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Trong D 4n nay s& thiét ké, mo phong va thiét ké toi wu lai hé théng 1am mat
cho xe buyt, 6 to du lich va 6 to tai sit dung phuong phap diéu khién dong chay chu
dong.

Céc budc tién hanh d6 4n 1a ta tim hiéu vé hé thong 1am mat trén xe Bus Thaco,
tim hiéu vé dong hoc luu chat, nghién ctru sir dung phan mém. Sau d6 ta tién t6i tinh
toan can thiét cho qua trinh mé phong va dua ra phuong an t6i wu cho toan bo hé thong.

Sau cung 1a cac hu hong va sira chita dé dé dang cho khéc phuc sau nay.



LOI NOI PAU

Trong bdi canh phat trién bén viing hién nay, cac nganh chiu trach nhiém vé 6
nhiém bau khi quyén cang bj han ché nhiéu hon. Do cac quy dinh cua thé gidi vé kiém
soat lugng khi thai CO2 va hiéu ing khi nha kinh. C4c nha san xuét xe hoi phai tim giai
phap moi dé giam luong khi thai xe. Mot cach dé dat duoc muc tiéu nay 1a t6i vu kha
nang 1am viéc cia dong co, trong d6 c6 viéc phai t6i wu kha ning 1am maét cua hé théng

lam mat.

Ngay nay cac cong nghé phan mém trén may tinh rat phat trién va chinh xac, vay
nén khong thé cur thiét ké roi san xuat thuc nghi¢m roi stra lai, san xuat roi lai thi nghi¢m
lai dugc. Chiing ta can ap dung cong nghé may tinh dé giam thiéu qua trinh thuc nghiém
sau khi thiét ké, cic phan mém may tinh nhu phan mém mo phong, trong d6 c6 phan
mém Ansys cia cong ty ANSYS. Pugc biét nhu vay em di 4p dung phan mém dé thiét

ké t0i uvu kha niang lam mat ctia dong co xe buyt.

Puoc sy huéng dian cua giang vién GS.TS.Tran Van Nam em da tién hanh
nghién ctru dé an “Str dung phan mém Ansys Fluent dé thiét ké t6i uu hé thong trén xe

Bus Thaco” dé nham gidm thiéu cac van dé da néu trén.

Linh vuc luc can khi dong hoc la linh vuc con kha méi mé vay nén trong qua
trinh nghién ctru, ddnh gia ciia nhém em khong thé tranh khoi sai sot vi vay rat mong
duogc sy thong cam va dong gop ¥ kién cia quy thay co gido va cac ban.

Em xin giri 101 cam on chan thanh dén thiy gido GS.TS. Tran Vin Nam cing
toan thé quy thay co gido trong khoa Co khi Giao thong cling nhu cac ban da gitp d&

nhom em rat nhiéu trong qua trinh thyc hién D06 4n nay.



CAM DOAN

Em xin cam doan dé tai nay la cong trinh nghién clru cua em, dé tai duoc thuc
hién duédi su huéng dan cia thdy GS.TS.Tran Vin Nam. Pé tai nay khong trang lip voi
bat ky dé tai d6 an t6t nghiép nao trudc day. Cac thong tin, sb liéu dugc st dung va tinh

toan déu trung thuc va duoc 1dy tir cac tai liéu c6 ngudn gdc rd rang, theo quy dinh.

Sinh vién thuc hién

Duong Van Dung
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MO DAU

Sau thoi gian hoc tap tap vira qua chiing em d3 trang bi nhitng kién thirc vé chuyén
nganh dong luc, sinh vién chung em duoc giao nhiém vu thiét ké d6 an t6t nghiép, nham
gitip cho chiing em tong hop va khai quat lai nhitng kién thtrc da hoc, tir kién thuc co s
dén kién thuc chuyén nganh. Qua qua trinh thuc hién dd 4n sinh vién tu rat ra nhan xét

va kinh nghiém cho ban than trudc khi budc vao cong viéc thuc té.

Em duoc nhan dé tai t6t nghiép: “SU DUNG PHAN MEM ANSYS FLUENT
THIET KE HE THONG LAM MAT TREN XE BUS THACO”

Trong pham vi d6 4n nay, em thiét ké mo phong mot dong co xe Bus mdt cach
tong quat vé cac phuong phap lam mat trong dong co, cac co cau va hé thong ciia dong
co xe Bus Thaco, trong d6 di sau vao tinh toan t6i wu két lam mat, t6i wu khoang 1y gi6

va toi vu kha niang hit gi6 cta quat 1am mat ctia hé thong 1am mat.

Do kién thirc con han ché, tai liéu tham khao con it va diéu kién thoi gian khong
cho phép nén d6 an t6t nghiép ciia em khong tranh khoi nhiing thiéu sot, kinh mong cac
théy c0 trong bd mon chi bao dé d6 an em dugc hoan thién hon. Cudi cung, em Xin chan
thanh cam on thay GS.TS. Tran Vin Nam céc thay c6 gido bd mon cing cac ban di gitp

em hoan thanh do6 an nay.

Da Néng, ngay thang nim 2022.

Sinh vién thuc hién.

Duong Van Duing



Str dung phan mém Ansys Fluent thiét ké hé thong 1am mat trén xe Bus Thaco.

CHUONG 1. TONG QUAN VE HE THONG LAM MAT TREN XE BUS

1.1. Muc dich va y nghia ciia dé tai.

Mot dong co ndi chung muén hoat dong dat hi¢u suét cao nhét chinh 13 nho su
hd tro va 1am viéc tot cua cac hé théng nhu: hé théng nhién liu, hé théng théng boi1
tron, hé théng khéi dong, hé théng lam mat,.... Vi vay cong suit , strc bén, tudi tho, hidu
suét 1am viéc cua dong co phu thuodc rat 16n vao sy lam viéc cla cac théng nay. H¢ théng

1am mat 12 mot trong nhitng hé théng quan trong ctia dong co do.
Muc dich cua dé tai la:

- Nam viing cac kién thtrc vé hé thong lam cho dong co dét trong.

- Thiét ké mot hé thong 1am mat cho dong co xe Bus dua trén nén tang ap dung ki
thuat, stc manh may tinh.

- Tinh toan t6i vu dugc hé thé)ng lam mat nham tang t61 da hiéu suat lam viéc cua
dong co.

- Vandung ly thuyét truyén nhiét, tinh toan kiém tra nhiét két 1am mat theo céac
théng s6 thuc té va rt ra nhan xét.

V&1 muyc dich trén dé tai nay co y nghia rat 16n do1 véi sinh vién nganh dong luc
ching ta.

Thong qua viéc giai quyét dé tai nay da gdp phan cho sinh vién ching em cung
¢6 lai nhitng kién thirc da duoc hoc va thuc tap, gitp cho ching em cac nghién ctru, lam
viéc mot cach doc lap. Tu do, tao diéu kién thuén loi cho cong viéc sau nay cua nguoi
ky su tuong lai.

1.2. Lich sir ra doi va phat trién ctia hé thong 1am mat trén.

Xe buyt dd xuat hién trong cudc sdng cua chung ta gan hai thé ki va trd thanh
mot phan khong thé thiéu trong van tai cong cong dic biét trong cac thanh phd 16m. Tir
nhirng chiéc xe ngwa don gian nhat cho dén nhitng chuyén xe buyt hai ting hién dai, xe
buyt di lién tuc phat trién va nang cap dé tro thanh mot phwong tién hitu ich trong cudc

song hang ngay.

R6i sau do, y tuwong nay ti€p tuc dugec mo rong ¢ Paris, Bordeaux, Lyons va mau chong

chuyén sang nuéc khac. Thanh phd London véi biéu tuong ciia chiée xe buyt hai tang

SVTH: Duong Vian Diing, GVHD: GS.TS.Tran Vin Nam 1



Str dung phan mém Ansys Fluent thiét ké hé thong 1am mat trén xe Bus Thaco.

d3 dua tin vao ngdy 4 thang 7 nim 1829 rang "loai phuong tién méi, dugc goi 1a
omnibus, di bit ddu chay sang hém nay tir Paddington t6i thanh phd". Dich vu xe buyt

nay & London do George Shillibeer diéu hanh.

Va ct nhu vay, xe buyt d3 c6 mit trén khap thé giéi, mdi nudc mot dic trung
riéng nhung déu c6 muyc dich chung vén tai hanh khach cong cong. Tir "buyt" trong tiéng
Viét 1dy tir autobus trong tiéng Phép; cac tir bus, autobus... trong cic ngdn ngit chau Au

c0O goc tr omnibus trong tiéng Latinh, c6 nghia la "danh cho moi nguoi".

Hé théng van chuyén cong cong (bang omnibus) co to chirc dau tién co thé da
bit dau & Nantes, Phap vao ndm 1826, khi mdt cyu vién chirc xay dung cac nha tadm
cong cong & ngoai 6 va lap ra mot tuyén xe ngan chay tir trung tdm thanh phd téi cac
nha tim d6. Tuy nhién, 6ng phat hién phan 16n hanh khach chi xuéng ¢ nhiing diém
giita duong chir khong phai dén nha tim, ong lién mo rong va phat trién tuyén xe do.
Nhitng chiéc omnibus ctia 6ng c6 dic trung boi nhimg hang ghé dai bang gd dé doc hai

bén thanh xe; 161 Ién ¢ phia sau.

Viéc phat minh ra bd tan nhiét nudc 6 t6 dugc quy cho Karl Benz va Wilhelm
Maybach di thiét ké bo tan nhiét t6 ong dau tién cho chiéc Mercedes 35 ma lyc. Carl
Friedrich Benz; 25 thang 11 ndm 1844 — 4 thang 4 ndm 1929), doi khi ciling la Karl
Friedrich Benz , 1a mot nha thiét ké dong co va k¥ su 6 t6 ngudi Puc . Benz Patent
Motorcar ctia 6ng tir nam 1885 dugc coi la chiéc 6 t6 hién dai thuc dung dau tién va la
chiéc 6 t6 dau tién dugc dua vao san xuit hang loat. Ong d3 nhin dugc bang sang ché
cho 0 t6 vao nam 1886.

1.3. Céu tao, chirc niing, so' dd hé thong ciia hé thong lam mat.
1.3.1. Céu tao.

Hé thong 1am mat trén xe Bus 1 hé thong lam maét bang nudc. Pay 13 hé théng
c6 mat trén hau hét dong co xe Bus, dugc hop thanh boi 2 b phan chinh 1a bd tan nhiét
va bom nudc. Nudc (co pha chat chong dong) duoc din qua hé thong dng téi cac 4o
nuéc quanh xylanh dé hap thu nhiét. Sau d6 nude nhiét do cao s& duge dan tré vé bo tan
nhiét dé ha nhiét do nudc xuéng va tiép tuc 13p lai chu trinh khép kin trén. Bén canh do,
mot quat gio cling dugc b tri tai vi tri bo tan nhiét dé hd trg déy dong khi nong va nhanh
chong lam mat dong nudce bén trong. Trong qua trinh luu thong trong dong co, dung
dich lam mat cling chdy qua mét van héng nhiét ¢c6 nhiém vu gitt cho nhiét 4 nudc giai

nhi¢t luon ¢ trong mot khoang nhét dinh. Gém c6 5 bd phan chinh:

-  Két nwoc
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Két nude trong hé théng 1am mat trén oto c6 tac dung dé chtra nudc, truyén nhiét

luong ra nudc va ra khong khi bén ngoai.

T i ———— T —— S —————— < S

(M

Hinh 1.1. Ket nuwoc.

Két nude duoc cau tao tir nhitng 6ng nho, hep va cac 14 nhdom méng xem k€ nhau.

Cac 14 nhom nay c6 tac dung gitip qua trinh tan nhi¢t nhanh hon.

Két nude 1a b phan chira nude dé€ cung cap nude lam mat cho dong co trong qua

trinh van hanh, déng thoi truyén nhié¢t tr nude ra khong khi dé ha nhiét d6 dong co.

Moi dong xe khac nhau ma kich thudc két nudc sé khac nhau.
- Nap két nuwéc

Nip két nude c6 tac dung dong kin, ngin khong cho nude trong hé théng lam
mat 6 t6 bi boc hoi. Pong thoi, diéu ap hé thong 1am mat, gitp ting nhiét do soi cia
nudc giup qua trinh lam mat ¢6 hi¢u qua hon.
Nip két nuéc c6 hai van:

Van &p suat: dua nude tir két nude vao binh phuy khi ap suét trong két nude va
nhiét d§ nudc tang.

Van chan khong: c6 nguyén 1y hoat dong nguoc lai voi van ap suét, hat nude tir
binh phu vao két nudc dé duy tri hoat dong 1am mat khi nhiét d6 nudc ting cao nhung

ap suat trong két nude thap.

- Van hing nhiét

SVTH: Duong Van Diing, GVHD: GS.TS.Tran Vin Nam 3



Str dung phan mém Ansys Fluent thiét ké hé thong 1am mat trén xe Bus Thaco.

Van hang nhiét duoc thiét ké tai vi tri gitra nap xi lanh (giira binh 1am mat).

Van hang nhiét c6 chirc nang ki€ém soat su luu thong cia nude lam mat gitra dong

co va két nudc:

Khi dong co méi khéi dong, van hing nhiét s& dong dudng trao d6i nude giira

dong co to1 két lam mat dé dong co nhanh dat t&i nhiét do lam viéce.

Khi dong co hoat dong dugc mdt khoang thoi gian, nhiét do tang, cao hon murc
cho phép (khoang 75 — 102 d6 C), van hing nhiét s& mé dudng trao doi nuée gitta dong

co va két nudc, bat dau qua trinh lam mat.
- Bom nudc

Bom nudc dugce bd tri phia trudc dong co, thuong la loai canh gat, c6 tac dung
hat va dady mot luong 16n khdi luong nude 1am mat tir két lam mat dén dong co ma

khong lam gia ting 4p suét trong hé théng di nho tan dung luc ly tam.

Khi téc do dong co tang, tdc do bom tang, van chuyén nhanh mot luong 16n lugng
nudc lam mat vao dong co, gitp qua trinh lam mat dong co dugc dap ung tuong duong

V61 toe dO nong lén cua dong co trong qua trinh van hanh.

- Quat gio
Quat gi6 c6 tac dung ting tdc do luu thong khong khi qua két nude, giup ting

hiéu suit lam mat ctia nude lam mat khi chay tir két lam mat vao dong co.
Quat lam mat hoat dong vi 2 co ché cu thé:

Hoat dong béng dién vé6i ché do tu dong khi nudc lam mat dat dén mot gi61 han
hoat dong nhét dinh.

Hoat dong bang khop chat 1ong khi dong co quay dua sé vong tua.

Ngoai cac b phan chinh dugc liét ké bén trén, hé thong lam mat 6 t6 bang nudc
con ¢d cac duong ong dan nudce, binh nudc phu va cac bd phan lién quan dén di€u hoa

khong khi hoi nuéc bén trong khoang xe.
- Cam bién nhiét dd nwéc 1am mat:

Cam bién nhiét d6 nudc 1am mat gilt vai tro do nhiét do cua nudc lam mat, truyén
tin hiéu dén bo xir Iy trung tAm gitp tinh toan dua ra thoi gian phun nhién liéu, gbc danh

lira s6m, toc d6 chay khong tai ...
- Dung dich lam mat dong co, nwéc lam mat:

Day 1a mdt loai chét long dac biét co tac dung truyén dan nhiét .
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Hinh 1.2. Nuoc lam mat dong co.
1.3.2. Chirc nang ciia hé thong lam mat.
Nhiét lugng that thoat khi dong co hoat dong:

Nang lweng ton triv Néng lwong ton triv
trong nhién liéu Otto trong nhién li¢u diesel

‘ Nang luong J 4/'7

w"/ﬂ that thoat qua 31%/
— khi thai —

Nang lugng
A A C ()“
299% that lhual'quci “; - //
lam mat

79 Nanglugng 7% :
thatthoatqua —————
39% ma sal va 43 %

blrc xa || |

o ., _

Cong hiru dung Cong hiru dung

tai truc khuyu cda tai tryc khuyu cua

ddng co Otto ddng co diesel

Hinh 1.3. Nhiét lwong that thodt khi dong co hoat dong.
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So d6 nhiét do cua céc chi tiét dang hoat dong ctia dong co khi nhiét 0 nudc lam
mat 1a 90°C.

