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ABSTRACT

Vehicle thermal management was proposed because of energy crisis, increasingly
stringent emissions regulations and requirements to improve the automotive comfort.
The work relies on the Natiomal Science and Technology Support Program,
“Development of Commercial Vehicle Parallel Hybrid System” and school-enterprise
cooperation projects “Cakulation and Thermal Management Analysis of Commercial
Vehicles and Hybrid Electric Bus Powertrain”.

In this paper, the performance of thermal management system is studied by
1D-3D coupling cakulation in an ambient temperature of 38 °C, when the vehicle
works at the maximum power or maximum torque conditions in low range (block II)
and full throttle for a long time.

The one-dimensional calculation is used to determine the geometry and
arrangement mode of the main cooling components and provide the relevant boundary
conditions for the 3D cakulation. The 3D calculation could get the engine
compartment temperature distribution and the flow field of the vehicle; ensure the
flow and the heat transfer process of the thermal management system is reasonable;
ensure the temperature of the ECU and other key components meet the design
requirements. Three-dimensional cakulations could provide the boundary conditions
which i difficult to obtain for one-dimensional cakulation. Due to the irrational
structure of the original vehick's engine compartment, there is hot air reflow resulting
in high-temperature region at the entrance of the radiator. The improved structures
reduce the temperature and make it meet the requirements. Vehicle speed has little
effect on the wind into the back-end cooling module when the fan i working.

The method of improving the shorting of separate one-dimensional calculations
or 3D cakulations is studied in this paper. The influence of import structure and fan
can be simulated by turning the 3D calculation result of pressure and velocity
distribution into the resistance matrix. The influence of import and export’s
temperature difference on heat transfer can be simulated by defining variable volume

m
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heat source of porous media through UDF. The coupling calculation can improve the
accuracy of the vehicle thermal management simulation; make the simulation results
closer to the actual situation, which will provide a reference and guidance for the

design of the thermal management system.

Key Words: Engine cabin; Thermal management; CFD; Temperature field; Coupling
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£ (3.1) HEABHHEHRERHE:
Km, my|
24%p
Rep pHWARES, KHEOEHNRRRY, m ARBAE, 4HTAORRE
B, p AMEEE. '

P-B = 3.1)
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WIFRIEE B 24T 2 3

B 3-1 EMELaE
EABMKRBMFEIE WM RBAHNA: 1) EERAEY: 2) AL
REREUEENRRERRBLAEE: 3) FIASRICGEUAE DR KEEE
BRUHER: 4) BXRBBUEEOH KB FERLM R WEREEN
AREFESEN T K.
AXRATTED) . PETEHRM, AIF S K Lk 08 3-2 B,

304

— AMEAFE |
25+

20-

154

B 140K (kea)

104

% 120 150 180 210 240 270 AT e R Ry
HH R/ Lain KRR s
(a) 7K &k (b) ZA Mk
M 3-2 ARSI AL LR
RIZAER FHE, RO EGEHMDR, Ak i R B LA TR 1 T e
— A P i P, P
(mcp)ﬂ(r,,,—Tm)q-m[zl—;zz.]:(mcp)c(j;,—rc,,)m(;z--;i] (3.2)
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WRKFEBITEART

e

iq’}’,-ﬂjfﬂ')ﬁ 1\ 2\ 3\ 4&':E(JEij pl'p4%3ﬁ)§ l\ 2\ 3\ 4%%%&1 Cp

%Jtt#l‘ﬁr Tﬂjiﬂ.&e —Fﬁ‘H\ Cﬁ%‘]ﬁ'ﬁ?ﬁ%ﬁ%ﬁ%: i O*E‘i&\ H:'lue
BEESIEHRE, TERERLARERN/LTET, FRAFRUSINAE

B, BB RO G TR PR MRS, DRI ERNERRY
kT AR

k=1_-——-— | 33)

Kb b HEFASSRERARTERRE, 4. 4 HERIMERER, 64

EERMEE, AHERNSARY.

ERIAREERRE A B Nu¥iHisE, B

p=22t G4
d
R AHERSMRAHIARY, dAHNEENIRER.
EHMU Nu SR E, ARIE ReFIR DA FIRUT ARHE:

1) Re <2300+ KA Sieder-Tate AR #HH., BP

Re.Pr 3 n 014 :
Nu,=186| ——L| | L (35
U ( I/d ) (ﬂ) 33

ERMERENRATEERE, By, KERHED, ERAHEKE,
TR IR,

2) Re>2300pt % Gnielinski AR5, Bf

_(//8)(Re-1000)Pr, [ (dY” (3.6
Nty = 1+12.7]f/8(Pr*-1) [l+( [ ) c’

R £ HERMAAZ)H Darcy HARE, HHFFHA (Filonenko) LA

f=(1.821gRe-1.64) €X))
X

1S



AR AT LA 3

— _ __  ____  ___________________________ _ ______________ ___ _____ ________________}

c=(32]‘,ﬂl=05~20 (3.8)
"\ Pr, Pr,
POk
c =(-51] I 05~15 (39)
\1.) T,
ik T B SR AR T A AR
g=(me,) (1-e*)AT, (3.10)
KF
(me,),| [0
A=s—=t] e T -] (3.11)
(mcp)f

MF AR R, RETTURARERAR, FEARRGNEE, &
EHRAFRGHBAHE, FERAKE. ERETH (NTU) SHRENH#ER
4 Nu$5 Re SUE S H R . HHERAHE Nulls Re B K 7%, %07
ERTE NS EEERA L, RAERAZ/LASENRHSHOERE. B 3-3
FIUE TS R X 538 Nu-Re J5 R T .

