistg2 = 126,6 - 13,7175.X; - 10,2301.X5 + 6.X,. X5 + 4,6375.X,” + 4,3875.X,°
Y515k = 8,406 + 2,63932.X; + 2,083.X, + 1,6125.X,.X, + 1,012.X,% - 0,7345.X,°
Céc diéu kién rang buoc: -1,414 <x; <+1,414 ;i = 1+2.
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Bang 3.19 Gia tri tdi vu ham da muc tiéu Ygymsis

Théng sb _ Théng sb Giatri
STT L Giatri . .
dau vao dau ra t61 uu
1 X4 1,2987 58,5 °C Ys1stg2 116,28 (gi®)
2 X, 0,2778 | 627,8 W/m® Y515k 14,76 (%)

Trong qua trinh nghién ctru thuc nghiém va ly thuyét siy chan khong gé Cam
xe da mang lai nhitng két qua c6 ¥ nghia. Mac di nghién ciru theo qui mé phong
thi nghiém nhung nhitng két qua s& 1a tién dé quan trong gop phan vao trong linh
vuc say go. Bén canh d6, chung t6i ciing tién hanh nghién ctu siy g Cam xe
cuing qui cach day 20 mm bang phuong phap siy ddi luu bang hoi nudc hay con
goi say gian tiép moi truong khdng khi, két qua ghi nhan thoi gian tir luc (W =
40%) thi thoi gian sdy go dat (21 - 5 = 16 ngay), ty 1é khuyét tat (15 - 20%) (chi
tiét trinh bay phu luc B). Tir két qua trén cho thay, phuong phap say chan khong
c6 nhiéu thuan lgi vé mat rat ngan thoi gian sdy va giam ty 1é khuyét tat g sau
say so v4i phuong phap siy dbi luu bang hoi nude. Diéu nady mang lai lgi ich
trong cong nghé say gd, gia cong va ché bién gd, nang cao gia tri nguyén liéu go,
g6p phan mang liéu hiéu qua trong qué trinh san xuat san pham gd. Hién nay, véi
cdng nghé va k¥ thuat ngay cang hién dai, viéc (ing dung k¥ thuat siy gé chan
khong rat can thiét va hitu ich.

3.12 Cac bwéc quy trinh cong nghé siy chan khong gé Cim xe

Dua trén két qua thuc nghiém cho thay nhitng nhan t6 anh hudng tryc tiép
dén qua trinh sy chan khdng g Ciam xe. Cin cir vao két qua dat duoc nghién
ctiu trinh bay cac budc trong quy trinh siy chan khong két hop hong ngoai go
Cam xe nhu sau.

Budc 1: Chuan bi nguyén liéu gd

Budc 2: Xép gd vao budng say theo ting 16p, so le véi nhau

Budc 3: Pong ctra buong say

Budc 4: Cai dat ché do siy vai cac thdng sé nhiét do siy (T°C), cuong do
birc xa hdng ngoai Ph, W/m?, &p suét twong tng nhiét do sy (bar)

Budc 5: Khai dong may say

Budc 6: Theo ddi qua trinh sdy lién tuc dén khi gd dat d6 am 10 +1%
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Budc 7: Kiém tra do am gd, dat 10 1%, két thic qui trinh sy

Bang 3.20. Gia tri thong s cong nghé siy phu hop cho timg dang kich thudce

Kich thwéc (mm) | Nhigtdd ('C) | Apsuétchankhong | Cuwong dé birc xa
(bar) hong ngoai Py,
(W/m?)
A: 20 x 50 x 500 58,9 0,2 634,2
B: 50 x 50 x 500 58,7 0,2 625,2
C: 20 x 150 x 500 58,9 0,2 641,2
D: 50 x 150 x 500 58,5 0,2 627,8
~
—— J G6 Cim xe
Nguyen liéu go »J  Kichthuéc A, B, C,D
Cam xe Do am ban dau:
40 £ 2%
Y
Xép gd vao 6 Gc’)‘ dat song song trong
Budng sy »<  buong say
N—
A 4 ~ I3 ’ 5 A A
Pong kin cira Béng kin cira budng sfy
Budng sé >< Kiém tra hé¢ thong may
g say I PP
Keét noi nguon dién
l — —  Bat cong tit nguon
Cai dat ché do sdy . ] Nhigtd¢ say: T°C
) Cai dat thiét bj gia nhiét bic xa
L hdng ngoai Py, W/m?
Ap suat chan khéng: bar
A
Nhiét do siy T°C Cudng dd bic xa
Ap sut : bar hong ngoai Py, W/m?
\ / ~ Hé thdng gia nhiét
Khai dong may say - Bom chén khong
™ Hé théng cam bién nhiét do
l _ Héthong cam bien do am
Theo ddi thoi gian (" Theo di
qua trinh sdy »<  trong qué trinh
say go Cam xe