80°C...110°C

650 °C ... 800 °C

- 2000 °C .., 2500 °C
——180°C...300°C
140 °C ... 220 °C

115°C ... 185°C

77— 100°C .., 170 °C

80°C .., 150°C

| S GRS B SR 2w A fe. g i

Hinh 1.4. Nhiét d6 céc chi tiét khi dong co hoat dong

Khi nhiét d6 cao s& giy ra cac van dé sau:
- Phu tai nhiét 16n = Giam strc bén, do cing virng & tudi tho.
- DO nhét ctia dau boi tron dudi = Tang ton that ma sat.
- Gay bo ket Piston.
- Giam h¢ so nap.
- Phat sinh kich no.
Heé thong lam mat bang nudc hoat dong trén nguyén 1y van chuyén nuéc lam mat

lién tuc tudn hoan xung quanh than may.

Trong qua trinh van hanh, khi nhiét d6 cia dong co tang cao, van hﬁng nhiét sé
ty dong mo ra dé nudc 1am mét tuan hoan qua than may. Nhiét lugng téa ra tir than may
s& dugc nude lam mat hap thu, sau d6 luong nudce nay duoc dy vé két nudc dé lam mat.
Sau d6, bén trong két nudc, lugng nude noéng nay tiép tuc duge day vao cac 6ng dan
nude nho va duge 1am mat nhd quat gio, tiép tuc luan chuyén sir dung trong chu ky 1am
mat ngay sau d6 nhd bom nuéc. Qua trinh nay dién ra lién tuc va lap lai trong sudt qua

trinh hoat dong cua xe.
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1.3.3. So' do hé théng lam mat trén xe Bus.

pressure
release cap
/ thermostat
[ I {regulotes flow
of water)
/ pump
- (circulotes water through
jacket to cool cylinders)
air flow X 5 M ( \
/)
7
radiator

fan /

(drows air in through
radiator to cool water)

Khi dong co lam viéc, hé théng lam mat dugc kich hoat, bom cao ap hoat dong
va bom nudc [am mat vao 16p vé lam mat cua dong co. Lic nay nhiét do ciia nude lam
mat van thap hon nhiét d6 lam viéc 6n dinh cta dong co (véi cac xe thé hé cii nhiét do
1am viéc 6n dinh 13 80 + 5 0C; v&i dong co thé hé mai 1a 85 + 5 0C) nén van hing nhiét
dong lai va nude 1am mat lai duge din truc tiép dén bom cao ap ma khong dugc dan qua

két nudc (thiét bi trao doi nhiét), sau d6 duoc dua vao 1am mat cho dong co.

Khi nhiét d§ ctia nudc lam mat tang 1én cao qua nhiét do lam viée 6n dinh cua
dong co, nudc lam mat sau khi 1y nhiét tir thanh dong co duoc dan qua van hang nhiét
(lac nay van hang nhiét mé ra) dén két nude (thiét bi trao d6i nhiét) va truyén nhiét cho
b0 tan nhiét.

Sau d6 quat gi6 s& 1am mat bo. Tai ddy nudc 1am mat s& truyén nhiét cho hé théng
tan nhiét. Nhiét lwong trén hé théng tan nhiét s€ duoc tda ra khong khi. bé tang hiéu qua

tan nhiét cua hé thong tan nhiét, sir dung quat gi6 dé tao ludng khong khi cudng birc.
Khi nuéc 1am mat ra khéi b tan nhiét thi nhiét do giam xuéng. Sau do, nudc lam
mat lai duoc bom cao ap bom vao khoang vo ctia hé thong phat nhiét. Qua trinh duoc
1ap lai tuan hoan.
1.4. Két cAu, phwong thirc bo tri ciia hé thong 1am mat trén xe Bus Thaco.
DPé nham dam bao su thoai mai cho hanh khach, giam tiéng 6n tac dong lén

khoang hanh khach va nhiét ttr dong co tac dong lam nong trong khoang xe dong co trén
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xe Bus duoc gin ¢ phia sau khung xe. Do d6 hé thdng lam mat dong co ciing s& duoc
bd tri phia sau cung voi dong co. Hién nay c6 hai phuong thie bd tri hé théng 1am mat

nhu sau:

— B tri két 1am mat va quat lam mat doc theo than xe

Hinh 1.5. He théng lam mat trén xe Bus bé tri doc theo thén xe.

Véi thiét ké nay thi dong co va hé théng lam mat s& chiém dién tich nho hon so
v6i cac phuong thirc bd tri khac, do d6 chiéu rong thiét ké xe bus s& nho hon. Kha ning
1am mat dong co s& phirc tap hon do khi khong khi di qua két lam mat s& vin c6 su tiép
xuc tiép voi than may gy ra ton that nhiét va sy toi vu lam mat s& phai tinh toan phirc

tap hon.

— BO tri két 1am mét va quat 1am mat vudng goc véi than xe.

Hinh 1.6. Hé thong lam mdt thiét ké ngang so véi than xe.
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Khéc véi thiét ké hé théng lam mat doc so vé6i than xe thi thiét ké nay can mot
khoang dan khong khi 1am mat dé dén vé6i két lam mat do két cAu két 1am mat va quat

dat ngang so voi than xe.

Sy bd tri ngang so than xe ndy ma quat 1am mat tan dung duoc cong do dong co
tao ra, do d6 két ciu s& b6t di chi phi ché tao tir d6 ciing giam xudng va khi lp dat sira

chita ciing dé dang hon.

1.5. Pic diém qua trinh trao doi nhiét giita déng co véi hé théng lam mat va hé
thong 1am mat véi méi trudong.
1.5.1. Pdc diém qud trinh trao doi nhiét giiva dpng co va nwéc lam mdt.

Trong qua trinh 1am viéc ctia dong co, nhiét truyén cho cac chi tiét tiép xuc voi
khi chay nhu: piston, xecmang, xupap, nap xilanh, thanh xilanh chiém khoang 25 <+ 35%
nhiét lugng do nhién liéu chay toa ra. Vi vay céc chi tiét 6 thuong bi dot nong manh
li¢t-nhiét do dinh pittdng co thé 1én toi 600°C,con nhiét do cua nam xupap co thé 1én
900°C.

Rat kho xac dinh sé lugng nhiét truyén qua céc chi tiét (pittong, xupap v. v..) dé
qua d6 1am 13 phuy tai nhiét cua ching. Do tinh phirc tap va da dang vé mit cdu tao cua
cac chi tiét, va vo tinh chét trao doi nhiét gitra moi chat cong tic voi mat tiép xtc nén
khong thé dung bién phap tinh 1y thuyét dé xac dinh dong nhiét roi dua vao két qua tinh
dé tim cach kéo dai tudi tho cac chi tiét va tudi tho dong co, mac du tudi tho céc chi tiét

lai phu thudc chinh vao nhiét do lam viéc va gradien nhiét d§ do phu tai nhiét gay ra.

Nhiét ¢ trung binh trén bé mit chi tiét dugc tinh theo phuong trinh truyén nhiét,
khong gay ra tmg suat nhiét thuc cia cac chi tiét. Bién dang va ntt hong khong phai do
nhiét d§ trung binh cua bé mit chi tiét vuot quéa mot nhi¢t d cuc dai nao d6 gay ra, ma
13 do nhiét do cuc bd thyuc té cua chi tiét gdy ra ung suat cuc bo lam bién dang va lam
ntt hong chi tiét. Vi vay ddi voi mdi dong co cu thé, thong thudng phai dung bién phap
thuc nghiém trong diéu kién van hanh nham xac minh d4i véi cac chi tiét va cac cum

chi tiét chiu phy tai nhiét 16n nhat

Thuc nghiém chi rang: véi cac diéu kién khac giéng nhau thi tri s dong nhiét
truyén cho moi chat 1am mat ty 1& nghich voi nhiét do trong hé thdng lam mat. Néu ting
hodc giam nhiét d6 ciia mdi chit 1am mat thi nhiét d6 xilanh va céc chi tiét cia nhom
pittdng ciling ting hodc giam theo. Phy tai nhiét clia cac chi tiét cang thap khi hiéu sd
giita nhiét d6 mdi chat cong tac trong xilanh dong co va nhiét d6 méi chét trong hé thong

lam mat cang nho.
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Dong nhiét phan bd khong déu trén cac phan cia xilanh dong co. Khoang 60%
nhiét lugng lam mét (nhiéu nhat) duge truyén qua ndp xilanh vi dién tich ndm trong
budng chay cua nap xilanh tiép thu nhiét trong subt chu trinh. Vi vy cong suét nhiét 16n
nhat xuét hién ¢ ndp xilanh. Do d6 mit day cta nap xilanh, noi tiép xuc véi budng chay,
can co nhiét d6 déng déu con mat ngoai tiép x0ic v6i nude 1am mat can ¢6 nude voi nhiét

do tuong ddi cao di qua lién tuc nham tranh xuét hién ung suét nhiét 16n.

1.5.2. Pdc diém qud trinh trao doi nhiét giiv hé thong lam mdt v6i moi truwong.

- ) \

Tubes
» 2

Hinh 1.7. Trao d6i nhiét giita méi trong va két lam mdt.

B0 trao do6i nhiét 1a thiét bi truyén nhiét tir chat 1ong (16ng hodc khi) sang chat
16ng thtr hai ma khong c6 hai chit long tron 1an hodc tiép Xuc truc tiép. Bo trao ddi nhiét
thuong duoc sir dung trong cac hé thong lam mat bang chat 10ng dé tan nhiét tir chat
long di qua mot tAm lanh gén v61 bo phan sinh nhiét. Chat long mat dugc bom qua h¢
thng va quay trd lai tim lanh .

B0 trao doi nhiét duogc thiét ké dé tdi da hoa dién tich bé mat cua buc tudng gitta
hai chét 16ng, ddng thoi giam thiéu Iyc can di véi dong chit 1ong chay qua b trao doi.
Viéc bd sung cac canh tan nhi¢t hodc nép gép theo mdt hodc cd hai huéng lam tang dién
tich bé mat va tang kha nang truyén nhiét cua bo trao d6i nhiét .

Loai bo trao doi nhiét 10ng-khong khi thong qua cac chat truyén nhiét nhu kim
loai. Trong bd trao d6i nhiét kiéu vo va dng, mot chat 1ong chay qua mét loat ong kim
loai va chét long thir hai duge bom qua 16p vo bao quanh chung. Dong chay cua chat
16ng c6 thé 13 song song (chay cing hudng), chay ngugc (chay nguoc hudng) hodc chay
chéo (cac dong chay vudng goc voi nhau).
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Bo trao ddi nhiét éng to sir dung céc 14 tan nhiét bao quanh hai éng dan chét long.
Céc 14 tan nhiét lam tang dién tich bé mat va toi da hoa kha nang truyén nhiét ra moi
truong xung quanh. Mot sd bo trao doi nhiét dang ng c6 vay str dung ddi luu ty nhién

va mot sb khac c6 thé bao gdm quat dé ting ludng khong khi va kha ning truyén nhiét.

B0 trao do61 nhi¢t dang tam va khung c6 hai thanh vién cudi hinh chit nhat git
mot loat cac tam kim loai c¢6 16 & mdi goc dé cho phép chat long di qua. Mdi tam c6 mot
miéng dém deé bit kin cac tam va sap xép dong chay cua chat long gitra cac tam. B0 trao

doi nhiét dang tam han tranh kha nang ro ri bang cach han céac tam lai voi nhau.
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CHUONG 2. TONG QUAN VE PONG HQC CHAT LUU CFD, TRAO
POI NHIET.

2.1. Tong quan vé phwong phap tinh toan déng hoc lwu chat CFD.

CFD — Computational Fluid Dynamics: Pay la linh vuc khoa hoc st dung cac
phuong phéap sb két hop voi cong nghé mé phong trén may tinh dé giai quyét cac bai
toan lién quan dén cac yéu td chuyén dong ctia moi trudng, dic tinh 1y hoa cua cac qua
trinh trong moi truong dang xét, dic tinh sitc bén cia mdi trudng, dic tinh nhiét dong,
dac tinh dong hoc hay dac tinh dong luc hoc hodc khi dong luc hoc, dac tinh luc, hoac
dic tinh luc moment va tuong tac ctia cac mdi trudng voi nhau phy thude vao timg ddi
tugng va pham vi cu thé cua timg van dé, timg linh vuc khoa hoc ma CFD c¢6 thé tng
dung duogc.

Nhiing khia canh vat Iy cua bat ky dong chat 1ong nao déu duoc kiém soat boi ba
nguyén 1y co ban sau:

1. Bao toan khéi luong.
2. F = ma (Dinh luat II Newton).
3. Béo toan nang lugng.

Nhitng nguyén 1y co ban nay c6 thé biéu thi duéi dang cac s6 hang cua phuong
trinh toan hoc, ma dang tong quat nhat ctia chiing 1a nhitng phuong trinh dao ham riéng.
Tinh toan dong luc hoc chat 1ong 14 thuat toan thay thé nhimg phuong trinh dao ham
riéng chu dao cua dong chat 16ng bang s va dua nhiing s6 nay vao khong gian va hoic
thoi gian dé nhan duoc sy mo ta s6 cudi cing cia trudng dong chay day du can quan
tam.

2.2. Cac phwong trinh co ban ciia phwong phap tinh toan dong hoc lru chat.

2.2.1. Phwong trinh chii dao cho déng licc hoc chit long.
2.2.1.1. Phwong trinh déi véi dong nhé
Nhitng phurong trinh da dan xut trong nhitng myc truéc ap dung cho dong nhot,
tuc la dong xét dén hién tuong van chuyén, ti€u tan cua nhot va truyén nhiét. Do do
nhing phuong trinh cha dao voéi dong nhét, chiu nén, khong 6n dinh ba chiéu la:

s Phuong trinh lién tuc:
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- Dang bao toan:

9y
_+V(pP) =0
Ot

- Dang khong bao toan:

ap
P rpw==0
0¢

s Phuong trinh dong luong:

- Dang khong bao toan:
Du ap + a‘[xx + aryx + a‘L'Z.X'
P—=— +
D, 9. 0 o, 2z TP
D, ap aTXZ ary arz

“w_"P, —
D. a8, o, o, 7 VPl

- Dang bao toan:

a u. a a‘[xx aT aTZ.X'
(0 )+V(qu) =— P+ T T T of
0 0 d d a, x
a(p.) 0y Oy Oy O,
+V(pwlP)== "+ T+ "+ T +pf
d; 0, O0x 0, 0, z
s Phuong toan nang luong
- Dang khong bao toan:
D & )
P—(e +—
0, "2

0 aT) N 0 E)T) N 0 aT)
P+ 0x ( 0x dy ( dy 0z ( 0z

d(up) N d(vp) N a(Wp)) N 0(UTyy) N 9 (utyy) 4 Outy)

0x dy 0z 0x dy 0z
n 0(UTyy) N 0(vtyy) n d(VT,y) N I(WTyy) N I(wty,) n o(wt,,)
0x dy 0z 0x dy 0z
+pf2. P

- Dang bdo toan:
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d V2 v V2 .
50 (e + -1+ Vo (e +5) V]
0 aT 0 aT 0 aT
= —(k—) +—(k —) +— (k —
'Dq+ax( ax) Oy( ay) 62( Oz)
o(u o(v o(w O(UTyy)  O(UTyy
B (P)+ (p)+ ( P))+ (UTxx) N (UTy)+6(urzx)
0x dy 0z 0x dy 0z
+ a(uTxy) _l_a(vryy) _I_a(vrzy) +a(Wsz) +a(WTyZ) + a(WTZZ)
0x oy 0z 0x ay 0z
+pf2. P

2.2.1.2. Phwong trinh déi véi dong khéng nhot
Dong khong nhét, theo dinh nghia 1a mot dong trong d6 hién tugng van chuyén,
tiéu tan nhét, khuéch tan khoi lugng va dan nhiét duoc bo qua. Nhitng phuong trinh chi
dao cho dong chay khong 6n dinh, khong nhot ba chiéu, chiu nén nhan dugc bﬁng viéc
b6 di nhiing s6 hang nhét trong nhitng phuong trinh trén
¢ Phuong trinh lién tuc:
- Dang khong bao toan:
D,
—+pVWP =0
D¢
- Dang bao toan:

8, B
L 4vEv) =0

t

s Phuwong trinh dong luong:

- Dang khong bao toan:
e Thanh phan x
Dy dp
o= "o T pf
e Thanh phany
Dy 0y
p E =- a_y + pfy

e Thanh phan z
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Dy, dp ;
— = ——+ of,
p ) 2, P
- Dang bdo toan:
e Thanh phan x
o) Op
+V(puW)=— "+ pf

0, Ox
e Thanh phany

0y 0

@ )+V(pv\f’) =—_p+pf

F) o, v

e Thanh phan z

0 9]
"4V (ewV) =— " +pf
0: a, °
% Phuong trinh nang luong

e Dang khong béo toan:

D VZ) L ( Oup N Ovp N owp o
P + —) = —
p D, (e 2 pq 5 9, a3, ) + pfV
e Dang bao toan:
0 v2 34 Vp VZ)VQ_)] ( Owp Owp dup )
— +=)]tVip(e+— =pq-— +—+ + pfVv
X lp(e+ > 5 o, o ) +p

2.2.2. Lop bién:
2.2.2.1. Khadi ni¢m lop bién

z4

= 4

«— dx >

Hinh 2.1.Biéu dién I6p bién.
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Trong vat 1y va co hoc luu chat, 16p bién 13 16p luu chat gan ving lan cén cua
mot bé mit bién noi ma anh hudng cua do nhét 1a dang ké. Lop bién — 1a 16p chat long
(khong khi) trén bé mit vat thé, trong d6 van tdc ciia chét long thay doi tir gia tri 0 dén
gia tri gdn véi van toc ctia dong chat 1ong bén ngoai. Trén mot chiée 6 to 16p bién 1a phan
dong chay gan bé mat vo 6 to, lyc nhot 1am sai 1éch dong chay khong nhét xung quanh.