(a) ABHE (b) Re-Nu BT
B 3.3 BABHRAEERSHE

312 %K
BEBHFRAAHAYBRAELRAKR, BEAEERSY/N, HARK, &4
e, THETE, RABEARGRIKEAHRD BRIERMNRES.
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| ERKEHLEARX

ey T S
BT R EORERRE ARN R R, REZANNMELMHRET
THBENEZF. BORERERENERESENIBRREREALNIREH.
3-4 HAREIEANHE, THEANKERABESREANMZHZTR, ER

ARNERBRIEAR LAERER R,
A

—

Eothg 3k

Ex

| THA
FEET

Y

sk
B 3-4 KELERNE
RAOEREYE—ERETURE, KR ﬁ?ﬁﬁa’ﬁﬂﬁﬁﬂéﬁﬁT H%
ERARARTHENTERS. R 'ﬁﬂkﬂﬂﬁ*ﬁﬂ%ﬁ%ﬁt#iﬂlﬁﬁ#i%ﬁﬁ 5
BB ERM, MEFREESRIULARTHERRR—EMXN, BHRiEHER
HIgk, MRHMEREN EERUDT 20%0, TAHKERZE), Rl
B. Ek. ®iphR5HETLOALFERITE, ARAWT:

wEAALL:
Ql Nl
= =— (3.12)
g N,
AL
H_N
3 sz (3.13)
ThE ML
BE_M "
2 N: (3.14)

A

Y



WRKFER 2RI
B

1'-=£*z (3.15)
7, N,
WRFESESRANMNEE—Er, BRXHARNGIE, KA. 5. X
EnRERHETEAR.
HEHU.
3
%=(£’L) (3.16)
Q2 D2
R
H (DY
ThEMPL:
B_(DY)
(1)

ERAKRMEARTHLEEN,, B

n-Q"
- (3.19)

[

Rebin. 0. HASNEGHANSE. HE. 8, NHEROTR.

Flowmaster 324 T = &45MEA) Suter #14%, A HIAELE, Ns=25; BAR,
Ns=147; $IRFE, Ns=261. REH B EIEFIBIEN Suter MR, ARFEA
KR IE I Resk it 3000 B095 B HAnAE Suter BZZ PRI IR, BIARIERKEREN
4Bl Suter Bi%k, 7KK Suter ML 3-5 FiR.

LR R BAEEASH, QAXRALKNAE, WH. WT ZHIRR
Suter EREHA T, Y4 Q*ART 028, RRBEHMKRIRKEHHRR.

FEHTRSEUNTERNKRENEDRE. SEHEHRE, XTHIEF
Bt BTFRMEER, BERIE-SETE—RNE, XRMEHRBRETE
OGRS
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Data Poirts
s _Polynomial Fit

T T T 7177 TTrrrevrrty

x

| |

\

Data Points
+ e Polmomial Fit

1.0+

WM or M*<>
! &
(4]

]
-
i3]

i

il

o

!ll:lLl

3.3

1
|
4

Theta or Q*<>

(a) HEHE

)
1
6

R EREEE L

-
(=]
i

IEER BER AL

X

o

B 3-5 KFRH) Suter L

HEREN IS DO OO B |
| |

4

Theta or Q" <>

(b) ¥HEHL&

3-6 HAHEARBESMOBR, HFENZ NS RKELFTRE TR

W FARR. AR, KERE. KB, RELEE, EFEERIEH, R
BRBSMEHMHHKRE, RBIEANBEERIAERNEERU. REABH
BE 2 U & S SRR D A A, Heh B E R RE AR KR,

B EVIH BB RZEST 0.7 FRKERBENBIK. REXKHRKHE]
HES =g ERE, REFFE—EIHE, 82— ZBRRERITHEIE
$. AXFH—ER=EITHLERYRIERBIEHIER

WMESES| | HAN ¥
v v v
#0 %
— g PR L BERE [ BHE b AR ) BRI > ER

M 3-6 AEEBFSMWREE

HA

ERBEMPRTERARBER. $E. OiEREELSHIIEERA
REEERRBEERERMH MR, BEFHKXME 3-7 .
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AR ARSI EAr @

0.025,
30 [=:- REhEHE]

0.020+
25
0.0154
o 2
¥ 2 0.010+
el 4
2 0.005-

10 0.0004

% 2 4 & & 10 12 1 5 2z 4 & B 10 12 14
EBRHE R R/’ s
(a) ThEEMHBETLE (b) R4 Kb BRI LR
A 3-7 AR HEEE e
uAaﬂm_
B 3-8 W EEFIANMESVAEREE, BB LR, Baih—4
B, REAXSKE. fH. FEA. REFNNE, BREE ERIAZ

B g f .
fptetutetnl
t?iz“"‘i-lz ?‘z""ﬂ ?’-"-“"i—[: ?i::"."“ﬂ: ?‘:"“l{! n_ﬂ."“‘u:
de | ls ler les e |
' fa—-L it 50 .’—-‘ISI —~'3I b
B 3-8 RAHRE