A 4

Kiém tra do 4m

Két thic qui trinh say

v

Hinh 3.46. So d6 cac budc qui trinh ¢éng nghé s

’f_)H (

=

Theo doi
d6 4m gd dat 10+1%

Tt cong tat ngudn
é Avi AR OS5 v nhey T
JA UU wdalll AV Pllu 11\.JIJ
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Thong qua so d6 hinh 3.46 trinh bay cic budc cong nghé trong qua trinh
sdy chan khéng gb Cam xe, gb dugc dit song song budng sdy theo vi tri kiéu so
le d¢ nhan dugc song hong ngoai mot cach dong déu nhat, tién hanh dong kin cira
budng sy, cai dit cac thong s6 cong nghé sdy : nhiét do, ap suat, cudng do birc
xa hdng ngoai. Sau khi cai dit cac théng sé cong nghé tién hanh khoi dong hé
thng gia nhiét, bom chan khong, cic hé thong cam bién nhiét 46 va am do. Tién
hanh theo di qua trinh siy thong qua hé théng cam bién, khi 46 4m dat theo yéu
cau két thiic qua trinh sy, tat hé théng may, cho thoi gian on dinh nhiét do dua
nguyén lidu gb ra ngoai.

Két luan chwong 3
Trén co s& cac phuong phap nghién ciru duge dé cap & chuong 2, chuong nay
trién khai cac két qua dat duoc nhu sau:

- Nghién ctru thuc nghiém xac dinh céc gia tri thong s nhiét vat ly va d6 am cua
gd Cam xe, vi cac thong sd nay vi lién quan truc tiép dén phuong trinh toan va
cac diéu kién ban dau va diéu kién bién. Gia tri caa cac thong sé duoc sur dung
trong viéc giai tim nghiém cho phuong trinh truyén nhiét va truyén am trong qué
trinh say chan khong hong ngoai gd Cam xe

- Xay dung mo hinh vat ly qué trinh sdy gé Cam xe gia nhiét bang birc xa hong
ngoai dudi diéu Kién ap suat chan khong dé tir d6 tién hanh xay dung va xac dinh
m6 hinh toan mé ta qué trinh phan bd nhiét va am trong qua trinh say chan khéng
g6 Cam xe.

- Phan tich qué trinh can bang nang lugng xay ra trong nguyén liéu gé khi siy
chan khong hong ngoai; tir d6 xay dung phuong trinh todn truyén nhiét, truyén
am, bén canh d6 xac dinh cac bién cua thanh gd sat thuc té dé xay dung diéu kién
bién pht hop véi phuong trinh truyén nhiét, truyén am.

- Giai phuong trinh truyén nhiét, truyén am bang phuong phap sé (phan tir hitu
han, Galerkin két hgp phan mém mé phong Comsol Multiphysics), nghiém bai
toan 1a md ta dién bién qu4 trinh ting nhiét 46 va giam do am bén trong vat liéu;
tat ca dién bién nay thay ddi theo thoi gian dugc md phong thdng qua hinh anh,
biéu do, do thi dudi dang duong cong nhiét va duong cong sy trong qué trinh

sdy chan khong g6 Cam xe.
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- Xac dinh mic d6 phl hop phuong trinh toan tién hanh so sanh giira két qua tir
qua trinh mé phong ly thuyét vai két qua tir thuc nghiém, tir d6 nhan dinh vé& muc
d6 phi hop cua phuong trinh da duoc xay dung c6 thé md ta hién twong sat thuc
té hay khong va lam co sé dé dy doan két qua cho nhitng hién tuong vat Iy twong
tu ma khong can thuc nghiém.

- Nghién ctu thuc nghiém sdy chan khdng hong ngoai g4 Cam xe & nhiéu ché do
say khéc nhau str dung phuong phéap qui hoach thuc nghiém (dé ciap ¢ chuong 2)
xéac dinh cac théng s cong nghé say dau vao va dau ra va moi quan hé giita cac
thong so. Voi diéu kién nhiét do TNS 45 - 59 °C, ap suat chan khong tuong (g
0,1 - 0,217 bar va cudng d6 birc xa hdong ngoai 459 - 741 W/m2 thi thoi gian say
tir 27 - 116 gio, ty I¢ khuyét tat 10 - 13%, tly theo dang kich thuéc gdo Cam xe
nhat dinh. Két qua nghién cau cho thay thoi gian sy va ty leé khuyét tat gé phu
thudc va nhiét do siy va cuong do bc xa, ddng thoi anh huong truc tiép trén
ting dang qui cach kich thude khac nhau cua gd Cam xe. Céc sb lidu nay co do
tin cay chap nhan duoc (két qua nghién cau va thao luan dugc trinh bay & phan
3.5).

- Nghién ctru d3 xac dinh va khuyén nghi ché do say ph hop cho gé Cam xe 1a
nhiét ¢ TNS 1a 58,5 — 58,9°C, &p suat 0,2 bar, cuong do buc xa hong ngoai
625,2 — 641,2 W/m? cho kich thuéc gd Cam xe tir chiéu day 20, 50 mm va chiéu
rong 50, 150 mm.