Trong khi dong hoc 6 t6 16p bién 13 viing chuyén tiép giita khong khi va vo xe.

Do day cua 16p bé mat chi vao ¢d [mm] va phu thudc vao: Do nhét va ap suat
clia chét long, hinh dang hinh hoc cua vat thé, trang thai bé mat, va vi tri caa vat thé
trong ludng chat 16ng. D6 day cia 16p bé mit ting 1én theo hudng tir mép trude dén mép
sau ctia vat thé. Cac phan tir khi bén trong 16p bé mit ¢ cac dic tinh chuyén dong khéac
hoan toan so v&i dong chat 1ong & bén ngoai né.

2.2.2.2. Diéu kién bién ciia lop bién

Nhitng phuong trinh cho & trén kiém soat dong ciia mot luu chat. Nhiing diéu
kién bién, va d6i khi 1a diéu kién ban dau, cho phép nhan dugc nhitng 101 gidi dac biét
tor nhitng phuong trinh chu dao. DPdi véi mot luu chat nhét, diéu kién bién trén mot bé
mit gia thiét khong ¢ van tdc twong dbi gitta bé mat va luu chat ngay bé mit. Diéu nay
duogc goi 1a diéu kién khong truot. Néu bé mit 1a tinh va dong di chuyén qua né, thi u =

v = w = 0 tai bé mit (cho mot dong nhot).

Hon nita, c6 mot diéu kién khong truot twong tu két hop vai nhiét do tai bé mat.
Néu nhiét d6 bé mit vat liéu dugc biéu thi bang T, (nhiét do vach), khi d6 nhiét 46 ngay
tai 16p luu chét tiép xUc vGi bé mat cling 1a T,. Néu trong bai toan duogc dé cap, biét
duoc nhiét do vach, thi diéu kién bién thich hop ctia nhiét do khi T 1a:

T = T,, (tai vach)

Mit khac, néu khong biét nhiét do vach, vi du néu n6 dang thay d6i nhu mot ham
cua thoi gian do truyén nhiét khi dong luc hoc té1 hoac ra khoi bé mit, khi d6 dinh luét
fourier vé dan nhiét cung cép diéu kién bién tai bé mat. Néu chung ta biéu thi qg wla
thong lugng nhiét tirc thoi tai vach, khi do tir dinh luat fourier:

Or
Gw = —ka— (tai vach)
nw

Trong d6, n biéu thi huéng phap tuyén véi vach. O day, vat liéu bé mit dang
phan tng lai su truyén nhiét dén vach, ¢w, do d6 dang thay ddi T,,, quay nguoc lai anh
hudng dén g w. bai toan truyén nhiét khong on dinh phai dugc giai bang viée xir Iy dong

nhét va sy tac dong nhiét trd lai ctia vat licu vach cung lac. Ki€u di€u ki¢én bién nay, 1a
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diéu kién bién gradient nhiét do tai vach, trai voi quy dinh vé chinh ban than nhiét d6
vach 1a diéu kién bién. Nghia 13, tir phuong trinh :
dr

—qdw/k =3 (tai vach)

nw
Cudi cung khi nhi¢t d§ vach tr¢ thanh nhu vay s€ khong co su truyén nhiét trén
bé mit, nhiét d6 vach nay, theo dinh nghia, dugc goi la nhiét do vach doan nhiét
(adiabatic wall temperature) T,y,. Diéu kién bién thich hop cho truong hop vach doan
nhiét dén tir phuong trinh (4-21) véi g w = 0, béi dinh nghia. Do dé, véi vach doan
nhiét, diéu kién bién la:
or

5 W= 0 (tai vach)

Véi luu chat khong nhét, dong truot qua bé mat (khong cd ma sat dé day 'sirc
dinh' ctia n6 téi bé mat), do d6 tai bé mat dong phai tiép xuc véi bé mat:
V"1’ = 0 (tai be mé)
Trong do:
- Vecto don vi thang goc voi bé mit.

Nhiing diéu kién bién khac trong dong phu thudc vao kiéu bai toan duogc xét, va
thuong gén lién véi bién chay vao va chay ra tai mdt khoang cach hiru han tir bé mit,
hodc mét diéu kién bién 'vo han' xa vo tan ké tir bé mat.

2.3. Trinh tu giai bai toan déng hoc lwu chat.
2.3.1. Thuat toan SIMPLE(Semi-Implicit Methods for Pressure-Linked Equation).

DPuoc dién gidi qua trinh tu cac bude tinh todn sau:

1. Dy doan gia tri ap luc lan dau P*.
2. Tién hanh giai phuong trinh sau dé tim gia tri van tc U* dya trén co so gia

tri &p luc P* ¢ budce 1.
l1-a,

a
“PUr+Ya Ut =R, +

a,; N .,

(3.8)
Ry=a U+ aU"

3. Tinh toan luong chat 1ong F* chay qua mit 6 theo cong thic:
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F*—S||( H(U*)\ || (3.9)

|Lk a )]

Diéu nay 1a can thiét dé c6 thé tinh vé phai cua phuong trinh ap luc sau:

ZSH \I (VP) I—ZS(H(U)\I (3.10)

|_ \ ), | a )y
4. Giai phuong trinh ap lyc dé tim gia tri ap luc méi P**,

5. Chinh sira lugng chat 16ng chay qua mit 6 dugc cho boi phuong trinh:

(H@W)) (1) |
SU, =S| | —|_| vp), | (3.11)
||KaP Jr \ %), ||

Bang cach dung gia tri ap luc P** mai tim duoc ¢ budc 4 theo cong thirc:
F=F% | p VP o | S
\ 4 J r

6. Tinh toan gia tri 4p lwc m&i P" trong moi 6 tinh toan dwa vao hé s6 o , theo

(3.12)

cong thic:
Pnew:P*+aP(P**_P*) (313)

7. Tinh toan gié tri van tbc moi U theo cong thirc:

oY) _1yp (3.14)

a
P P

Up=

Véi ap luc trong cong thirc ndy s& nhan gia tri bang P vira méi tim duogc &
budc 6.
8. Kiém tra d6 hoi tu va 1ap lai cac budc tir bude 1 vai ap lyc udc doan P* nhan
gid tri bang gid tri ap lyc P"* vira tim dugc.
So db thuat toan SIMPLE (Semi-Implicit Methods for Pressure-Linked

Equation) dugc mo ta nhu hinh 3-1.
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[ Le dodn dp lue P }

A4

[ Tinh van toc U J

Finh todan leong chat long
chay qua mat 6

)

l

[ Finh ap e P ]

Hig¢u chinh lugng chat long
chay qua mat 6

;l|l ‘

I'inh dén bude thon gian cudi cling

A\

[ .l l"h “p luc n“'" l.m-\. ]

l 1w

[ I'inh van toc mn

|

Ding

Hinh 2.2. So' d6 thudt todn SIMPLE

2.3.2. Thudt toan PISO.
Khac véi thuat toan SIMPLE, thuat toan PISO st dung vi¢c hi¢u chinh dai lugng
vat ly nhiéu hon mot 1an cha khong nhu trong thuat toan SIMPLE chi hi€u chinh mdt

lan. Trong mdi bude thoi gian, thuat toan PISO dugc mo ta nhu sau:

1. Du doan gié tri ap luc lan dau P*.
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2. Gidi phuong trinh dong lugng:

a,U, =H(U)—ZS(P)f (3.15)

Véi gia tri ap luc trong phuong trinh dugc 1ay bang gia tri P* tir bude trude do,
thu dugc gia tri van tdc xép X1.

3. Tinh xap xi luong chat l(’)n% chdy qua mat o:
( HU*)) |
Fr=Sllp_—, || (3.16)
I

Diéu nay can thiét dé tinh vé phai ctia phuong trinh ap luc (3.10).

4. Str dung gia tri van tdc x4p xi vira tinh duoc dé giai phuong trinh ap luc (3.10)
néu trén.

5. Hiéu chinh cac thong luong gan ding & trén dé tim thong luong cudi cung dua
trén hiéu Gng ap luc bang viéc giai phuong trinh (3.11).

6. Hiu chinh gié tr1 van tde bing cach sir dung gia tri ap lyc mai, day la mot sy
diéu chinh hién va dugc thuc hién bang viéc giai phuong trinh (3.14).

Trong cac budc, bdn budce cubi cung (3-6) dugc lap véi mot s6 1an ¢d dinh trude
khi chuyén sang buéc thoi gian tiép theo. Trong OpenFOAM, con s6 nay duoc goi tén
1a nCorrectors va dugc quy dinh cd trong tap tin <case>/system/fvSolution. Trong thuat
toan SIMPLE ciing vy, can phai xac dinh nNonOrthogonalCorrectors va day 1a gia tri
xac dinh budc 4 nén dugc 1ap di 1dp lai bao nhiéu lan.

So d6 thuat toan PISO dung tinh toan trong dong luu chét theo 1y thuyét CFD
duogc trinh bay nhu trén hinh 3-2.
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Bit dau

A

[ Ude doan ap lyc P’ ]<

Tinh vén toc U™ tir phuong trinh
apUp = H(U)- 3 S(P),
f

A\ 4

Tinh xdp xi luong chit long
chay qua mat 6
’ H(u®)
F =S{|p
ap ),

ap P

Dung van tde xdp xi dé giai PT ap luc
1 H(U)
s )om )
r f f a {

Budce thoi gian tiép theo

A 4

Tinh toan thong luong cudi cung

SL_.,:S[[' Hl(,m] -(u'. ] (vp),]

A 4

Hiéu chinh van toc

_HQU) _ 1

al‘l ar\

|

U, VP

Kiém tra hoi tu

I.dp cho dén khi hi

Bang

Hinh 2.3. So' d6 thudt toén PISO
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CHUONG 3. NGHIEN CUU SU DUNG PHAN MEM ANSYS FLUENT

3.1. Tong quan vé phin mém Ansys va Ansys Fluent.

3.1.1. Phan mém Ansys la gi?

ANSYS 12 mot phan mém toan dién va bao quat hau hét cac linh vuc vat 1y, giap
can thiép vao thé gidi mé hinh a0 va phan tich k¥ thuat cho cic giai doan thiét ké. Hau
hét cac nha dau tu rat thich phan mém phan tich k¥ thuat nay so v&i nhimng gi chung 1am
duge va sb tién ho phai bo ra.

Phan mém phan tich manh nay giup qua trinh thiét ké k¥ thuat qua mot cip do
m&i, khong chi 1am viéc voi nhitng méi trudng, thong sb bién dong, cac ham nhiéu cip
bac, ma con hd tro lam viée mang tinh thich nghi v61 nhitng m6 hinh k¥ thuat méi,
nhung cong cu CAE nhiéu tinh ning. Di nhién Ansys sé& giup ning cao hiéu qua khi thiét
Ké, nang cao tinh sadng tao, giam bdt rang budc, han ché vat 1y, thuc hién céac bai kiém
tra mo phong ma khong thé thuc hién trén nhitng phan mém khac.

Fluid Dynamics Structurs! Mechanics Eleciromagnelics Systems and Multiphysics

Hinh 3.1.Phdn mém Ansys.

Ansys phét trién va tiép thi phdn mém phén tich phan tir hitu han duogc sir dung
dé mo phong cac van dé ki thuat. Phin mém nay tao ra cic mé hinh may tinh moé phong
cau triic, thiét bi dién tr hodc linh kién may dé mo phong img suat, d6 déo dai, do dan

hoi, phan bo nhiét d9, dién tir, luu lwong chat 16ng va cac thudc tinh khic. Ansys dugc
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str dung dé mé phong cach mot san pham hoat dong voi cac thong sé ki thuat khac nhau,
ma khong can lam cac san pham thir nghiém hodc tién hanh cac thtr nghiém va cham.
Vi du, phan mém Ansys c6 thé mé phong mot ciy cau sé ra sao sau nhiéu nam st dung,
cach xir 1y t6t nhét ca hdi trong thung dé tranh 1ang phi, hodc cach thiét ké mot tim van

trugt sir dung it vat licu hon ma khong bi mét an toan.

Hau hét cac mo phong trong Ansys duoc thyc hién bang phin mém Ansys
Workbench, 1a mot trong nhitng san phim chinh ctia céng ty. Thong thudng, nguoi ding
Ansys pha v& cac cdu tric 16n hon thanh cac thanh phan nhé dugc mé phong va thir
nghiém riéng 16. Nguoi dung c6 thé bit dau bang cach xac dinh kich thude cia ddi
tuong, va sau do thém trong luong, ap suit, nhiét do va cac dic tinh vat 1y khac. Cudi
cung, phan mém Ansys mo phong va phan tich chuyén dong, su moi, tiéu chuan pha
hay, luu lugng chat 1ong, phan bd nhiét do, hidu qua dién tir va cac hiéu ing khéc theo
thot gian.

Ansys ciing phét trién phin mém dé quan 1y va sao luu dir liéu, nghién ctru va
giang day hoc thuat. Phan mém nay dugc ban trén co so thué bao hang nam.

3.1.2. T 5ng quan Anays Fluent.

ANSYS FLUENT la mot phan mém voi nhitng kha nang mé hinh héa mét cach
rong rii cac dic tinh vat Iy cho md hinh dong chay chat luu, r6i, trao doi nhiét va phan
g duoc ap dung trong cong nghiép tir dong chay qua canh mdy bay dén sy chay trong
mdt 10 ltra, tir cac cot bot khi dén cac dém dau, tir dong chay cua cac mach mau cho dén
viéc ché tao cac vat liéu ban dan va tir thiét ké cac can phong sach cho dén cac thiét bi
xtr 1i nude thai. Cac mo hinh dic biét gitp cho phan mém c6 kha ning mé hinh hoa
budng chay dong co cylinder, khi dong hoc sy truyén 4m, may canh va cac hé théng da

pha nham phuc vu cho viéc mo rong kha nang ctia phan mém.

Céc bo giai ki thuat tién tién giup dua ra nhimng két qua CFD nhanh va chinh x4c,
lu6i chuyén dong hay bién dang va kha ning ting tc chay song song. Cac chiic ning
ngudi dung dinh nghia cho phép bd sung nhitng mé hinh méi hay nhitng twong tac nguoi
dung trén mo hinh dang ton tai. Nhiing kha nang thiét 1ap bo giai twong tac, qua trinh
giai va hau xtr 1y ctia Ansys Fluent 1am cho dé& dang c6 thé tam dirng tinh toan, kiém tra
két qua voi qua trinh hau xir Iy da dugc phan tich, thay doi bt cr thiét 1ap nao va sau
d6 tiép tuc tinh toan voi timg tng dung. Céc tép dit liéu va cac trudng hop tinh c6 thé
dugc doc vao Ansys CFD-Post v6i muc dich phan tich ki hon bang cac cong cu xir 1y

két qua tién tién. Ta co thé xem xét danh gia song song céac trudng hop khac nhau.
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Su két hop cua nhiing loi ich nay v6i hang loat cac kha ning mé hinh hoa mé
hinh vat Iy va nhitng két qua CFD nhanh chéng, chinh xac, phan mém Ansys Fluent
cung cap cac két qua dudi dang mot trong nhitng goéi phan mém toan dién nhét cho qua

trinh mé hinh héa CFD trén thé gidi hién nay.