LA 3-9 AFINM AR HEGE. EHRET, MR ErHE
H=0Z—2FA#H, =02 —%ZHhERIRY, =242 —2AHKEK.
WnE 3-9 Bim, IR q RRHRRE TSP B AR PR EF R PR
BRI AESREANFHIRISMIAE, DRFILBIHTERRORR 5%
LRHKENARR, HTHFFERLREETHER. TH 3. 4 HEHE, 8
ol 3 RREBLERHKNAE, R 8 THBEFARERAWKNIER: &
Pl 4 R EIBE VAR AE, X B4 A B GEE X F AR 4 5 MEHRAR
14 6 iR T B8 £— S EAI RSN R AR R B R NES R E
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WKW LA
e ————————

B e tit, =% HETURRNREXANEE 238KAE
R EN AT R AE B R A

B 2 RRERVVUERER, R FEERE. B4 11, 12 h=8%. &
AR AT BRI AR T R A AL A S A B R B AL L

5 1

o TF=

8 7 "
R e e |
1 vy T
B 3-9 REPLAEIRE

3.5 FHil ik
iR 88 0 LR EIA HRAKFEHRFMER VB M T4, ERGP RS

FEMAMTSH:

1) i, TURREERSEASMREELMERFHEEXAE, ARE
ETAHABRAKFMAAE. LA LR T E-BE ML ESHE
i, #FEHBEEEEFE, THE3-10 MEEEEN 10K. 47L&
ARRER, FaalEX.

1.0 ,— ————a 1.04 ’
0.8 : ’___‘_ﬁ 0.84 f iT
061 i 0.6 {
. 5 i
204 h £ 044 {
0.2 l 02/ .
7Y P— 1) PU—
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
w®E/C e/ T
(a) REARRFEHE (b) B RE{RNIFTE L

B 3-10 RSt

21



WARKET L0 3

2) BHEAIEH. EHEEELELEEN ROAARREINEENES. SR
RO RA NN RS2 WA RGERRE, LSO HM R SRR
me, SHERIRRTH R ha Z Ho 3ooh h R EIBARY, 4 A HBATER.

3.1.6 EHME=SEMH
Flowmaster $#24t T % [THZ W& /4924 2h B, Bl 3-D Visualizer &

Segmentor (AVS), AVS HithRAIREMZAMMAHBRSER, BAEKRG, W

RABIERSA R RBHTAEENERT, A—EHHELELR, TE

f&Bh AVS SR Z IR =4, FRE LRI XS M RIRL.

mE 3-11 fim, ERNZSMUANBRMAET X, HEFAREN 4

BRVEARM BN AR R hA RN AARER SRS M EHASE

HEERBHFAHE, FABRBNABAE—HLS 5T PR EHEA. X

100 Fl— 4 9 247 5 T R VAL T 3-D Visualizer & Segmentor )% B2

WAL TR LA TR AL R, XS iT EE o #, XE—R5

A ARE. BEZAHTTENTERCHAS HREN . HEDE. A

B Ay AT A& X A0 F HOVA AR SR

(a) Fl5at (b) B
B 3-11 =gEHARER
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WRKFFRLFARIL
B ]

3.2 SHSENER

3.2.1 M4

HTHAE (AEE. PAE. BAB SEEXROAAFENERNE
Pkt EEcHRASmBE ERER L, R SO M, FUR
WEBERER, REHERSLEEETH, MAREREIERRTHREES
SR RARRE, T SAHERE, ARBB RS EW R
TR, AR RS RSB ES AR, ML HZA L~
5, R RERRBR AT —MENFK: NBEGNAEEATRBE A
ROAFUAYE, MRS, XT3 R A S50 FE MR H b e B4R T
BRI, MRRE RN KB,

AR TS 5 A A AR

1) EXER _

BRATF TR AL, W EABAE 5 R B T B
. | _ "

OicAE &I BATH, THARTERTS, WSS ERERL,
ST B L ADEIA A TR PR

@ mHEEE A T3 R E AR

OBABEHMANSAAR, BUBABARE ST ANAEN, B
ESTN R TAE R

2) BB

B wméwz%ﬁﬁcﬁnﬂ.&ﬁ%ﬁgﬁzﬂﬁmﬁzﬁwﬁz

BUEEHERC,. o) C, TR ERHIEHRR, BTCELHARES
HIAE R T R RE .

B X BN RE AR BRREREREUS AN RO HERILRE.
BEHE Q Th—EHHRE, BEAERRUSANRBREHRERRE g.

3) FRBREAMRER S ™| C R q HITE
HERRBPARAERSHNTR:
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R KR 24 183
B e

% 3-1 A BANERSH-HVRENRK

AR B R m’ s FE 373 % fbar
1.1024 0.00043
2.2048 " 0.00117
3.3072 ©0.00225
4.4096 0.00376
5.512 0.0061

M ERAT LR FRAFEREL 4 8 F M ERRRZ MBI XK. FIRRAD
ZREHRRYBENEZE, AIEBRRREERNRIKER:

Ap =5.4626V* +5.4268v - (3.20)
BHEANRERERTSE:

S, =—(ﬂv,+lpc2v2) (321
a 2

K, CGABANMRNBRRRY: o ARERY: o« WERFERY o
RREERE: v AR,

LEFRANMHTRRENN, FRFEREERTERES AN TR T NI
ek s, RGHERLE3-2. |

H—EHH EAATAR. RIHUKE. BHIUKEKNBEARRER, UBE

DRIANB, HHEBERERBENTRAR.
%32 AN RKYSH

B SRR BN RN ik R
B R ' 3
a /m-z C, /m" q/W'm
thid 2 5.71937x10° 230.2 8.63281x10°
REH B 1.28964x 10 157.779 2.86132x10°

Bl a8 1.28964 %107 157.779 1.97071x10°
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WRKEH L FA R
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3228

T RBHRE R RASZSE LR (MRF) K.