- Théng qua két qua nghién ctu thuc nghiém xac dinh céac théng sé cong nghé
phu hop cho ché d6 sdy chan khéng gé Cam xe tir d6 lam co s& xay dung céc

buéc cdng nghé cho qua trinh say.
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KET LUAN VA KIEN NGHI

Két luan
Tu nhitng két qua nghién ciru dé tai dat duoc va rat ra mot sb két luan chinh
nhu sau:

Thue nghiém xac dinh cac thong sb nhiét vat Iy cua gd Cam xe: d6 4m béo
hoa thé gd, 46 am thing bang (can bang), d6 4m ban dau, khdi luong
riéng, nhiét dung riéng va hé sé dan nhiét déu phu thudc vao d6 am cua gb
va su bién thién d6 am s& anh hudng dén gia tri cua céc thong sd, moi
quan hé thé hién qua phuong trinh twong quan bac 1 va bac 2 theo huéng
ty I& thuan giita d6 am va céc théng sd.
Xay dyng md hinh vat Iy qua trinh siy g chan khéng két hop hong ngoai
qua thi nghiém, mé hinh nay mé ta cu thé chi tiét dién bién thuc hién qua
trinh sdy tir mé hinh nay 14 co s& xac dinh md hinh toan qua trinh truyén
nhiét va truyén am trong say chan khong gé Cam xe.
M6 phong dién bién qua trinh truyén nhiét va truyén am bang phuong
phap sd, sir dung phan mém Comsol Multiphysics va giai mé hinh toan,
két qua mo phong qua trinh truyén nhiét va truyén am bang hinh anh 3D
va bang d6 thi 2D, thong qua dé giai thich phan b nhiét ¢ va am do. Cac
két qua tir md phong gop phan du doan dién bién qua trinh say
Kiém chung méi quan hé giira ly thuyét va thuc nghiém thdng qua thuc
nghiém kiém chang qué trinh truyén nhiét siy gd Cam xe kich thudc 20 x
50 x 500 mm, 50 x 50 x 500 mm véi két qua nhu sau cho thay Iy thuyét va
thuc nghiém c6 mdi quan hé twong dong nhau trong qua trinh truyén nhiét,
truyén am.
M&bi quan hé gitra cac thong sé cong nghé dau vao nhiét do say (Xy),
cuong d6 bic xa hong ngoai (X,) véi cac thong sé cong nghé dau ra thoi
gian say (Y,) va ty 1é khuyét tat (Y,) trong qua trinh siy chan khéng hong
ngoai g6 Cam xe thé hién qua cac phuong trinh twong quan bac 2.
Céc thong sé cong nghé phu hop tién hanh giai cac phuong trinh tuong

quan thdng qua bai toan t6i wu cac thdng sé cdng nghé mot muc tiéu va da
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muc tiéu cho thdng s6 dau vao nhiét do say (X;), cuong do bic xa hong
ngoai (X,) vai cac thong sb cong nghé dau ra thoi gian say (Y;) va ty 1é
khuyét tat (Y,) trong qué trinh say chan khoéng gé Cam xe. Cac thong sb
t6i wu s& duoc chon la théng sé phu hop véi ting qui cach gdb Cam xe
khéc nhau
Xay dung cac buéc cong nghé siy gd Cim xe bang phuong phap chan
khong hdng ngoai dua trén két qua cac théng s6 ph hop cho céc qui cach
kich thuéc khac nhau cia gdb Cam xe.
Kién nghi
Nghién cau cong nghé say gd Ciam xe (Xylia Xyclocarpa) bang phuong
phap say chan khong da dat muc tiéu da dé ra, két qua phu hop vé va noi dung
nghién ctu dat duoc. Vé khia canh khoa hoc, luan &n tap trung nghién ctéu dién
bién m6 ta qua trinh truyén nhiét, truyén am trong qué trinh siy chan khéng két
hop hdng ngoai 1a co sé khoa hoc cho qué trinh nghién ciu thue nghiém, dac biét
viéc xay dung md hinh toan gop phan du doan phan b nhiét d6 va am do dién ra
qua trinh sy gé Cam xe. Bén canh d6, xac dinh cac thdng sb cong nghé say phu
hop nhim d& xuat cac budc trong qui trinh sy chan khéng hong ngoai gé Cim
xe 13 co s& cho viéc tng dung say gb chan khdng vao thyc té san xuat. Mac du
két qua dat dugc trén may say qui mé dang thi nghiém cho mét sé dang kich
thugc g6 Cam xe, két qua ghi nhan duogc 13 co so khoa hoc cho viéc ap dung qui

trinh sdy, 1 tién dé cho mé hinh say gé Cin xe trong san xuat cdng nghiép.
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