Phan mém Ansys Fluent c6 kha ning mo hinh hoa cidc mé hinh vat 1y can thiét

cho cac mé hinh dong chay, rdi, truyén nhiét, va phan tng.
3.2. Cac modul trén Ansys.

3.2.1. Ansys Design Modeler va Ansys Meshing.
Ansys Design Modeler va Ansys Meshing 12 hai module m& dau khi ching ta bat

dau tiép can véi Ansys .Day 1 hai Module quan trong gitp ching ta c6 thé v& mé hinh
va chia ludi ngay trong ANSY'S, phuc vu cho qua trinh tinh toan mo6 phdéng sau nay.Khoa
hoc nay gitip cho sinh vién hiéu duoc khai niém vé mé hinh héa ciing nhu tan dung dugc
kha ning mo6 phong “gan nhu that” cia ANSYS, gitip cho hoc vién co duge ki ning
thanh thao khi v& mo hinh cling nhu chia ludi trong ANSYS.

[ e
T Coon Cwwar Took Uit e ol
HE o a L - NADA S v v SERAANQOED Lo »
B M Lo Lo A As Ao g ¥
- - -~ . Sl A
Wimer itovie fiomm §oaim
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Hinh 3.2.Thiét ké mé phong trén Ansys Design Modeler-

3.2.2. ANSYS Mechanical Workbench.
ANSYS Mechanical Workbench (WB) 1a mot méi truong nén chung, trong dé

c6 tich hop rat nhidu module xtr 1y lién quan dén cac linh vuc: két cau, nhiét dong luc
hoc, va cham, luu chat...WB dang ngdy cang phat trién,huéng t6i mot giao dién than
thién véi ngudi dung.Bang cach lién két cac kiéu bai toan chi thong qua cac thao tac kéo

tha don gian nhung van dat hiéu qua cao nén WB ngay cang dugc khach hang tin
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dung.Ngoai ra WB con c6 kha ning twong tac v6i cac phan mém CAD rat cao cho phép
ngudi dung c6 thé dwa nhitmg mé hinh phire tap vao trong WB dé tinh toan,hudng t6i

muc tiéu “Mo6 phong di dau tao nén tang cho sy phat trién san pham”

- Ty oy | 4 - o A - Vi St B TP O -

Hinh 3.3. Mo phong trén ANSYS Mechanical Workbench.

3.2.3. ANSYS MECHANICAL APDL.
ANSYS MECHANICAL APDL (ANSYS Multiphysic) l1a mot module mé phong

da truong ,da vat Iy.Modul nay gitip chiing ta giai quyét tt cac van dé lién quan dén két
ciu ,nhiét ,dién — tir,nd ,va cham ,vat liéu m&i,..nhd kha nang phan tich rdt manh cua
n6.Ngoai ra ANSYS Mechanical APDL dugc tich hop rat nhiéu mé hinh vat liéu va cac
loai phén tir dua trén cac 1y thuyét noi tiéng hién tai. ANSYS Mechanical APDL dem
lai cho chung ta mot chudi phan tich moé phong kha toan dién ,dem lai cho ngudi dung

mot khong gian mo phong rat thoai mai va tién loi.
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Hinh 3.4. Mo phong trén Ansys Mechanical Apdl.
3.3. Kha niing irng dung ciia phin mém ANSYS trong k§y thuit.

3.3.1. Fluids: Tinh todn déng lwc hoc ciia lwu chit
Dong luc hoc tinh toan (CFD) la mdt cong cu c6 tinh linh hoat tuyét voi, tinh
chinh x4c va do bao quat ctia ng dung. Tuy nhién, thuc sy CFD, cung cap thong tin chi
tiét giap ban t61 wu hoa thiét ké cua ban, c6 thé nim ngoai tam vai cua ban trir khi ban
chon phﬁn mém mot cach can than. Dé c6 duoc két qua CFD mot cach chinh xac, ban
can phai nghién ciru n6 nghiém tic. ANSYS CFD vuot xa cac két qua dinh tinh dé cung
cap du doan dinh lugng chinh xac vé twong tac va twong tac chat 1ong. Nhiing hiéu biét
nay tiét 16 co hoi khéng mong doi cho san phém cua ban-co hoi ma tham chi ca cac nha
phan tich k¥ thuat co thé bo 13.
3.3.2. Structures: Két ciu, tinh bén
Phan mém phan tich cdu trac cia ANSYS cho phép ban giai quyét cac van dé ky
thuat két cau phirc tap va dua ra cac quyét dinh thiét ké tot hon va nhanh hon. Véi cac
cong cu phan tich phan tir hitu han (FEA) c6 sin trong bo phan mém, ban ¢ thé tuy
chinh va tu dong hoa cac giai phap cho cac van dé vé co hoc két cau cuia minh va tham
s6 hoa chung dé phan tich nhiéu tinh hudng thiét ké. Ban c6 thé két ndi d& dang véi cac
cong cu phan tich vat 1y khac dé co thé thuc hon. Phdn mém phan tich cdu tric cua
ANSYS duoc st dung trong toan nganh dé cho phép cac ky su t6i wu hoa thiét ké san

pham cuia ho va giam chi phi kiém tra thyc té.
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3.3.3. Electronics: Dién, tir truong

Mo phong trudng dién tir ANSYS gitp ban thiét ké cac san pham sang tao dién
va dién tr nhanh hon va tiét kiém chi phi hon. Trong thé gi6i ngay nay ctia cac thiét bi
dién ttr hiéu ning cao va cac hé thong dién khi tién tién, nhitng 4nh hudng ciia cac truong
dién tur trén cac mach va hé théng khong thé bo qua. Phan mém ANSYS c6 thé mé
phong doc dao hiéu suat dién tir qua thiét ké thanh phan, mach va hé théng va c6 thé
danh gid nhiét do, do rung va cac hi€u ing co hoc quan trong khac. Dong thiét ké dién
tir khong dong bo nay giup ban dat duoc thanh cong thiét ké hé thdng tién tién cho cac
hé théng truyén thong tién tién, cac thiét bi dién tir tdc do cao, cac thanh phﬁn co dién
va cac hé théng dién tr.

3.3.4. Semiconductors: Cong nghé ban dén

Ban dan: Nhu cau thiét bi dién tir thong minh ngdy cang ting dang thuc ddy qua
trinh ho1 nhap va thu nhé lai cong nghé mach tich hop (IC). Tuong tac vat ly phat sinh
tir thu nho hinh hoc , ddc biét 13 FinFETs, cdu trac chong 1én nhau va cac cdu trac 3D-
IC, dan dén sy tich hop bd ndng lugng va cac thach thiuc thiét ké lién quan dén do tin
ciy. Bang cach mo phong electromigration, cac hiéu (mg nhiét va cac hién tuong xa
dién, ban c6 thé xac minh do toan ven tiéng dn dién va do tin cay cua cac IC phuc tap
nhat. Cac cong cu mo phong va mé phong cia ANSY'S cung cip cho ban phan tich ngan
sach vé phan b ngan sach sém cho cac quyét dinh thiét ké tac dong cao va do chinh xac
duogc chirng nhan cia nha san xuat can thiét cho viéc ky két IC.Tinh toan ven va do tin
cay cta hé théng IC

Tinh toan ven va do tin cay cua h¢ théng IC: Phan quan trong nhét ctia moi hé théng
dién tir 1a chip phai dap ing nhiéu yéu cau kho khan, chang han nhu hiéu ning cao, chirc
nang tang 1én, hiéu suit ning luong, do tin cay va chi phi thap. Pam bao chip dap tng
cac yéu cau vé tinh toan ven va d tin cay khi ca hai thiét bi doc 1ap va trong hé théng
dién tir doi hoi phuong phap thiét ké chip hé thong. ANSYS cung cap mot bo da giai
phap multiphysics dé hd trg dong chay thiét ké hé théng chip (CPS)

Do chinh xac dugc cac cong ty chirg nhan: Vi chi phi thiét ké va thyc hién mot
hé théng trén chip (SoC) dao dong tur 50 tri¢u dén 200 triéu USD, silic 1am viéc 1an dau
la diéu can thiét. Cac nha thiét ké vi mach yéu cau giai phap mo phong chinh xac nhat
va xem xét chirng nhan duc nhu 13 bang chimg chinh xac cudi cing. Cac giai phap ban
dan cua ANSYS di duoc chirng nhan tai tat ca cac Xuong san XUt hang dau tir nAm
2006.
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3.3.5. Systems: H¢ thong
Mo phong Hé thdng: Khi sy phirc tap cua san phdm ting 18n, thi thach thirc cia
viéc tich hop cac thanh phan riéng 1é trong mot hé thong dé dam bao chiing hoat dong
nhu mong doi. M6 hinh va mé phong hé thong gitp ban tao ra mot nguyén mau 4o hoan
chinh dé hiéu va téi uu hoa cic twong tic quan trong giita vat 1y, su kiém soat va méi
truong trong sudt qué trinh phat trién san pham. Sau d6, bang cach két hop mé hinh hoa
hé thdng voi bd cam bién va dit liéu 16n, ban co thé phat trién mot bd do6i ki thuat sb

cua san pham dé€ quan ly hiéu suat va bao tri ciia n6 sau khi n6 da dugc trién khai.

Vit 1y 3-D, phan mém nhung va mé phong hé théng: Cac giai phap ANSYS cho
cac hé théng cho phép ban xay dyng hé thong mau hoan chinh va k¥ thuat sd. Chiing
t6i cung cap cic cong nghé tién tién nhat cho mo phong vat 1y 3-D, cac hé thong nhung
va thiét ké phan mém. Ban co thé lap rap cac thanh phan khac nhau thanh mau hoan
chinh ctia cac hé thong diéu khién phan mém da phan, c6 thé dugc sir dung trong toan
bo vong doi cua san pham, tir khai niém ban dau dén hoat dong cua san pham.
hé thong

3.3.6. Embedded Software: Phin mém nhiing

Phian mém nhung dang ngdy cang duoc str dung trong cac thiét bj thong minh,
nhung mi khong hoan hao c6 thé 13 nguyén nhan dan dén nhiéu that bai cia san pham.
Céc nha lanh dao nganh wdc tinh mdi 1.000 dong phan mém nhung chira 8 18i. Dé quan
Iy rui ro vé chit lugng, ciing nhu dap tmg cac tiéu chuan cao hon vé ching nhan phan
mém, ban can phai tin dung cic cong cu phét trién phan mém nhing va cac bd xuat ma
dugc ching nhan. ANSYS cung cap mé hinh phat trién phan mém duya trén mo phong
va méi trudng md phong véi mot bd ma ngudn duge xay dung san dé day nhanh cac dy
an phat trién phan mém nhung. Cac k¥ su hé thdng va phan mém str dung cac giai phap
ANSYS SCADE dé thiét ké dd hoa, kiém tra va tu dong tao cac hé théng va ung dung
phan mém quan trong v&i yéu cau d tin ciy cao. Cac giai phap SCADE c6 tinh twong
hop cao va c6 thé d& dang tich hop, cho phép t6i vu hoa phat trién va ting cudong giao

tiép gilta cac thanh vién trong nhom.

3.3.7. Multiphysics: Da Phuwong
Chung ta song trong mot thé giéi dang c6 nhiéu tic dong vat Iy, va cac san pham
san xuat thuong phai chiu nhiéu tac dong vat 1y ciing mét luc. Luc chat 1ong, hiéu mg
nhiét, két cAu va birc xa dién tir c6 thé anh huong dén hiéu nang cua san phém va xu ly
trong thyc té. Néu ban cb ging c6 14p nhiéu liuc trong méi trudng, ban s& khong thé du

doan chinh xac vé hanh vi. Cac giai phap da nhan cia ANSYS c6 thé giup cac k¥ su
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kiém tra nhitng hiéu Gng nay trong su két hop va cach ly, dat dugc giai phap cao nhat
khi can thiét.

Cong ngh¢ giai trinh sau, da dugc ching minh tor ANSYS la mdt cong cu tich
hop sin. Ap dung cong nghé nay dé mé phong da méi trudng 1a bude tiép theo cho giai

doan cong nghé tiép theo.

3.3.8. Platform: Phin nén ting

Platform  ANSYS Workbench 1a phan 15i cho viéc cung cip mot hé théng mo
phong toan dién va tich hop cho khach hang. Str dung Workbench dé mé phong phat
trién san phdm mang lai hiéu suat cao hon tir cac ing dung tich hop sir dung cac mé
hinh dit liéu pho bién va twong thich. Workbench cung cép cho ban quyén truy cip vao
hé théng da nang va hé théng ma khong thé dat duoc trude d6. Cac to chite CNTT nhan
ra do tin cdy cao hon, chi phi hd trg thap hon va giam tong chi phi s¢ hitu vi nén tang
ctia chung toi giai quyét cac sy ¢d vé phan cimg, phan mém va dir liéu gip phai khi sir
dung nhiéu tng dung doc 1ap.

3.4. Nghiém ciru vé Ansys Fluent va xay dung mé hinh md phéng so.
3.4.1. Nghién cvru sw dung Ansys Fluent.

Ansys Fluent 1a mdt phﬁn mém tinh toan dong lyc hoc chét long (CFD) ¢6 muc
dich chung dugc sir dung dé 1ap mo hinh dong chét 16ng, truyén nhiét va khdi luong,
phan tmg hoéa hoc, v.v. Fluent cung cip giao dién hién dai, than thién véi ngudi dung,
gitip hop 1y héa quy trinh CFD tir trude dén sau xir 1y trong quy trinh lam viéc mot cira
s0. Fluent duoc biét dén voi kha ning mé hinh hoa vat 1y tién tién, bao gdm mo hinh
hoa nhidu loan, dong chay don va da pha, qua trinh d6t chay, mé hinh héa pin, twong
tac cAu truc chat long va hon thé nira. trén nhiéu bo xtr 1y trén CPU hoic GPU. Nhiéu
tuy chon b giai cé san, bao gém bo gidi CPU dya trén ap suét va mat do dé bao gém

cac dong toc do thap dén si€u am va bd giai GPU gbe dua trén ap suat.

Viéc thiét ké va phat trién kiéu ddng xe buyt can dat dugc su can bang giira nhiéu
muc tiéu vé hiéu suit va kiéu dang. N6 khong chi can dam bao luong gi6 nap du dap
g nhu cau tan nhiét ctia hé théng ma con can giam thiéu anh hudéng dén lyc can khong
khi va dap Gmg yéu cau mé hinh héa, didu nay di thu hat déng dao cac hoc gia trong va
ngoai nudc thuc hién nghién ctru. Pac diém khi dong hoc cua xe lam diém dot pha;
thong qua phan tich mo6 phong va nghién ctru thuc nghiém, anh hudng cua hai trang thai
cua ludi tan nhi¢t hoan toan mé va dong hoan toan dén céac dac diém khi dong hoc, va
nghién curu vé anh huong cua kiém soat 30 m& cua luéi tan nhiét ddi vai quan ly nhiét

cling dugc gidi thi€u. Cac nha nghién ctru da trinh bay vi¢c st dung CFD nhu mot cong
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cu md phong dé diéu tra va danh gia cac yéu td khac nhau anh hudng dén ludng khong
khi lam mat chua thanh cong. Cu thé, tic dong cua ciu hinh mo-dun 1am mat phia trude
(quat, tim che quat, bo trao d6i nhiét) d6i véi ludng khong khi 1am mat va mé-men xodn
cua quat da duoc kiém tra chit ché. Su nghién ctru anh hudéng cua viéc dong ludi tan
nhiét va vi tri caa ludi tan nhiét trén va dudi dén lyc can khi dong hoc va sy thai nhiét
ctiia khoang dong co ,nham muc dich thiéu dong chay ¢ day va ca hai bén cta binh
ngung; bang cach tdi uvu hoa ludi tan nhiét, luong khong khi di dugc ting 1én va giam
duogc su thiéu hyut dong chay. Xay dung mot mo hinh mé phong CFD cho thiét ké dau
xe 6 t6. Thyc hién mo phong CFD vé cac thong sd va hinh thirc cy thé cua ludi tan
nhiét, va tom tit anh huéng cua cac thong s6 cu thé cua ludi tan nhiét dén hé sb can va
Iwu Iwong cta xe. Qua thir nghiém, nguoi ta da chimg minh dugc rang luong khong khi

vao cua bd trao ddi nhiét da tang 1én dang ké va gidm nhi¢t do nudce ra cua dong co.
3.4.2. Xay dung mé hinh mé phéng so.
3.4.2.1. Trinh tw mo phong.