KERBH ARG SHARNS A AFEENEW, W EEERERERS)
VUSRS REtERE. B AT, X T RBESRER ST RGN FRETEER
FEENWTESE: 2S5RRRMNEB ML, Hi, SSHLRREEN—
FhEE EE KA, UEEER N AETRYH T ZNA, BEATRF
UL prigmk QI-L; E17

ESEMIFRTNE A BRREEERINRHRE DM RER (L EH
BT, BEEEAEHEEERE. KRB X ST ERRIFHILE,
T 400 R e 5 X 458 LA A B B0 4 MU ZE AR A AR AR R AT v B ZERRS T XU 2T S
FA A BB ALFR R FOMBISY, RIE T XA EAELENE, B THEETE

Sewto e & i A B /Y.
323 &3

JUTE RN MR TR AERERA K4 /NEBE, 7€ STAR CCM+H
ifl, 7€ Hypermesh Pt —H B . FKAMEARTH 15mm, BFMERTH
4mm, WA EREERFRERFDIGHBHEAS. KV NHE 3-12.

A 3-12 RahHlLPFEEE

3248 ER
SRR, WEEEH KRR, R4MES, HREEEART, K
EE/NIRIS RS (30mm). XFREAFE, RABRART (50-100mm) &
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WRKER LA 83
Sl e

M, RUGRSEPEADMRE. BTERERERD, HRER/N, EEET

KA 10-15mm MRS : *t Tl XML RS E5E84, EBRzwE

N RTERERME, KA 10-15mm K/ RE KT RIS .
FRGHMBEE, FENKER TN 20mm, EHH/EB5FH 10mm R,

(a) 545045 (b) EH

B 3-13 FEHREHR
325 RBE MM S

ATHEHHEREECERITENILLHSE, EXTEBRNARTETHE
Wi, B EEREELAEERTG. dTRRNS BAEEHONEHRE
Wi, HHBEFERE T LREEITERNRER T SaBEA, FERSEXE
R RBHIRE (RS A LBERT). LHAREEERGREAD, &
W2 BEK, £ 4BEK KEFRL 7 H#EK: BEFE, £46% 3 B%EE,

CRERTEER: WMEAR, ETMAERSF, ANBES ER 50T
4, ZE#TH 40mm.

KA\ T ELEEAN T R ARSI, BT AR, M
FEUZURERBRE S,

KA LR T &£ K E R 170 75 724 7€ Hypermesh 45 5% JU i 44 R 4%,

RS EL 1000 /7.
32.6 AR &H

D) SMERIL 5 &A%

W TR E LME e S RIS, Kifi )7 17 FAT FARERRLE A,
BUEA A B A 4 A, RGBS PR BEIE B, ik DR B (2
IR 4%, WIMAKRE 0.003m. H O EHE S AR &4,
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WRKEB R
e e e

KWBBHEBREWR 3-3 iR, K34 B UFEFSHRE.

%33 KkESHQE
WEA Bt
W Realizable k-e #ifiR%
BHEH PR
Gl 1 G —HEEAREX
HEE S M SIMPLE, 0.001
£ 34 HEUREGHSHRE
RN | wEH
ADR i 4; gdm
| u=IHEE, v=0, w=0
THAIRE ] =0.4%
B 1=0.003m
BE=38C -
Cupit | - EAhdd
p=101325Pa
BE=38T
SR TRBEEAF
HEBEAREUR ERE BBETAR
HEESRE FRB AT

2) AERAS
FEZANFEEEPASE. BRABERABHLABRABEHNESRE A
TSR AR RS OERL: RVREIREAR —KAF&MF, FERHER
B E R MARBST R, REBFLERHOEW. ERFEEREWT
R S
£ 3-5 RN BHREEE
UK HREK HAEK EAVSAEK RBRIFK BEFRK

373 533 323 393 513 353

S/



IWRKFH AR
B e
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WRKFEFRLFA R
e S at

B4E HFIHAER

RE X2 RSHBADEMBEREETR A E TR, EHE Lok
RPVSSARA, BEHFRER, FABHOBEESBHRE. SXH
HETRE, RAPSEERE, RESERE, MZERR, ROZHTRED
2 5 R B #

4.1 —HETWER
4.1.1 Py BT ILER
kB RS CHEET SOCHER, HHMRHA BRI T:
R 41 FABRY |
% /mm #/mm B/mm
640 640 50

EHABRAGHETAWE 3-11 iz, HEATARBARRHOSHT

RATR:
R 42 PRBHEESHN

E 214
5 b4 BREABRKW H N & Jy/bar HOBEIC
TR 17.68 2.101 L 4393
BoAHsE 15.29 2.241 42.55

B 41 PR BEREST, PABRNTES, AHZIFLETASE, +
AREE, TELER R EESS B RA RS PR B0 EREHERRL
B3, RTHE=ZEITEHRS.
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WHRKEM 2R
N e ==

Virem Pomitonm =

| er—r
EATCHRONAICINBERASNGEESEE SR

B 4-1 A REBESH
4.1.2 R BHAR T HEOLSR
h T RAHEH E NEEER, —4rERENRBPUKBRTE 4-3

Bi7r:
% 43 HHBEHVEAERT

% /mm G /mm JE/mm

540 900 50

R 4-4 9t B EAGE R HWHE H DR AL
F 4-4 ROPEARTR. BASH

2H FE R REAKRR  waiainE AHAROR

Th m’-s? m’-s” BIC HEIC
WEThE 2.46 0.0043 81.45 77.31
BRHE 2.02 *0.0032 98.18 91.55

B 4-2 (b) FTLAB B v Sl X Em A Sl ASR W, 5AE
(LEHS) MEEESTLBARTRE. hE 42 (2) TUFEH, HREMR
A E, HAREHFRD, EBEATNTARAE, FAKEE#ERET /N
AR NRE, AHNBSEANBARERBETARD.
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WHRKFFLEARL
e e e et e S S e =2y

# : -
3 'M 5
o~ o =
5 RES
L »
é T
= :
e e
T e -
E B o —_—
3 ==l il
e —
1= s
- “ stan -
i =
& 52 e
&
(1]
o
i)
o1
08
4

S s b T

(a) HHELZ& R (b) =HER
A 4.2 REMfIE MR

4 4-3 B R R AL

BEERENGROGSAHARDAREERuR

Hot Flusd Ext Tempminture [Temperstunm) <

[t:u:u

B 4-3 B BEEN
W R BREE 0 OES R, GE4-3 (2) IRHETREZES
B, BRSPS A E A R R 8. WE 4-3 (b) FTR,

HFhAREMEERTAN, P, &bl I A A MR & .
4138H B, BHMAR

BT HEAHKREER, —4%itHHEBIUKBR TR 4-5 Pi:
F 4-5 EHLBHBRT

#&/mm &/ mm E/mm

220 900 50
R 4-6 HERHHRES Y.
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WHRKEE 20
e ————————

F 4-6 mHLEMERD . HBNSH

2 ZRAE  AHKRER  amkn AHKED
L% west me ®E/C  EE/C
BEE 1.28 0.0017 64.63 61.57
B 0.75 0.0010 5721 55.20
A 4-4. 45 fis, RERBIM 0 RBES S5 RENEHRBZRU FZ
A EEE DR E B o v SR BE R 1 S

SEEEZBRSEEEESEC

Heat Duty (Heal Flow Rate) <k
a
-

—— coEme
BERERECEERS

Foaton Asreas AF Firmens

(a) EHEET (b) ZEER
B 44 REL TR

Mol Flused Exil Temperatune {Temperatse)< G

(a) EHELR ‘ b)) =EER
B 4-5 AR EBEABEES A
414 RBER. ¥, KR
R 4T HARBAHER, WHEARBERGRIVTIEMN 5.53%F 1.91%,
Him R R E K.

32



AR A B AT R 3
e

£47 RBHHEER
B B i/ RBThE LK
3/ rpm TH#E/kW
IR mi-st ' EFLThEH
WEhE 2187 4.03 ' 8.6 5.53%
BAHE 1605 2.91 3.4 1.91%

4.1.5 5 excel nﬁaﬁu

Flowmaster X #% T COM (Component Object Model, XM
FF&. Eit Fowmaster 7] LASEMB= KM T ERRRM_KFR, LRE
42 8] (4R B 1 A0 3038 4438 . Flowmaster SX#¥ C#. VB.NET. J#, VB Script.
Java Script JURERMMAES, AXFEA VB Sript FRBAHEWA, &
H*ﬂd%ﬂﬂﬁﬁ:ﬂﬁ%mﬁ!&mﬁﬁﬁm BB, R L R
A 1S (36 BE 18 6 504 tH B Excel X R BLTTHE 4B R BB AR,
KRS ET R EAER, HAERD HERER. '

B 4-6 HBEA VA Excel FE & HE R, Rii“Run Amalysis” it 5.

Dete Source  SDUYYI\SQLEYFRESS

Datebase Flovaaster
Legin Project Flowmaster
User Nane Admin

_User Passvord ssessses
Project Name lopbrid
Netvork Name Cosimulatlon

Tea @ node 15

fan speed
/rpa |
:‘x‘iﬁ,_":f‘ 0. 0225 0.028 0.0275 | 0.03 | 0.0325 0.035  0.0375 | 0.04 0.0425 0.045
o0 |_jorsz 106,72 104.5¢ [105.60 102,70 J101.46 [100.45 [100.27 T'50.65 [ve.31 |
1100 106, 59 105, 54 7 102,50 | il 99.44 199,05 196,23 196 69 J
1200 | 0866 1 10437 110239 110140 ] 98,43 197,83 196,85 195 06 |
1300 [ 30473 103,20 0181 100,20 ] 98,32 (o742 [ 96,60 194,90 [93.43
. le00 | 30380 1 102,03 1100.23 199,19 | L | 96.40 195,30 193.2¢ 191,51
1500 102, 87 100, 85 1 99.15 ]98.09 | [ 95,38 194,15 191,88 190.18
1600 101,84 99.68 98.08 |06 93 |05 o4 |08 9438 |©92.93 89,62 |88, 55 |
1700 101.01 851 87.00_|95.89 93.36 | 91,70 |88,26 |86, 93
1800 | 100.08 97.34 95,02 | 94.78 ; 92.35 |90.48 |Be 60 |85.30
1900 29,16 96.16 ¥ 93.68 7 2¢ [21.3¢ |89.26 |8¢ 93 |63 67 |
2000 | e823 | 9499  193.76 92,98 )91 | 9033 198,03 163,27
M 4-6 Excel-Flowmaster BEA (i ) A
TEAREHTEAMA:
Private Sub CommandButtonl_Click()
- "E B Flowmaster T8