Pé mo hinh héa va mé phong dong luc hoc cia cac loai 6 to ta st dung cac goi
phan mém thanh phan trong méi truong Workbench cia ANSYS 2022 R1 va phan mém
hd tro x4y dung mo hinh 1a Catia V5R21

O A “ Méi trudn S
Phan mém Catia s ¢ ¢ E ‘ Mo truong Ansys
V5R21 Geomelry cua Meshing
o | Ansys Fluent o

Moi tnrong Result Moi trudmg Slution ‘ Mai trnirémg Setup
cua Ansys Fluent ‘ cua Ansys Fluent cua Ansys Fluent

Hinh 3.5. Trinh tw mo phong
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Hinh 3.6.Cdu triic trong mé phéng bang Ansys Fluent.

Céc budc thiét 1ap mo phong trén Ansys Fluent cu thé nhu sau:

Budc 1 (Geometry): Xay dung md hinh trén Catia VSR21 sau d6 dua vao
Workbench thuc hién mé phong.

Budc 2 (Meshing): Chia ludi mé hinh trong phan mém Ansys Fluent (with Fluent
Meshing).

Budc 3 (Setup): Chon mé hinh tinh toan, thiét 14p khai béo diéu kién bién trong
Fluent.

Budc 4 (Solution): Thuc hién thiét 1ap va tinh toan trong Fluent.

Budc 5 (Results): Két xuat két qua trong CFD-Post va Tecplot.
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CHUONG 4. NGHIEN CUU SUDUNG PHAN MEM ANSYS FLUENT
THIET KE HE THONG LAM MAT PONG CO XE BUS THACO.

4.1. Chon dong co xe Bus Thaco, cic thong sb vé xe va dong co.

4.1.1. Chon xe Bus Thaco Garden 79s.

oA, W

-y J

-

Hinh 4.1.Xe Bus Thaco Garden 79s.

Thaco Garden 79s 14 dong xe bus véi 29 ghé ngdi, dugc thiét ké va san xut lap
rap tai nha may Bus Thaco — nha méy xe bus 16n va hién dai 16n nhat Khu vuc Pong
Nam A. Thiét ké dang trong, hién dai, Thaco Garden 79s co chiéu dai 7,9m, dong co
duoc lép dat phia sau. Hé théng treo khi nén dugc trang bi loai 6 bau hoi ( 2 trude, 4
sau) boi nha cung cap Komman — Puc, hé thong 16p khong rudt duoc cung cip bai tip
doan Michelin cung véi mam 16p bang hop kim nhém Alcoa — My, tat ca yéu td dé giap

xe van hanh ém diu va on dinh trén nhiéu diéu kién dia hinh.
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Hinh 4.2. Néi thdt cia Thaco Garden 79.

4.1.2. Cdc thong so vé xe va dpng co Thaco Garden Bus 79s.

Khung Body va Chassis xe Thaco Garden 79s duoc thiét ké lién khdi va xir 1y
nhung tinh di¢n (ED), mang lai hi¢u qua rd rét trong vi¢c giam nhe trong lugng xe, két
hop hé thdng treo khi nén 6 bau hoi dugc cung cap boi tap doan Komman ( Pirc) gitip
nang cao do bén va tang do 6n dinh Khi van hanh.

Pong co Weichan cong nghé méi hé thdng phun nhién diéu khiéu khién dién tir
CRDi ( Common Rail Direct Inection) ctia hang Bosch ( Pirc) va hé thong xir 1y khi thai
hién dai theo tiéu chuin Euro 4 cua Chau Au, gitp xe van hanh manh mg, tiét kiém
nhién li€u va than thi¢n v61 moi trudong.

Bdng 4-1. théng sé ky thudt ciia xe Thaco Garden 79s

KICH THUOC
Kich thudc tong thé

mm 7945x2200x3105
( DxRxC)
VEét banh xe trudc mm 1885
Vét banh xe sau mm 1705
Chiéu dai co s& mm 3800
Khoang sang gam xe mm 144
TRONG LUQONG
Trong lugng khong tai Kg 6600
Trong lugng toan bo Kg 8715
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Sb chd ngdi Chd 29
KHUNG GAM THACO
PONG CO
Tén dong co WP4.1NQ170E40
Loai dong co Diesel, 4 ky, 4 xilanh thang hang, co ting ap,
1am mat bang nudc.
Dung tich xianh cc 4088
Puong kinh x hanh trinh
piston mm 105x 118
Cong suat cuc dai/tbc do
Ps 170(pso/ 2600
quay
Mo men xodn/ toc do quay | Nm 600 (N.m)/ 1300-1900
TRUYEN DONG
Ly hop 1 dia, ma sat kho, dan dong thuy luc, tro Iuc
khi nén
Hop sb C¢ khi, s san, 6 so tién, 1 s6 i
Ty s6 truyén hop s chinh 1h1=6,67;in0=4,01;in3=2,42;ina=1,52;
1h5=1;1h60,78;1r=6,13.
HE THONG LAI
Truc vit € cu bi, trg luc thuy luc
HE THONG PHANH Trang bi ABS
Phanh chinh Trudc: phanh dia. Sau: phanh tang trong dan
dong hai dong
Loai tang trong, khi nén + 16 xo tich ning,
Phanh dung
tac dong 1én cac banh xe sau.
Phanh ho tro Trang bi ABS
HE THONG TREO
Trudc 2 bau hoi, 2 giam chan thuy lyc va thanh can
bang
Sau 4 bau hoi, 4 giam chan thuy luc va thanh can
bang.
LOP XE 225/90R17.57Dual 225/90R17.5
DAC TINH
Kha ning lao doc % 40,6
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Ban kinh vong quya nho

! g quy M 74
nhat
Tbc d6 toi da Km/h 120
Dung tich thung nhién liéu lit 100

Hinh 4.3.Dong co xe Bus Thaco Garden 79s.
4.2. Xac dinh lwong nhiét truyén cho nwéc lam mat dong co.

Nhiét do tir dong co truyén cho nudc 1am mat co thé coi gan bang s6 nhiét
lugng dua qua bd tan nhiét truyén vao khong khi, lugng nhiét truyén cho hé théng lam
mat cia dong co xing chiém khoang 20 + 30%, con ctia dong co diéden chiém khoang
15+25% téng s6 nhiét luong do nhién li¢u toa ra. Nhi¢t luong Qim c6 thé tinh theo

cong thtrc kinh nghi¢ém sau day:
le = qalm Ne, (J/S) (4—1)

Trong d6: q"im- Luong nhiét truyén cho nudc 1am mat tng mot don vi cong suat
trong 1 don vi thoi gian (J/kW.s);
Dbi voi dong co xang:
q'm = 1263 + 1360 J/kW.s (1300 + 860 kcal/ml.h)
Déi voi dong co diéden:
qQ'im = 1180 + 1138 J/kW.s (760 + 720 kcal/ml.h).
Tur Catalogue Bus Thaco Garden 79s ta biét:

Ne= 170 kW ( Ung v6i cong suit cuc dai)
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Dong co Diesel nén ta chon :
qm= 1150 J/kW.s
Tu (4-1) :
Qm =1150.170 =195500 J/s
Co tri s6 Qim, ta cod thé xac dinh dugc luong nudc Gim tuan hoan trong hé théng

trong 1 don vi thot gian:

O,
Gy, = c Atn (4-2)

Trong do :

Cs - Ty nhiét ctia nude lam mat (J/kg.do );

Nudce: C, =4187 J/kgdd (1,0 keal/kg.do ),

Etylen glucon : Cn = 2093J/kgdd (0,5kcal/kg. do).

Aty - Hiéu nhiét d§ nudc vao va ra by tan nhiét:

Véi dong co 6 to may kéo Aty = 5 + 10°C.

Vi dong co tau thuy At, = 5 = 20°C khi dung véi hé théng 1am mat ho va 7 +
15°C v6i hé thong kin.

Chon At,=7°C

Suyra:

0, 195500

G, = = = 6,67
CAt, 41877

4.3. Tinh két nworc:

Bao gém viéc xac dinh bé mat tan nhiét dé truyén nhiét tr nudc ra moi truong
khong khi xung quanh.

Xac dinh kich thudc ctia mit tan nhiét trén co so 1y thuyét truyén nhiét.

Truyén nhiét trong bd tdn nhiét chu yéu 1a d6i luu. Két nudce tan nhiét cla dong

co 0 t0 may kéo c6 mgt mat tiep xuc véi nudc nong va mat kia ti€p xtic voi khong khi.
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Do d6 truyén nhiét tir nudc ra khong khi 13 sy truyén nhiét tir moi chit nay dén
moi chat khac qua thanh méng. Nhu vdy qua trinh truyén nhiét c6 thé phan ra lam ba

giai doan tmg véi ba phuong trinh truyén nhiét sau: (Theo [2]- trang 8-2)

- T nudc dén mit trong thanh ong:

le = o,F, (tn - t51)’ J/s (4'3)
- Qua thanh 6ng :
AF, (ts, — ¢
o - Milazi) oy (4-4)
Im S
- Tir mit ngoai ciia thanh dng dén khong khi :
sz = OLze (tzsz - tkk)’ J/s (4-5)
Trong do :

Qim — Nhiét lugng ctia dong co truyén cho nudce lam mat bang nhiét lugng do
nuée dan qua bo tan nhiét (J/s);
o1 — Hé s6 tan nhiét tir nude 1am mat dén thanh éng cua bo tan nhiét (W/m2.d9);
A — Hé s6 dan nhiét cua vat liéu 1am 6ng dan nhiét W/m.do (kcal/m.h°C);
8 — Chiéu day cua thanh dng (m);
o2 — Hé s6 tan nhiét tir thanh 6ng cia bo tan nhiét vao khong khi, tinh W/m2. d6
(kcal/m.h°C);
F1 — Dién tich bé mit tiép xuc v6i nude nong (m2);
F2 — Dién tich bé mit tiép xuc v6i khong khi (m2);
ts1,ts2 — Nhi¢t do trung binh cua bé mit trong va ngoai cua thanh 6ng;
to,tkk — Nhiét d§ trung binh cia nudc lam mat trong bo tan nhiét va cua khong
khi di qua bg tan nhiét.
Giai cac phuong trinh trén ta co:

0 - ! F(t—t)=kF(t —1t)

Im 1 F2 +8 F2+ 1 2 » kk Kk (4_6)

o F, AMF, o,

Dién tich tiép xuc v6i khong khi F» xac dinh theo cong thirc:
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— le
Bk =) 1)
Trong do:

1 . . o
k= 1a h¢ s6 truyén nhiét tong quat cua két nuoc.

1 F, 8F, 1
el
o F, MF, a,

Dién tich F> thuong 16n hon dién tich F vi F2 con tinh dén dién tich cua cac canh
tan nhiét.
Ty s6 Fao/Fi= ¢ goi 1 hé sd dién tich, d6i v6i loai két dung dng nude dep co thé
chon ¢ =3 + 6.
Nhiét d¢ trung binh ctia nudc lam mat trong két nudc xac dinh theo biéu thirc
sau day : (theo [2]- trang 8-3).

t +t
t — nv nr

= (4-8)

Trong do, nhiét o nudc vao tny va nhiét do nudc ra tar cia két nude co thé lay

bang nhiét d§ nudc vao va nhi¢t do nudc ra cua dong co.

DPdi véi dong co lam mat bing nudc nhiét d§ nudc lam mat di ra tor dong co toi
uu la tr khoang 75 + 85°C. Vay chon tyy = 85°C. ( theo [1] — trang 216).

Nhi¢t do trung binh ctia khong khi 1am mat: (theo [2]- trang 8-3).

t, +1
tkk 5 kkv kkr (4-8)

Nhiét d6 khong khi vao (ty) phia truéc bo tan nhiét 1ay bang 49°C. Chénh léch
nhiét 46 ctia khong khi qua bo tan nhiét At 1y bang 20 + 30°C.
Véi: i = tidy + Atk
Ta lay At =25°C
Do d6 tur = 74° C.

Suy nguoc lai nhiét do trung binh ctia khong khi lam mat:

ot 49474 o

"" 2 2
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Hé sb a1 co thé xac dinh bﬁng cac cong thuc thyc nghiém. Tri sb thi nghiém

ctia hé s6 o thay doi trong khoang o= 2326 + 4070 (W/m2.d9)

k k
‘cof//ﬂ"di w /(”’239‘)

{120
100 >

1 g
2/&2 {100
8o F—t
/' //\3 80
60 2R B 74.
4

7
£ 60
40 1'4 // /\lk
Ve /\/ ’ {40
20 / -~
= 20

o

o 4 8 2 Goux f"‘
kg [ (m’s)

Hinh 4.4. Quan hé cua hé 56 truyén nhiét k véi toc dé khong khi .

Hé s6 A ciia dong 14 A = 83,9 + 126 (W/m.d0) ctia hop kim nhom 104,8 ~ 198
(W/m.dd) con cua thép khong gi 9,3 +~ 18,6 (W/m.do).

Hé s6 a2 phu thudce chi yéu vao tde d6 caa khong khi k.

Khi thay ddi ok tir 5 + 60 m/s thi hé sd a» thay doi dong bién tir 40,6 + 303
(W/m?2.do).

Hé s6 k cho b6 tan nhiét kiéu dng c6 thé xac dinh theo dd thi k = f(ww) trén
hinh (4-4). Theo s lidu thi nghiém, xac dinh bé mat lam mat ctia bo tan nhiét, c6 thé
lay k ~ a2 va c6 thé tinh gan dang o, = 11,38.0%8(W/m2.do).

Trong do:

ok — Tdc do ctia khong khi di qua bo tan nhiét (m/s),

Khi khong tinh dén céac ton that nhiét: (theo [2]- trang 8-4).

0, = C.Gu(t,, — 1) (4-10)
Dodo: ¢, =t, + O
cuGu
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Tuong tu, ttr cong thure (4-3) chung ta tim dugc nhiét do cua nudce khi ra khoi

két nudc. t, =t + O
ann

Véi dong co 6 to may kéo, tri s6 Gk c6 thé tinh theo cong thirc thuc nghiém:
(theo [2]- trang 8-4).

Gik= (0,053 + 0,102)Ne, kg/s
Trong do:
Ne — Cong suat cuc dai (kW)

Dién tich F ciling ¢ thé tinh theo cong thic thuc nghiém gan dung: (theo [2]-
trang 8-4).
F> = 2 Ne (m?) (4-11)

Trong do:

f, — Hé sb dién tich lam mat ctia két nude ung véi mot don vi cong sudt m2/kW;

Ne — Cong suét ¢ ich cuc dai cta dong co (kW).

V6i dong co 6 to du lich £, = 0,136 + 0,313 m?kW (0,10 + 0,23 m?/ma luc),
dong co 6 6 tai £, = 0,024 + 0,408 m*kW (0,15 -+ 0,30 m?*/ma lyc) va cho dong co
may kéo > = 0,408 + 0,543 m?*/kW (0,30 + 0,40 m?>/ma luc). Chon £, = 0,2 m2/kW.

Tu (4-11):

F2=0,2.170 = 34 m?

Dung tich ctia hé thong 1am mét bang chét 1ong img véi mot don vi cong suat
(Vim/Ne) thuong trong khoang:
bong co 6 t6 du lich : 0,163.1073 =+ 0,354.10m*/kW (0,12 + 0,26 1/ma luc).

Pong co 6 6 tai : 0,272.107 + 0,816.10° m*/kW (0,20 =+ 0,60 1/ma luc).

Dong co may kéo : 0,816.10° +2,04.10°m3/kW (0,6 + 1,5 I/ma lyc ).

4.4. Tinh bom nuéc:
Xéc dinh luu luwong nude tuan hoan trong hé théng lam mat Gim va cdt ap H.
Luu lugng nudc tuan hoan trong hé théng lam mat phu thudc vao nhiét lugng

do nudc lam mat mang di va chénh 1éch nhi¢t d6 cua nudc trong dong co, xac dinh
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theo cong thirc (4-2):

G =G = O , kg/s;
Im n Wy

Trong do:

Qim— Nhiét lugng truyén cho nuéc lam mat (J/s);

Cn — Ty nhiét cua nudc (J/kg. dJ);

tar, tav — Nhiét d0 nudce ra va nhiét do nude vao dong co.

Stic can chuyén dong ciia nudc trong hé thong lam mat dugc tinh theo cot
nudc H va phu thudc vao stc can cua tung bg phan: két nudc, 6ng dan, vach nuédc
trong than va nap may v.v ... Thuong sitc can tong quat clia hé thong 1am mat khi tinh
toan gan dung c6 thé lay H = 3,5 = 15 mH20.