Dim finapp As Flowmaster_Automation_Gui Application
i3



R EM AR

]

Dim proj As Flowmaster Automation_GuiProject

Dim net As Flowmaster_Automation_GuiNetwork

Dim pump As Flowmaster_Automation_Gui.Component -

Dim ﬁm As Flowmaster_Automation_Gui.Component

Dim res As Flowmaster_Automation_Gui. ResultSet

AR & ,

Dim DataSource, DataBasé, LoginProject, UserName, UserPswd, ijéctName.
NetworkName As Variant ' |

Dim i, j, reson, cindex, nindex, cindexl As Integer

Dim tem As Double -

Dim dummyvar As Boolean

Dim db As Boolean

RNREE L, B, BR

DataSomce=Cells(5,4).Value

DataBase =Cells(6,4).Value

LoginProject=Cells(7,4). Value

UserName=Cells(8,4). Value

UserPswd=Cells(9,4).Value

ProjectName=Cells(10,4). Value

NetworkName=Cells(11,4). Value

'35 Flowmaster

Set fmapp=New Flowmaster_Automation_Gui.Application

WE R

db = fmapp.DatabaseLogin(DataSource, DataBase, LoginProject, UserName,
UserPswd)

"WELR, network, JTH
Set proj = fimapp.Project(ProjectName)
Set net = proj.Network(NetworkName)
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B e

Set pump = net.Component("14")
Set fan = net.Component("1")
Fori=1To 11
BRE R R
dummyvar = fan.SetLineBySearch("", "Output Value at 1st Time")
fan.SetCLValue (Cells(i+16,2). Value)
fan.SaveChanges
Forj=1To 10
"WE KA AR R
dummyvar = pump.SetLineBySearch("", "Output Value at 1st Time") -
pump.SetCLValue (Cells(16,j+2). Value)
pump.SaveChanges
EITRE S ANEZ R AT
resno = rﬁLRunAnalysis(UserName, "Flowrate" & Cells(16,j+2).Value & ",
Fan Speed" & Cells(i+16,2). Value, "SS", 1, 0) .
'open the result set
Set res = net.ResultSet(resno)
'use the current unit set for the results
res.UseAppUnitSet = True
EECH A 11 R
nindex = res.Nodelndex(11)
tem = res.NodeVahe(nindex, 41, 0)
Cells(i+16, j+2).Vale =tem
Next
Next
Userexit:
‘delete Flowmaster objects

Set finapp = Nothing
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End Sub
BAIEHER T 254 R4 H ) Excel R #8E L ESNES B 3) 7E Flowmaster
FAER—RIIKLE R, TURGEEXRETER, B4-THHEERIIR.

Incompressible ... |Flowrate. 0425 , Fan speed2000 Success
Incompressible ... |Flowrate.04 , Fen speed2000 | 201.. Success
Incompressible ... | Flowrate. 0375 , Fan speed2000 201... |Success
Incompressible ...  Flowrate.035 , Fan speed2000 | 201. | Success
Incompressible ... |Flowrate 0325 , Fan speed2000 | 201... |Success
Incompressible ... |Flowrate.03 , Fan speed2000 | 201... | Success
Incompressible | Flowrate. 0275 , Fan speed2000  201.. Success
Incompressible ... | Flowrate.025 , Fan speed2000 | 201.. Success
Incompressible ... | Flowrate.0225 , Fan speed2000 201.. Success
Incompressible ... |Flowrate. 045 , Fan speedlS00  201... | Success
Incompressible ... |Flowrate 0425 , Fan speediS00 201. Success
Incompressible Flowrate 04 , Fan speedl900 201. Success
Incompressible Flowrate. 0375 , Fen speedi900  201. | Success
Incompressible Flowrate.035 , Fen speedl900 201. Success
Incompressible ... Flowrate 0325 , Fan speed1S00 201. . Success
Incompressible ... | Flowrate.03 , Fan speediS00 201 | Success
Incompressible | Flowrate. 0275 , Fan speedlS00 201. | Success
Incompressible ... Flowrate. 025 , Fan speedl300 201.. Success
Incompressible ... | Flowrate 0225 , Fan speedlS00 201. Success
Incompressible ... Flowrete. 045 , Fan speedlB800 201. Success
Incompressible ... Flowrate 0425 , Fan speedlB00 201. Success
Incompressible ... Flowreste.04 , Fan speedi800 201. Success
Incompressible ... | Flowrate 0375 , Fan speedlBO00 201 Success
Incompressible ... Flowrete.035 , Fen speedl800 201. Success
Incompressible ... Flowrate. 0325 , Fan speediB00 201. Success
Incompressible ... Flowrate.03 , Fan speedl800 201... |Success
Incompressible ... |Flowrate.0275 , Fan speedlB00 201.. Success
' Incompressible ... Flowrate 025 , Fan speedl800 1 201... | Success

Description
| Flowrate 045 |

Fan speed?000

_|'Success? |

B 4-7 BAH A RIR
4.2 SHHNER

REBREH=FHRTUFBMRRCFROTEOEFRE, film, 5T
ATRANMAGNALRELE, BESHHMHSRHEEOLE. WmHFEA
AL BERIRAE, A 28 5 INRE S MR . HNERMNRA MNP HA