Xéc dinh lugng nude lam mat tieéu hao Glm va cot ap H, ta c6 thé xac dinh dugc

kich thudc co ban ctia bom nudc.

Luu lugng cua bom nude xac dinh theo cong thirc sau: ( theo [2]- trang 8-5)

G =" kg/s (4-12)

b

Trong do6:

n— Hé sd ton that ctia bom: n=0,8 = 0,9.

Chon n= 0,85

Ta tinh ra duogc luu lugng cua bom nudc la:
G

oG, 607

=7,85,kg /s
" m 085

Kich thudc cha yéu ctia bom phai cin ¢t vao su chuyén dong cua chét 1ong trong
bom.Véi loai bom ly tim céc phéan tir chat long dong thoi tham gia hai chuyén dong
(Hinh 4-2).

1 - Van téc vong: Nude quay cung canh bom véi van tde u (tai diém vao A: van
tdc 1a ul; tai diém B, van tdc 1a u2 ).

2 - Van tbc trong d6i theo hudng tiép tuyén vo canh quat w (tai A: van tc tuong
d6i 1a wl; tai B van tdc twong ddi 1a w 2).

SVTH: Duong Vian Diing, GVHD: GS.TS.Tran Vin Nam 41



Str dung phan mém Ansys Fluent thiét ké hé thong 1am mat trén xe Bus Thaco.

Hinh 4.5. So dé tinh toan bom nwée li tam.
Nhu vdy phan tir nudce chuyén dong voi van toe tuyét ddila : c=u+w ; (tai A c6
van tbc tuyét ddi cl ; tai B ¢6 van toc tuyét ddi c2 ).
L nudc vao bom phai dam bao cung cap du lwgng nudc tinh toan can thiét, Kich
thudc cua n6é dugc tinh theo cong thirc: ( theo [2]- trang 8-5).

G
f :Tc(rz_rz): ’ 9m2
r ! 0

(4-13)

cipn

Trong do:

Gy — Luong nudc tinh toan cia bom (kg/s);

r1 — Bén kinh trong ctia banh cong tac (m);

ro — Ban kinh & banh cong tac (m);

ci— Van tdc tuyét d6i cua nude khi di vao canh, biang 2 = 5 (m/s);chon 4(m/s).

pn— Mat d6 ctia nude bang 997 (kg/m?).
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G, _ 185
T oep, 4997

=1,97.107, m?

T phuong trinh (4-13) rat ra:

r= 7 e = 5% 40,015 =0,0290m) = 29(mm) (4-14)
cp 4.997.

Ban kinh ngoai r> cua banh cong tac dugc xac dinh tir van toc vong uz ¢ diém

&
u = [T+iga cotP ,m/s )
TyIHiea coth /nb (4-15)

Viy:
py = Yo 30, (4-16)
W Tn )
b b
Trong do:

ou,02 — Goc giita cac phuong trinh ctia van tde ¢1 va ui,cz va a1=90° va o= 8
+12%;Chon o= 12°.

B1,B2 — Goc kep giita cac phuong ciia van tdc tuong déi w véi phuong cia u
theo hudng nguoc lai (6 A ¢6 Bi, & B ¢6 B2); thudng o= 12 + 15°, khi tang B> thi ¢t
nudce do bom tao nén sé& ting, do d6 khi nguoi ta dung bom véi 2= 35 + 50°, hodc dic
biét c6 bom B2= 90°; Chon o= 15°.

g - Gia tbc trong truong =9,81 m/s%;

H - Cot ap cua bom (m); H = 3,5 + 15 mH>0; Chon H = 10 mH>0.

nv- Hiéu suét ciia bom M = 0,6 +0,7; Chon np = 0,68

ob- Toc d6 vong ciia banh cong tac (1/s);

ny - S6 vong quay ctia banh cong tac (ve/p).

9,81.10
u, =1+ 1g(12°) cot(15°) ,| g =16:08.m /s

Thong thuong ai= 90° khi d6 B1 xac dinh theo cong thic:
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c, cr
g =_—=_"2
Uy w7 (4-17)
1 21
Tri s6 cua B1 ndm trong khoang 40 + 55° ciing ¢6 thé nhé hon.
Quan h¢ gifra tdc d6 uy, ua biéu thi theo cong thirc sau :
— rl
u=u— (4-18)
r

Chiéu cao cua canh bom ¢ 161 vao va ¢ 161 ra dugc xac dinh: (theo [2]- trang

8-7).
b - Ub 81 , m I
P |
n 1 2 .
g
4-19
b = S, ;m | .
>, PcC 7= > |
1 ? sin B ]
2
Trong do:
81, 82 - Chiéu day cua canh & 16i vao va & 16i ra, tinh ra (m) c6 thé ldy 8= 5,
=3»=3+5mm;
¢ - Te d6 ly tAm ctia nude 6 16i ra (m/s) ;
. Hg
c =cC smo = taga (4-20)
r 2 2 2
umo
c Hg 10.9,81

"= 1a8% = 16,08.0,68 19812 =1.9,m/s
2 b

z - S6 canh cta banh cong tac thong thuong z =4+ 8 ;
Bom nudc dung cho dong co 6 t6 may kéo ngay nay thuong co :
bl=12+35mm;
b2=10~+25mm;
Sau khi da c6 gia tri kich thudc co thé tién hanh thiét ké dang canh bom theo
trinh tu sau day:

1 - V& hai dudng tron dong tdm c6 ban kinh r; va r;
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2 - Trén vong cua r2, lay diém B, qua B, dung goc EOB = B, (xem Hinh 4.5).

3 - Tur tam O, ké mot dudng cat vong 11 ¢ k sao cho OK 1am v6i OB mdt goc
(B1 + B2).

4 - Kéo dai duong BK, cit vong 1 tai A;

5 - Ké duong trung tryc LE cuia doan AB, duong trung tryc d6 gdp BE tai E;

6 - Diém E 1a tim clia cung tron qua AB (dang ctia canh bom) ban kinh moayo &
banh cong tac R» = OE.

Luu lugng bom va cot 4p do bom tao ra phu thudc vao dang canh bom.

Luu lugng bom nudce Gb, ¢t ap H va cong suét tiéu thu cua bom Ny phu thudc
vao s vong quay cta banh cong tac theo quan hé:

Gb = A.np; H= B n%; Np=C n%;
O day : A, B, C - Cac hé sb.
Cong suét tiéu hao cho bom nudc tinh theo cong thirc sau day: ( theo [2]-trang

8-8).

N _GH9,.81.10° KW
b~ ’ (4-20)

b cg

Trong do6:

Neg - Hiéu suét co gidi ctia bom: neg= 0,7 + 0,9.

Trong dong co 6 to may kéo cong suit ton that cho bom nuée khoang Ny=
(0,068 ~0,0136) N (kW).
4.5. Tinh quat gio:

Luong khong khi, ap sudt dong do quat tao ra va cong suat ton that cho quat
phu thudc vao sd vong quay cua truc quat: luong khong khi ty 16 bac nhat, ap suat ty 18
bac hai va cong sut ty 1& bac ba v4i s6 vong quay.

Khi tinh toan quat gié, can luu y rang: D6i véi loai dong co may kéo Gk c6 thé

tinh theo cong thirc (4-13) nhung khi tinh quat gi6 ctia dong co 6 t6 nén tinh dén anh

huong cua toc d6 gié gay ra do tde do chuyén dong cia 6 to.

Do @6 luu luong thuce té cia quat thuong 16n hon luu lugng tinh toan Gyk.
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Murc @6 16n bé cta luu luong thuc té phu thude vao tdc d6 cua 6 to. Khi tdc d6 6
t6 16n, luu luong gio thuc té di qua két nuée ting 1én, nén luu luong khong khi do quat
cung cip giam xudng rd rét.

Luu lugng cta quat gié Gq phu thudc vao kich thudce cta quat gio, ¢6 thé xac luu

luong quat gi6 theo cong thirc sau day: (theo [2]- trang 8-8).

b
o
Lrard

r

2R

Y

Hinh 4.6. So dé tinh todn quat gio.
1
_ 2 2
Gq =pT (R —r )nqban = [sinou.cosa , kg / s (4-22)

Trong do:

p = Py-10° (thuong chon pi= 1,1 - Khéi luong riéng ctia khong khi (kg/m? );
k
R.T,

R,r - Ban kinh ngoai va ban kinh trong ctia quat (m);

b - Chiéu rong canh (m);

ng = (1 + 2)n - Sé vong quay cua quat (vg/ph)

n - S6 vong quay truc khuyu.

o - Goc nghiéng cua canh.

Z - S6 canh.

ik - Hé s6 ton that tinh dén strc can ctia dong khong khi khi & cira ra dudi nap

dau xe.
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1

KK
0,6
0.4 ,/

= 1
0 025 05 075

Hinh 4.7. Quan hé n =f( )
e LTE.RZJ

A

RZ

H¢ s6 ni phu thude vao ty so ; & day fn - dién tich ti€t dién cura ra cua

e

khong khi dudi ndp dau xe. Quan h¢ cua hé s6 nkk vai ty so R

gidi thi¢u trén hinh
4.7).
Cong suét tiéu thu cua quat gié xac dinh theo cong thire sau: ( theo [2]-trang
8-9)
v - Z.n';.b.(R2 —rz).sinzoc

W (4-23)
‘ 2840000

4.6. M6 phéng va tinh toan t6i wu hé thong 1am mat.
Hé théng 1am mat c6 nhiéu b phan, chi tiét quan trong nhung do kha ning gidi
han ctia may tinh nén chi thiét ké va mé phong nhiét két 1am mat dong co xe.
4.6.1. Xay dung mé hinh trén phin mém Catia.
Kich thudc cac mo hinh dugc tham khao tir tai li€u

Mo hinh 3D 6 t6 mé phong duoc xay dung duya trén cac thong s6 kich thude co
ban ¢ trén bang phan mém Catia V5R21.
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Hinh 4.8. Xay dung mo hinh trén Catia V5R21.

4.6.2. Nhap mé hinh vao Ansys Fluent.
Sau khi khoi dong phan mém, tiép theo tao méi trudng méd phong Fluid Flow
(Fluent) cho qua trinh mé phong. C6 hai cach dé tao méi truong mé phong:
- Nhén dap vao méi truong.
- Kich chuot va kéo moi truong ra.
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Hinh 4.9. M6i trwong bdt dau qud trinh mé phong.

Tiép theo dbi tén cho project vura tao va nhdp mo hinh tao dugc tir phﬁn mém
Catia V5R21. Kich chudt trai vao Geometry di chudt dén import vao dén thu muc luu

mé hinh chon dé nhap mo hinh. M6 hinh dugc nhap thanh cong khi co6 déu tich xanh.
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Hinh 4.10. Nhdp mé hinh lén moi truong.
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4.6.3. Tién hanh chia lwéi cho mé hinh.

Sau khi nhap thanh c6ng mé hinh vao méi trudng ta tiép tuc vao moi trudng chia

ludi Meshing cho mé hinh. Khi vao méi truong Meshing ta kich vao General dé co thé

thdy dugc mo hinh,
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Hinh 4.11. M6 hinh khi chwa Meshing.

Meser Dupen L L
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Sau d6 tién hanh chia ludi ty dong cho mé hinh, do mé hinh c6 két cAu phirc tap
nén ta nén dung chia luéi ty dong dé giam tai cho may tinh. Cho hoan thanh qua trinh

chia lué6i ta thay duoc nhu hinh dudi day:

L aes W o =h4 $-3-8 ° E . ' R e - *ix

- -s e
-n (] R
A ..I-I'-lllllIII..IIlIIIIII...IIIl-

T e e
2 IIIIIIIII'..III-IIIIIll.lllllllllll x

s ey OOS

Hinh 4.12. Hoan thanh chia luoi tw dong.
Ta thay duogc cac thong s6 ludi sau khi chia:

Bdng 4-2. Chat lwong ludi.

Chi tiéu danh gia Windsor
S6 nut(Nodes) 313683
S6 phan tir ludi (Cells) 1302975
Hé s6 d6 1éch so v6i phan tir tiéu chuan 08
(Skewness) ’
Hé s6 chat luong truc giao(Orth l
¢ sO chat lugng truc giao(Orthogona 0272

Quality)

Chi tiéu d4nh gia chat lwong rd rang nhat cho mot mé hinh chia ludi d6 1a hé s6

d6 1éch so v&i phan tir tiéu chuan (Skewness) va hé sb chat luong truc giao (Orthogonal
Quality). O day ta thy trong ca 2 mo hinh ca hai hé s6 déu nim trong ving chip nhan
dugc (Acceptable) cua giai hé s6 do 1éch so v6i phan tir tiéu chuan va ving tdt (good)

cua giai gia tri hé so chat luong truc giao.
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4.6.4. Cai dit cdc thong sé cho qud trinh tinh todn,mé phéng.

M3 hinh véi cac diéu kién bién trén duoc mo phong véi cac gia dinh sau:

Luéng khong khi hon loan on dinh khong nén duoc, sy nhiéu loan dugc mé hinh
hoa bang mé hinh RNG k- véi tuong khong can bang, cuong d6 nhiéu loan dau vao 1a
5% va ty 1¢ do nhot phan tir ciia nhiéu loan 1a 10. Khong khi di vao ¢ nhiét do moi truong
xung quanh vai cic dic tinh phy thudc vao nhiét dg, cac thanh phén kim loai c6 trong
nghién ctru 1a doan nhiét.

— Lua chon ché d6 mé phong

Trong phan Solver lira chon b giai dwa trén 4p suit Pressure-Based va thuat
toan doc 1ap Absolute cing v6i phuong phap 6n dinh theo thdi gian Steady trong hop
thoai General, chon Gravity trén truc Z bang 9,81 (m/s?) ctia Fluent nhu thinh 4.13
dudi:

Task Page <
General |O|
Mesh
| Scale... || Check ||Rep0r‘t Quality|
| Display... || Units... |
Solver
Type Velocity Formulation
#® Pressure-Based ® Absolute
Density-Based Relative
Time
® Steady
Transient
| Gravity
Gravitational Acceleration
X [m/s?] g -
¥ [m/s7] g -
Z[I’T‘I,"Sz] 0.81 -

Hinh 4.13. Ché dj mé phong.

— Chon mo6 hinh mé phdéng va thiét lap cai dat dé xuét dix liéu hé sb can trong phén
Viscous model Iyra chon mé hinh réi K-epsilon véi nhiing thiét 1ap mac dinh nhu
trong hinh 4.14.
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i Viscous Model x
Model Model Constants
Inviscid Crnu
Laminar 0.09
Spalart-Allmaras (1 eqn) C1-Epsilon
®) k-epsilon (2 eqn) 1.44
k-omega (2 eqn) C2-Epsilon
Transition k-kl-omega (3 eqgn) 1.92
Transition SST (4 eqn)

TKE Prandtl Number
Reynolds Stress (7 egn) 1

Scale-Adaptive Simulation (SAS)
Detached Eddy Simulation (DES)
Large Eddy Simulation (LES)

TDR Prandtl Number
1.3

Energy Prandtl Number

k-epsilon Model 0.85
#® Standard Wall Prandtl Number
RNG 0.85
Realizable

Near-Wall Treatment
#® Standard Wall Functions
Scalable Wall Functions
Mon-Equilibrium Wall Functions

User-Defined Functions

Turbulent Viscosity

none i
Pranditl Numbers

TKE Prandtl Mumber

none b
TDR Prandtl Number

Enhanced Wall Treatment
Menter-Lechner
User-Defined Wall Functions

Options | none -

Buoyancy Effects| Only Turbulence Production = Energy Prandtl Number
Viscous Heating none -
Curvature Correction

Wall Prandtl Number

Production Kato-Launder
none -

Production Limiter
Hinh 4.14. Thiét Igp mé hinh nhot.
— Chon dang vat chat khao sat

Trong phian Materials Fluid chon Water-liquid nuéc (H20) 1a dang vat chat

khao sat v&i nhitng gié tri mac dinh nhu hinh 4.15 dudi:
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. Create/Edit Materials

MName Material Type
water-liquid fluid
Chemical Formula Fluent Fluid Materials
h2o<|> water-liquid (h20<1=)
Mixture
none
Properties

Density [ka/m”] constant
998.2
Cp (Specific Heat) [J/(kg K)] constant
4182
Thermal Conductivity [W/(m K)] constant
0.6
Viscosity [kg/(m s)] constant

0.001003

Hinh 4.15. Chon vdt chdt mé phong.

Order Materials by
= ® Name
Chemical Formula

[ Fluent Database... |

- [GRAHTA MDS I}atabase...|

[User—Deﬁned Database...|

* || Edit...

* || Edit...

* || Edit...

¥ || Edit...

— Trong phan Materials Solid chon alumium 12 dang vat chat khao sat v4i nhiing

gia tri mac dinh nhu hinh 4.16 duéi:

. Create/Edit Materials

Name Material Type
aluminum solid
Chemical Formula Fluent Solid Materials
al aluminum (al)
Mixture
none
Properties

Density [ka/m7] constant
2719
Cp (Specific Heat) [J/(kg K)] constant
871
Thermal Conductivity [W/(m K)] constant

202.4

Hinh 4.16. Chon vdt chdt cho két nuée.

— Thiét 1ap cac diéu kién bién
Diéu kién bién vao (Inlet-velocity):

+Van toc vao v = 1,9 [m/s] = 6,84 [ km/h]

Order Materials by
~7 @ Name
Chemical Formula

[ Fluent Database... |

- [GRAHTA MDS Database...|

[User— Defined Database... |

* | |Edit...

* || Edit...

* || Edit...
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+Vi khong biét 10 vé cdc mirc do hon loan trong mo phong ctia minh, nén c6 thé

sir dung cac gia tri sau ciia cuong do réi (turbulent intensities) 1% -5% va ty 1& 4o nhot

rdi (turbulent viscostity ratio) 1 - 10
Diéu kién bién ra (Outlet-pressure):
+Ap suat ra p =0 [Pa].
+Cuong d6 r6i I = 5 [%].
+Ty 1¢ 46 nhét rdi 1 dén 10

- Velocity Inlet
Zane Mame
inlet
Maomentum Thermal Radiation Species DFM Multiphase Potential

Velocity Specification Method  Magnitude, Normal to Boundary
Reference Frame | Absolute
Velocity Magnitude [m/s] 1 g
Supersonic/Initial Gauge Pressure [Pa]| ggnng

Turbulence
Specification Method | Intensity and Viscosity Ratio

Turbulent Intensity [%] 5

Turbulent Viscosity Ratio 1g

Hinh 4.17. Théng s6 diéu kién bién vao.

- Velocity Inlet
Zone Name
inlet
Momentum Thermal Radiation Species DFM Multiphase Potential

| -

Temperature [K]l 358

Hinh 4.18. Nhiét do vao ket nuorc.

s
Structure ups
-
-
-
-
b
-
v
s
Structure ups

— Trong phan Solution methods tién hanh thiét 1ap cac bo giai va thuat toan giai

nhu da phan tich va duoc thé hién trong hinh 4.19:
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Solution Methods @

Pressure-Velocity Coupling

Scheme

Coupled -
Flux Type

Rhie-Chow: distance based - Auto Select

Spatial Discretization

Gradient

Least Squares Cell Based v
Pressure

Second Order -
Momentum

Second Order Upwind v
Turbulent Kinetic Energy

First Order Upwind -
Turbulent Dissipation Rate

First Order Upwind v
Energy

Second Order Upwind -

Transient Formulation

-

Non-Tterative Time Advancement
Frozen Flux Formulation

Pseudo Time Method
Warped-Face Gradient Correction

High Order Term Relaxation

Structure Transient Formulation

Default |

Hinh 4.19. Thiét Igp phwong phép gidi.

-

Chon phuong thirc khéi tao:

Solution Initialization @)

Initialization Methods
®) Hybrid Initialization
Standard Initialization

| More Settings...] [Initialize]

Patch...

Reset DPM Sources Reset LWF | Reset Statistics

Hinh 4.20. Thiét ldp phwong thirc khdi tao.

— Thiét 1ap phuong phap giai va chay chuong trinh mé phong bai toan
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Trong phan Run Calculation ta tién hanh thiét 1ap cac thong sb dé giai bai toan
duoc thé hién trong hinh 4.21 véi s6 1an tinh 1a 50 1an.

Fesdusk
e oLy
—

[~ ol
203y
'
el )

‘ezsion

Hinh 4.21. Bai toan hoi tu.
4.6.5. Két qui mé phong.
Tao mot Contour dé thé hién két qua ciia md phong, chuyén Variable ¢ ché do
Temperature dé biéu thi nhiét d6 ciia mo phong.

Mot md hinh phai chay nhiéu 1an dé cho ra két qua téi wu nhat.
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Hinh 4.22. Két qud nhiét d6 sau mé phong.
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4.7. Két luan.

Kiém tra xac minh va phan tich cé thé thu duoc nhiét do cua két lam mat va van
tdc cua khong khi chay qua bé mit mo-dun 1am mat thong qua thir nghiém trén duong
thue t& va mé hinh mé phong 3D. Do chinh x4c ctia m6 hinh mé phong 3D duoc danh
gid thong qua viéc so sanh gia tri thuc nghiém va gia tri tinh toan thi gia tri trén mo

phong rat chinh xac.
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CHUONG 5. TOI UU KHA NANG LAM MAT CUA HE THONG THIET

KE.

5.1. T6i wu khoang Iy gié hé thong 1am mat.

Hudng gi6 dugc xem xét dé danh gia ton that ap suat. Dién tich mai hat duoc ldy
tir dién tich can thiét cho ludng khong khi 1am mat. Ty 16 khoang cach/chiéu cao cua cira
gi6 di dugc duy tri nhu ty 16 cua phuong tién hién c¢6 dé duy tri cac yéu cau vé dan dao

cua phuong tién.

Nhitng cira gi6 nay duoc thiét ké dé cung cip kha ning bao vé tdi da chdng lai
sy tin cong cho ngan chira bd ngudn. Nhung yéu cau chiic ning ciia nd trai nguge voi
muc dich khéac ciia n6 1a cho phép ludng khong khi di qua t6i da, vi vdy chung tao ra
nhiéu lyc can ddi véi ludng khong khi hon so véi cac loai cira chdp thong thuong. Cac
dic tinh hé s6 ton that dugc thiét 1ap cho cac tbe d6 dong chay khac nhau. Ho so cira gid
dai dién dugc xem xét dé phan tich nhu trong Hinh 5.1:

244424444

Hinh 5.1. Mién CFD- Cira hiit gié.

Két qua CFD so bd duogc so sanh vai dir li¢u ton that ap suét da biét thu duoc tir
s6 tayl ddi voi ctra chdp dang thang. phuong Sau phap do, twong tu duoc ap dung dé
phan tich ton thit ap suit théng qua cdu hinh cira gié dan dao. Phéan tich CFD dugc thuc

hién cho cau hinh ctra gi6 dan dao vdi cac van toc khac nhau va sau do thu duoc dir liéu
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t6n that ap suat. Hinh 5.2 sau day cho thiy biéu do vecto van tdc thu duoc tir phan tich
CFD. Theo cach tuong tu, dir li¢u ton that ap suit cho cac van tdc khac nhau dugc thé

hién trong

Van téc (m/s)

Hinh 5.3. Ton that dap sudt so voi van toc gio di vao.
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T dit liéu nay, c6 thé két luan rang do giam ap suat ty 1é thuan voi binh phuong
van toc. Phuong trinh giam 4p suit nay cho cac ctra hut gié da dugc sir dung dé ude tinh
téng tré ctia hé thong. Trong mot sd truong hop, dé bao vé khoang khoi cac mdi de doa
tir bén ngoai, can phai thay doi goc cua ctra chdp. Ddi véi kich ban ndy, nghién ctru su
hon d3 duoc thuc hién dé kiém tra do nhay cua goc ciia ctra chép khi giam ap suét.

Mot dng dan chuyén dung da dugc cung cap dé khong khi di tir bo tan nhiét dén
quat. Hinh dang cta dng dan duoc xac dinh dya trén thé tich c6 sdn dé chura trong ngin
chtra bd cap ngudn va dé lai mot khoang tréng cho cac ¢t lidu khac trong ngan. M
hinh CAD co ban da duogc tao cho 6ng dan va duoc st dung cho muc dich phan tich.
Dbi véi phan tich CED, mién chét 16ng dugc tao cho hinh dang dng din so bd. Cac didu
kién bién da cho 1a 4p suit dau vao va quat dugc dinh nghia 13 du ra ap sudt véi luu
luong khdi luong xac dinh. B9 trao ddi nhiét duoc mé hinh hoa nhu vung xép. Nghién
ctru hoi tu ludi d3 duoce thuc hién dé hoan thién kich thudc va sang loc ludi.

Quan sat thdy rang su phan bd van tbc ddu vao trén bo tan nhiét khong dong déu
va c6 su thay doi khoang 10% doc theo chiéu dai. Cac 1an 13p lai tiép theo dd duogc thuc
hién dé tdi uu hoa hinh dang canh gi6 va dé chon sy giy ra ton thit dong chay 1a tdi
thiéu.

5.2. T6i wu kha niing hit gié ciia quat lam mat.
5.2.1. Xdy dung mé hinh quat 3D.
X4y dyng mo hinh quat 3D trén phan mém thiét ké CATIA V5R21.

Hinh 5.4. Thiét ké mé hinh quat 3D trén Catia
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5.2.2. Xay dung vung khong gian mo phong.

Vung khong gian mo phong 1a ving khong gian bao quanh vt thé, duoc gidi han trong
qué trinh mo6 phdng. Vi¢c lua chon cac kich thudc cua vung khong gian naydugc thuc
hién sao cho bai todn md phong sat voi diéu kién van hanh thuc t& nham dat duoc két
qua c6 d6 chinh xac va do tin cdy cao dong thoi khdi luong tinh toan (nhu cau vé dung
luong bo nhd, cau hinh may tinh, thoi gian tinh ton, ...) 13 t6i thiéu.

2.00 400.00 800.00 (mm) z‘L X

S — )

20000 400,00

Hinh 5.5. Vung khong gian mo phong quat

5.2.3. Xay dung mé hinh chia luoi trén Ansys Meshing.

Céc budc tién hanh chia ludi trén Ansys Meshing nhu sau:

- Trén giao dién ciia Ansys Workbench sau khi ta dura m6 hinh quat vao va tao cac
bién cho mé hinh tiép tuc vao méi truong Meshing bang cach Double Click vao
Mesh hodc nhin chudt phai vao Mesh va chon Edit thi dwa mé hinh vao méi
truong chia ludi.
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-

il 5= Fluid Flow (Fluent)

2 m Geometry v

3 |§@ Mesh v ‘|

C ) i Setup - Edit...

3 % Solution B3 Duplicate

& 9 Results Transfer Data From Mew »
Mophongquathutl Transfer Data To New >

#  Update

Update Upstream Components
Clear Generated Data

Refresh
Reset

Elf] Rename

Froperties

Quick Help
Add Mote

Hinh 5.6. Khoi chay Ansys Meshing

- Sau khi vao moi truong ta can Generate dé tdi mo hinh Ién nhu sau:

—
| Carns o e | Ay L e - 8 x
B o~ | e e e doeen S
D » g (Nrremed owrbme  Wrmege ‘ E - %t [H b srmmtion 1" Send Mimeen [ e
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Hinh 5.7. Man hinh bat dau ciia Ansys Meshing

- Ta chon mat va bién dé tao bién dau vao, dau ra cho mo hinh.
- Chon cach chia luéi ty dong va cai dat mat do cua ludi.
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Details of "Mesh" v 1 X
-!| Display

Display Sfyle [use Geometry S..|
- | Defaults

» Physics Preference 'CFD

Solver Preference |Fluent

'Element Order ‘ Linear

Element Size [20.0 mm

' Export Format ' Standard

Export Preview Surface Mesh [No
* ' Sizing '
+| Quality
# Inflation
+ | Advanced
# | Statistics

Hinh 5.8. Cai dat théng sé ciia hedi
- Cudi cung chon Generate Meshing dé cho may tinh ty chia va hoan thanh viéc
chia ludi.
- Kiém tra chat luong ludi.

Badng 5-1. Bdnh gid chat lwong hedi.

Chi tiéu danh gia Gia tri

Sb nut (Nodes) 138921

S6 phan ttr ludi (Cells) 719087
Hé s6 do 1éch so véi phﬁn tir tiéu chuan (Skewness) 0,891
Heé s chat lugng truc giao (Orthogonal Quality) 0,15

- Két qua chia ludi:
1) ’ — - 0 ®

Hinh 5.9. Chia lwdi tdt cd cdc bién dang
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5.2.4. Thiét lap théng sé va thue hién tinh todn trén Ansys Fluent.
Str dung phin mém Ansys Fluent dé thiét 14p cac thong s dau vao cua trudng hop mo
phong va tién hanh mo phong.
O muc Setup, chon General/Time chon “Steady” dé chon phwong phap mé phong
truong hop dong chay 6n dinh.

General |O|
Mesh
| Scale... || Check ||RepurtQuaIity|
| Display... || Units... |
Solver
Type Velocity Formulation
®! Pressure-Based @) Absolute
Density-Based Relative
Time
@ Steady

Transient
Hinh 5.10. Ché dg mé phong

Sau d6 tiép tuc & muc Setup thiét 1ap cac thong s6 cho md hinh trong hinh dudi:
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. Viscous Model

Model

Inviscid
Laminar
Spalart-Allmaras (1 eqn)

®) l-epsilon (2 eqn)
k-omega (2 eqn)
Transition k-kl-omega (3 eqn)
Transition SST (4 eqn)
Reynolds Stress (7 eqn)
Scale-Adaptive Simulation (SAS)
Detached Eddy Simulation (DES)
Large Eddy Simulation (LES)

k-epsilon Model
Standard
RMG
® Realizable

Near-Wall Treatment
Standard Wall Functions
#®) Scalable Wall Functions
Non-Equilibrium Wall Functions
Enhanced Wall Treatment
Menter-Lechner
User-Defined Wall Functions

Options

Curvature Correction
Production Limiter

X

Model Constants
C2-Epsilon
1.9

TKE Prandtl Number
1

TODR Prandtl Mumber
1.2

User-Defined Functions
Turbulent Viscosity

none -
Prandtl Numbers

TKE Prandtl Number

naone hd
TDR Prandtl Number

none -

m | Cancel | @|
Hinh 5.11. Thiét Igp théng sé cho mé hinh

Vao Materials dé chon Fluid dé chon truong vat li¢u “air”, nhu hinh sau:

- Create/Edit Materials

Name

air fluid
Chemical Formula

air

Properties

Dansity [(k/m ] constant
1.22%
Viacosity [(kg/(m s)] constant

1.78%4e-05

Material Type

Fluent Fluid Matersals

Order Materials by
> ® Name
Chemical Formuia

| fluent Database,

| GRAWTA MDS Database

User-Defined Database... |

v R

* kit

change/Create | [ Detete | (R e |
Hinh 5.12. Chon truong vat liéu
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Tiép tuc vao Cell Zone Conditions dé thiét lap géc toa do cho quat. Trén thuc té quat
quay theo téc do dong co nhung dé cho bai toan d& mé phong ta chon toc d6 quay cua
quat khoang 1500 vong/phut. Két qua thiét 1ap nhu hinh sau:

i Fluid

X
Zone Name
rotating_domain

Material Name | air

~ | |edit...|
| Frame Motion 3D Fan Zone Source Terms
Mesh Motion Laminar Zone Fixed Values
Porous Zone
Reference Frame Mesh Motion Porous Zone 3D Fan Zone Embedded LES Reaction Source Terms Fixed Values Multiphase
Relative Specification UDF
Relative To Cell Zone ahsolute ~ | Zone Motion Function| none v
Rotation-Axis Origin Rotation-Axis Direction
X[m] o,00013952 - Xl g ¥
YIml g.022082 = Yo =
Z[m] s0.711 - 4 -
Rotational Velocity Translational Velocity
Speed [rev/min] 15pp - X[m/s] g -
) — ¥ [mfs] g bt
Copy To Mesh Motion
Z[mfs] g

EE (cose) (v
Hinh 5.13. Thiét ldp géc toa do va truc quay
Thiét 1ap diéu kién bién cho bai toan:
Diéu kién bién vao (Inlet-pressure):
+ Ap suét vao p =0 [Pa].
+ Vi khong biét 18 vé cac mirc d(:) hdn loan trong md phong ctia minh, nén co thé
SI:I dung cac gia tri sau cua cuong do roi (turbulent intensities) 1% -5% va ty 1€ do nhdt
101 (turbulent viscostity ratio) 1 - 10.
Diéu kién bién ra (Outlet-pressure):
+Ap suat ra p = 0 [Pa].
+Ty 18 46 nhét rdi 1 dén 10.
Nhiét ¢6 T [K] va cac diéu kién khac chon theo thuc té phwong trinh mé phong.