HAEARRERRESE.
42.1 RER HATE MR IIEFRILHR

1) FHRHER

TIHBINDIER GRS S AR, BT R4t AT R At
RO B IE AT AR, SR RAHRIER, R RSP
AHRERFWAER. EHSARETTHRADRANMANESL. B 4-8
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(a) i (b) T4, AHREBHTTOEEA B, BT, BAS.
A BNEHER A RRAEN. B 48 (b) WRHTIE BREEREE
0-20ms, LAGENHTOLEEE I 1o B8 AUK B B SRS .«

92 =16

e 4 . 12
55 e T, N Ig,
intle 37 R 3 i
r : e )

18
0

(a) FREHEZTER (b)- Y8 776 R 2 2 0-20m/s
B 4-8 Hi5EThE LI T AR M MR
BT RAHAER, REHEERE, tlE49m, LiFRRRKRRRMT
E Y B BE Th R TR B

(a) FREFEERER (b) Hi BRVEEREZE 0-20m/s
B 4-9 BAHE TR THRARBL A

B 4-10 &M THHE. RBURESERATOHINEHDH. TUES
st RERONERENENE. STEDETREM BAHENFR
2 HHEEHSHNE 411 B
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()EH 57 (Qib i ON:
B 4-10 BEDRTRTHBRAR. RARESFEREOLEHMitER

(QEN M (b)E /1 4 A AR
E4-11 BAHETHRFHEAE. RBREASERTONLSESHHR
2) BEGHEALER

HEDE TR EABHFREHHRMAE 4-12, 413 FE, B4-12 (a)
NRFHPEABZE P EREREREI A, B 412 (b) HIRE S HHERE R
B Bl 4-12 TTEIZERE ThER T AT R BAL AR R RO A AR A AL
363k, FIYBSMEBEA 353K, E 4-13 (2) A H T LA & (@ AR TR A 4
fild, B 413 (b) AREABREOBEI A, BUETHE TR T A0 R

R A 351k, PR EE N 335K KA.
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349 363
339 .-353
i : l 330 343
220 i B
. - r .

(a) o (6] 4T B BE 53 A (b) R AR IR
M 4-12 HEhETRRHBABRBRIEREIAHSR

(a) o (A 4K ER /76 (b) BURAMEMEE DM
& 4-13 mmuawﬁmwmﬁmwm
B 4-14. 4-15 R BAHER REHLR B BARBE DI, H4-14 (2)
HEPEARBR T RREEREAFE, 4-14 (b) HFUR R T EEE
AriE. BARETR T RSIEHENRBERED 368K, FHRTEEN
358K. M 4-15 (a) H THRAMARMRIRMBESHE, B415 (b) F
PR AREOEEN A, FEHER TR T BAUBMRES N REEB N 340K, T

BB ER 335K 4.
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(a) # [A)4% T BR & 5 A (b) BUE AR AR 2 A
B 4-14 BORHE TR ARSHIEABR BB SBEL HHR

m

346

337
328
320
311

(a) PEABEEEEME (b)) REARDOEES
@ 4-15 BAHAE TR aylgA R B SRS FiFR
4-16. 4-17{HTHMHE IR T ECU 8 3 M AHRERERER, WE
A LUE H ECU B BB b 345K £4, 18T 80C, HERITEX.

I_' J ..‘ S '_’.'j
nl‘ﬁ pljh: HI‘H
o 140 T

140 Y 340

117 ..

(a) {RZE 50mm #ifl (b) PlEERE (c) f®A S0mm #HE
B 4-16 HEIHHE ECU BIE 1
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(a) fRZ 50mm #@ (b)) PEAKE (¢) WA 50mm

B 4-17 BAHSE TR ECU B4 E
422 BREDHATERRTERBNSEIHNR

WHZERE Y 20ms B, BEERERMAE 4-18 Fim. RPN KRN
4-19 Fim, BEARSVEABZMERE, RIPRAERRD. KaHl
AP SRR BN T 0L LI 4-20, 7EH D HRAL T BEVR . KERBRIFARENH
mE 421 fir, AEFATUEHKEARNFARGHMEES, BRFERE
KEIAEBFE S

B 4-18 2% 20m/s B RIE 7135

B 4-19 % 20m/s REWAEE S
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4.2.3 3 & AL A

R 607 X B R A TSR P RS R KRR BE R B, A e
BEGEHLERAHEHMK . RBERATER, —7HEERBEIRA S
—HELEMBHKR . SR R BB RNTR T AR RN E
AR, WM BEUREASTK, RMRERSVRRSGES, &
RBERA S A=A

1) REERRBH ST

WA 4-22Ca) F7R, AHBEA ERX it 0 =SB B #, B#E 100C.
g TFEFFR LRRGZHE, BFEURREEREANZSRE D, BEAER
AR FHEE. WA 4-23 (b) FiR, ERRENEEEEHFLHL,
EESERERBRY, TUSELERS TEERI L. B TFEARE
BiE, AR =ERKEY, ERBSAZSEREAHERAD, FH
BAEREEFE, X 100CER. BTFFAR ERZMEXRNAER, B
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R KR e R RE B, B4 100°C.