Diéu kién bién thanh (wall), diéu kién bién d6i xing (symmetry) duge thiét lap mic dinh
san co. Didu kién bién vao (Inlet-velocity) va diéu kién bién ra (Qutlet-pressure).
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Solution Initialization @|

Initialization Methods
®) Hybrid Initialization
Standard Initialization

[More Settings...] [Initialize]

Patch...

Reset DFM Sources Reset LWF  Reset Statistics
Hinh 5.14. Khoi tao gia tri ban dau

Sau khi khéi tao gia tri ban dau ta thiét lap sb vong 1ip khoang 500 lan (Iterations) kiém
tra sy hoi tu ctia bai toan. Két qua trén biéu d6 cho ra hﬁng s6 biéu thi su hi tu cua bai
toan, néu bai toan chua hoi tu thi ting s6 1an lip dén 1000 khi bai toan hoi tu va két thuc

budc thiét 1ap thong sb.

Run Calculation [(.-)J
[ Check Case... ] [ Update Dynamic Mesh... ]
Parametars
Number of iterations Reporting Interval
500 = [1 =

Profile Update Interval
o -

Solution Processing
Statistics
Data Sampling for Steady Statistics

Data File Quantities

Sohition Advancemeant

[ Calculate ]

Hinh 5.15. Chon sé vong Idp va tinh.
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5.2.5. Xir ly két qud va mé phéng.

—— Corusty
— x-velochy 1e+03
| yvelocky
'—:""“V 10402
: Terdl
1e+00
fedt
1e-02
1e3
1e-04
10'05 . T L T T T 1
0 200 400 (=<1} 800 1000 1200
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Hinh 5.16. Bai toan hoi tu

01 052

Hinh 5.17. Két qua mé phong
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Tao mot Streamline dé thé hién cac dudng dong trong khong gian mo phong.
Views v

Ansys

202m

Hinh 5.18. Puong dong trén mé phong dong luwu chat ciia Ansys Fluent
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Hinh 5.19. Mé phong vén téc dong luu chat

Hiéu qua ctia bo tan nhiét 6 to phan 16n phu thudc vao kha ning cta quat dé tao

ludng gi6 cang nhiéu cang tot. Dé dua ra mot thiét ké quat hiéu qua, muc tiéu chinh 1a
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duy tri chénh léch 4p sudt mong mudn giita ddu vao va dau ra cua quat. Quat tan nhiét
¢ 8 canh 1an dau tién duoc phén tich théng qua mé phong CFD va do chénh 1éch ap
suit gitra dau vao va dau ra cua quat. Mot diéu tra thu nghi¢m da dugc thyc hién cho
cung mot cAu hinh, dé xac thuc két qua CFD.Dé cai thién thiét ké hon nita, 4 canh quat
bd sung dd dugce dé xuit va phan tich dong chay cho canh quat twong ty da duge thuc
hién. Chénh léch ap suat mong mudn dat dugc thong qua thiét ké da sira d6i. Két qua

cudi cung thu duoc rat dong bo véi dit liéu thir nghiém, xéac thyc thiét 1ap CFD.
Thiét ké quat duogc stra doi chirng to hi¢u qua dang ké ctia bo tan nhiét.
5.3. Két luan.

Dé t6i vu kha niang hat gi6 cia khoang 1am mat cta hé thong 1am mat ciing nhu
t61 wu kha nang don gi6 ciia cac canh gid & vo cua than xe Bus. Viéc ting t6i da khoang
chtra gid trude két nudce ciing ting luong khong khi di qua két nudc tir d6 s& t6i wu kha

nang ldy di nhiét do ciia hé thong lam mat.

Viéc ti wu kha nang hat gio cua quat 1am mat ciing ting kha ning trao d6i nhiét

giita moi trudng va hé thong.
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CHUONG 6. KIEM TRA BAO DUONG SUA CHUA CAC CUM CHI
TIET TRONG HE THONG LAM MAT.

6.1. Cac hu héng thudng giip va cach khic phuc.

Trong qua trinh sir dung va van hanh céc chi tiét, bd phan cua hé thong 1am mat
s& bi hu hong, vi khi hoat dong céc chi tiét may sé& chiu nhiéu tic dong cta nhiéu yéu tb

nhu: ma sat gitra cdc bé mat chi ti€t, ng suat nhiét, cac luc, tdc dong hoa hoc...

Vi vay can phai theo gioi dé phat hién hu hong va stra chita kip thoi trong qua

trinh stir dung van hanh 13 rat quan trong va can thiét.

Ngoai viéc dua xe vao stra chita khi co sy ¢d, con can phan dinh thoi ky bao
dudng, sira chita theo cac cap. Sau dy 1a nhitng hu hong thuong gip va cach khic phuc
hu hong ting bd phén:

6.1.1. Bom nudc.
6.1.1.1. Cdc dang hw héong thwong gip: Bom nwéc ciia hé thong lam mdt dong
co ldp trén xe Bus la thudc logi bom ly tém.

Trong qua trinh hoat dong cac chi tiét may ctia bom chiu nhiéu tac dong Iy hoa

gay hu hong, thuong gip cac hu hong sau day:

— Céc 6 bi bi mon, ro, rd bé mat 1am viéc. Do dd trong qua trinh lam viéc truc bom
quay s€ phat sinh mat sat gitra cac bé mat chi tiét nhu: bi, cac ra bi, truc va bac
16t.

— Cac vong dém l1am kin c6 tac dung ngin ngira dau (md) vao nudc lam mét gy
bién chét nudc 1am mat.

— Cong, léch cac canh budm, thay doi goc dat canh. Viéc 1am nay anh hudng rat
nhiéu dén luu lugng va ap suit nudc 1am mat khi cung cap cho vong tuan hoan.

— Ngoai ra trong qué trinh 1am viéc cin ban sinh ra do mai mon chi tiét va cac phan
ung hoa hoc gitra cac hoa chit dudi tac dung cua nhiét d§ cao s€ bam lén cac bé
mit chi tiét nhu: vach trong ctia bom, khoang nudc, canh bom, éng nuée. Piéu

nay anh hudng dén hiéu suét lam viéc va tudi tho cia bom.
6.1.1.2. Cdc bi¢n phdp khéc phuc, siva chiva:

—  Giai thé toan bo hé thong din dong va cac chi tiét ciia bom.
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— Lam sach cin ban bam trén khoang chira nudc, cac vach trong ctia khoang bom,
cac dng nude va canh bom.

— Thay mdi céc 6 bi cac vong dém, phét 1am kin khi hu hong.

— Cho phép stra chira cac canh bom ly tdm nhung phai dam bao sy ciing viing.

— Truc va canh bom sau khi stra chita phai can bang dong, sai s6 khong vuot qua

Sgr.cm.

6.1.2. Két nwoc lam mat.

6.1.2.1. Nhitng hw hong thwong gap:

Két 1am mat nude 1a bd phan quan trong trong hé thong 1am mat, vi vy phai phat
hién sém nhiing hu hong dé khac phuc va sta chita. Thuong gip nhitng hu hong sau
day:

— Mop méo 6ng dan nude trong két, s& lam thay ddi luu luong nude chay qua két,
anh huong dén ca vong tuan hoan.

— RO rinude: 1am giam ap suét va luu luong nude 1am mét.

— Cong vénh cic canh tan nhiét: lam giam hiéu suat 1am mat ciia két do 1am thay
d6i toc do luu dong ciia khong khi qua két.

— Trong qua trinh hoat dong cdn ban va tap chét s& bam vao thanh vach céac bd phan
ctia két nude nhu: dng nude tan nhiét, dng gop. Diéu nay sé lam giam tdc do luu

dong cta nude, 1am giam hiéu suit 1am viéce cua két.
6.1.2.2. Cdc bign phdp khéc phuc, siva chiva:

— Pem két ngam trong dung dich tay rita, lam sach cac vach ngin ctia hop két nude.
Thay cac thanh vach c¢6 chiéu day nho hon 1,5mm béng t6n méi c6 chiéu day lon
hon hoic bang 3mm.

— Kiém tra cdc bé mit lap ghép, thay thé cac tim nho c6 bé mat b ri muc.

— Thay mdi toan b gioang 1am kin khi hong.

— Thao ha toan bo két lam mat, ngam trong dung dich tay rira. Tién hanh ép thtr véi
ap suat 2kg/cm?2 dé thir do kin (giit trong 10 phit khong thay xi ho 1a tot).

— Nién thang c4c canh tan nhiét.

— Thay mdi cac gioang lam kin, kiém tra va sira chita phuc hoi trang théi tiép xuc
clia cac cd gop.

— Thir nghiém thoi gian nudc chay qua két lam mat, néu luu luong giam 15% so

v6i thiét ké phai stra chita hodc thay thé két méi.
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Puoc phép thay cuc bo cac dng nude hu hong hodc tic ngén néu s6 6ng nay nho
hon 10% tong sé 6ng trong ca két. Han ndi dng xong phai thir ap luc va luu luong.
Phai thay két mé&i néu: sb ng bi mop méo 16n hon 20%; sé duong éng nude bi
tac phai loai bo 16n hon bang 10%; sé canh tan nhiét bj hong 16n hon 20%.

Giai thé toan bd cac b tan nhiét, 1am mat dau béi tron.

Ngam trong dung dich, 1am sach cac duong 6ng. Thay méi cac gioang lam kin.
Sau khi stra chira xong phai thir d0 kin cua cac bd phan.

6.1.3. Quat lam mat két nudc.

Quat dung dé tang toc do luu dong ctia khong khi di qua két lam mat, khién cho

hiéu qua lam mat cao hon.

6.1.3.1. Nhitng hw hong thwong gap:

Nut truc quat, mon ranh then trén quat.
Hu cac giodng, phét lam kin, cac can dém.
Mon, ro, bé céc 6 bi, bac 16t.

Nt ,bé canh quat.
6.1.3.2. Cdc bign phdp khéc phuc va siva chiva:

Giai thé toan bd céc chi tiét cua quat lam mat, lam sach, kiém tra trang thai cac
chi tiét.

Thay thé toan bd gioang , phdt lam kin , cin, dém, cac 6 bi , bac 16t.

Truc quat néu c6 vét nit bat ky hoac bé rong ranh then nho hon 15% kich thudc
nguyén hinh thi phai thay thé.

Puoc phép han dip phuc hoi chiéu rong ranh then khi nho hon 15% kich

thude nguyén hinh, phuc hoi lai nhitg ché bi mai mon. Sau khi sira chita xong phai thir

vét niit bang siéu am. Puoc phép han canh quat dé dam bao do cung viing. (han lai cac

vét niit doc cang quat hodc nirt ngang canh & phia ria hai bén canh quat it nhat 65 mm

tinh tir tAm quat ra phia dudi canh quat mdi bén , theo cong nghé han quy dinh.

Sau khi stra chira canh quat phai thtr can béng tinh. Do sai 1éch khong dugc vuot
qua 100 gr.cm.

6.1.4. Thung tiéu hao va cdc dwong éng nwéc lam mdt.

Thung tiéu hao dugc b tri bén trai phia sau ca bin, 1am mat ca vong tuan hoan.
6.1.4.1. Nhitng hw hong thuwong gap:

Cén ban trén thanh vach cua thung, ong nudc.
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— Rimuc véach thung , 6ng nude.

— Hong céac giodng 1am kin, cac colie, cac bu 1ong bit giit dng nude.
6.1.4.2. Cdc bign phdp khéc phuc va siva chiva:

Thao ha thung tiéu hao va cac duong dng nudc, ngdm trong dung dich tay rira dé
1am sach cin ban bam trén vach & phia trong. Cho phép stra chita, thay cac vach bj ri
muc. Chiéu day con lai cta thung chtra nudc nio mong hon 3,5mm va chiéu day cua
dng dan nudc nao moéng hon 3mm thi phai thay méi . Sau khi stra chita xong déu thir ép
nude dé kiém tra nude & nhiét d6 700c v6i ap sudt 4kg/cm2, dé trong 10 phut khong that

xi hoi 14 tét. Sau khi ép thtr xong phai tién hanh son hop céach.

Thay moi cac doan 6ng nude bang cao su, cac gioang lam kin, cac colie, bu 1ong

bat giit néu hu hong.
6.2. Bao dudng hé thong 1am mat.

Hé théng lam mat 1am viéc tu dong, khong can thao tac bang tay. Nhung ta phai

theo gioi can than va ddm bao cho nudc lam mat ludn ludn & trang thai tot.

Tudi tho cua dong co phu thudc vao trang thai ciia hé théng lam mat t6t hay XAu.

Vi thé can kiém tra thuong xuyén thiét bi 1am viéc dic biét cac két lam mat nuée.

Viéc dau tién 1a phai dam bao dugc nudc trong qua trinh van hanh vé: luu lugng, thanh

phan.

Vi¢c theo gidi c6 thé can cr vao mirc nudce trong thung ti€éu hao va céc tin hi¢u
canh bao & budng diéu khién. Tat ca truc cac dang, mat bich cua khdp nodi, ong mém,
cac van va gioang lam kin, cac mdt con, phdt lam kin cia bom nude. Bac biét 1a cac moi

ghép ctia két can phai thuong xuyén kiém tra cac hu hong xay ra.

Quat 1am mat nudc c6 anh huong dén chat lugng 1am mat ctia hé théng. Boi vay
can cham soc quat tot. Khi phat hién théy nhiét do nudc 1am mat va nhiét do cua diu
nhon qué cao, phai tim nguyén nhan va khic phuc ngay cac hu hong xay ra. Néu hu
hong ning phai ngung sir dung dé khic phuc stra chita nham dam bao tinh an toan cho
dong co. Cha y giit cac bé mit ciia ngin két & trang thai sach s&. B& mat phia bén ngoai
ctia canh tan nhiét c¢6 thé lam sach bang cach thdi gié nén hodc nude c6 pha dung moi
hoa tan. Viéc 1am sach bé mit bén trong ctia hé thdng 1am mat duoc tién hanh bang hoa
chat.
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6.3. Cac phwong phap cip xi nuwéc lam mat.
6.3.1. Cip nwdc lam mat.
Khi myc nuée ting hay giam trong hé thong lam mat, hoic khi van hanh c6 thé
xem & dong hd nude bao trén xe, hay xem tryc tiép bang mat thuong theo kinh nghiém.
— Céip bang bom tay:
Dung bom tay va éng mém , dua truc tiép nude vao thung tiéu hao, khi cap mo
nap, bom xong, déng lai.
— Cép bang tay:
C6 thé dung thung mic nude, d6 tryc tiép vao thing tiéu hao, qua nip phia trén
ctia thung, khong can thao tac gi thém. Khi da day thi day nap lai.

6.3.2. Xd nwéc ra khéi hé thong.
Trong trudng hop mudn stra chita dong co hay cac b phan khac trong hé théng
1am mat can xa nudc ra khoi hé théng. Tuy theo muc do sura chira va vi tri stra chira co

thé x4 toan bd hodc ting phan.
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KET LUAN VA HUONG PHAT TRIEN PE TAI

- Dé tai thudc linh vuc khi dong hoc trén 6 t6, st dung phwong phap sb dé
mo phong cac phuong phap diéu khién dong chay cha dong dé tdi wu kha ning

lam mat cta h¢ thong lam mat trén xe Bus no6i chung va xe Bus Thaco noi riéng.

- Dé tai c6 tinh m&i : sir dung cac phan mém Ansys Fluent dé thiét ké, ti wu
kha ning hat gi6 cua quat va chira gié ciia khoang lay gio.
- Két qua nghién ctu :

Thiét ké mot hé thong lam mat t6i wu cho xe Bus Thaco. Tir d6 cho thay
huéng sir dung cac phan mém mo phong dé thiét ké t6i wu kha ning lam mat va
thiét ké cac hé thong khéc ciing c6 thé thuc hién hoan toan bang cac tinh toan may
tinh.

- Huéng phat trién :

D¢ tai nay con rat méi nén chua dugce dua vao img dung nhiéu trong viéc
thiét ké ché tao cac sdn pham co khi, nén day cling 1a mdt y tuéng mdi nham thac
day kha niing tao ra san pham co khi chinh x4c t6i wu va dé dang hon.

Do kién thure va kha nang dap trng ctia céc thiét bi phuc vu nghiém ctru con
han ché nén rat mong cac thay cho y kién dé em hoan thi¢n hon. Em chan thanh

cam on!
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