(a) RS

Velocily/m/s 25 74

= R

(b) HEfEH
A 4-22 BHRTAHRBGEE SRR

2) BukEERRIS T _

S e B 4 v ST 8 0 3 AR BE S I 04T, A SO R AR KRB
RE RN T it -

OESMBELSARARRZ AR ERAR, RARRKRNHEZS, &
Z ABERF A HER: :

QBKRE 4-22 (a) FiR LR, FRZAEEMGIBAME A DR,
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OE/NFABEREMEE, BN BHRBNEWN.

MBS BN AREEF#TIHHE, B 4-23 AMRLZESRELZS0E
FEHRLERE . hE 4-23 (b) ATLUEH, BIEEEREE 70CLLT, AHBRE
AHMRBEKIERE, R EREEA RN AZF R O®REE T M
Z60CEA, BABLENTHXERAXBRECEE 70CEL. THERK
B, ARFEERTHRTEHLRITEK.

Tempernture/K 331

3

(a) BEH

Velocily/m/s 26 74
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(b) EEH
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424 ER R HRGESHERFR
4-24 Y E B RIR T AL EIR, RIER 4-8 BIE, &P &5 A T0knvh,
60km/h, SOkm/h. 40km/h. 30km/h. 20kmvh. 10kmvh B, ZESERTHIBSGES

HIRm.

'70
. 60
250
g4
ﬁ 30
H 20
10
0
0 200 400 600 800 - 1000 1200 © 1400
HE (s)
424 PEBRIBHALER .
#4-8 BWEEREF
FBERE fFIEERE PHEE BRREE BAENE BARE .
TEIR R |
Is fkm kmh?  Amh? Bmes? BEmes?
2 2628 11.6 15.9 60 0.914 1.543

BRI A, AEETEATRR GRS TRE, BRI 70-90%"
MIBEEEE, 80-100%KBETREE. FUE BREEN KT RSV TIEE
BRHE LR, ' '

P AR HERNTRBLBHRRAHY, EERBBENEMRIER
GiBEE. £ 49 HRAEETANERNETME.

% 49 REEETHHERIZTH B

Z55% /km-h™ 10 20 30 40 50 60 70

S Filkgs? 1915 1909 1.902 1906 1927 1944 1948
mE 4-25 THESABMEZZALRERHRLES, BRBBELE
BRA, TARBOBKERMIZEETHRBZ Y 1.68%, LREHEIN
EFNERAHBERESHARUEZHAK.

45



WFR KA 20 i3

1.95- (== A ]
/
1.94-
'g‘jwaa
2=1.92
Ir
1014 \\
1.90- "
10 20 30 40 50 60 70
b
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B 4-26 WATIHEIE R ISR
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ERBEE—ROWAET, BRBHRSENRBERRK, Y428 b
10km/h 1A %] 30kmvh B RR R, AT KB HRE X T RIE# AL AR, B
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AEBSET R EEN h— RS EFR, BERGE. SR
ERBEMMY, HEENS K BN RHIEES, BFEEANTER
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WS, EEEMWRED, A, L R R R TR
B, EEASE R FREFRE, V358 NRE M NN
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(I R T LB E— R MM RES. Bl —. SRHHHRIEN, |
FRAGERBEERNE, THEEXN— SHBEETE.
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HHEHRI GG
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(a) HHEET (b) ZEER
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B 4-29 . NERETLUE S, BHESADERNZER, BHERER], &
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| —— S B ECAR

F 4-29 BEHHAR
M 4-30 MEERE ORI E LA BEMARMSE, @ EEATLUEY, 78
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B 0.384m, 5 BKRE 60%H, ZEMEA R HARERKE B AR
90%.

48



WRKFHM AR
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00 01 02 03 04 05 06 07
5 %54 BE B /m
B 430 RESHE

Mt E AR, AR A O R R i A EE A, Pﬁ%iﬁﬂié’—’wﬁﬁfﬁ RS,
BB BRI, RAPABBRARNINEARERB T AR LRNBALE
71, LU A R M SRR AT L R IR A T R IR S A |

P b4 R RPES S H PR %L RANR AR H ORENBHRENE -
W, BHASHHET, FEAHARSAN FEEEL— M YSRERAE,
TR KBRS EBEINE 4-29 A BRBARE, HEARMUSHHEOER
HES, REELHREAF BEXEH (UDF) MFERA SN RER, LR
S bt BRI AR R

#4} UDF RGBT+

#include "udf.h"

#define C2 657764.1605

#define C3 3392091

#define C4 882616

DEFINE_SOURCE(motor_rad_source, c; t, dS, eqn)

{

real x[ND_NDJ;

real con, source;
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C_CENTROID(x, ¢, t);

con = C4+155757.647*(x[2]-181.01995); source = con;

return source;

}

DEFINE_SOURCE(rad_source, c, t, dS, eqn)

{

real x[ND_ND]J;

real con, source;

C_CENTROID(x, c, t);

return source;

}

B 4-31 FEEHS A PABEMNE, PRABHE, FRB 2R, TREy
75 AR T B, RS dvy AN

B 4-31 FAEILFTAT

A{£F UDF Bf, A8 HERWE 4-32 (2) Fim, BTESREN, -y
WHAEAXE, Bl NEERTADRE, Xk EEEFIHOLHERED
2% 323K £4, BEREFAQRE, HHERERELHFHRAR.

A 4-32 (b) h{EH UDF EitH &R, mEBEXSHREREZIAQL, B
BEAMERBADRE RS EROES, EmFaEirEo.

i LA b HBER A B B s X B AR R, BT = e A = S
RERRR =8I ENE, EHHEREMELRER.
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