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Simulation on Water Cooled Charged Air Cooler System and System Cooling
Performance Study on CFD
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W& AT 1S5LBEAAEM, KA HERKRS A 5 (CFD, Computational Fluid Dynamics) st 7K 4 ¥ 4 #
% (WCCACS, Water Cooled Charged Air Cooler System) # 17 —4 & %y &, H#4TRIBIRIE, HF5RKAF
A RARE SR R RAIUHEN R, B, KR —4% CFD 54734 GT-SUIT 2 K4 F 4 Z Gbd Mg T 0L
(ﬁkl%&&§l%)ﬁﬁﬁﬁAﬁ ok, BERRS S EHTRBRIE, FETRRRBIREET
CFD o #7, st RXBLRE CFD HH LR RE, EXRBEANRTREFRETRXE, &ML
ELABRMETI) THATRILET KA F A FZROAZMR;, FTHERN: LT HENKATAZFARTS T
N (HABRERS) AREIRN, BAKE ﬂ%kéﬁl/ﬁ/]%ﬁ&l&ﬂ 2.6 B RGRRIS 5 CFD # H 4R & AR &
SR EAF, BREFBLIAAE K, SEELREAXEDRKARE TR L THNT, Kb PhFRESGTIAKIER
AR F I ETREIRE AR, AT B AR

XHE:CFD; KRAFVAZG,; RAAhE; RFAAHHR

it H#Ak3) /)4 (CFD, Computational Fluid Dynamics)

¥4 % (CAC, charged air cooler) ;

KP4 % (WCCAC, Water Cooled Charged Air Cooler)

g # i % (LTR, Low Temperature Radiator)

KA A &% (WCCACS, Water Cooled Charged Air Cooler System)

Abstract: Base on a 1.5L turbocharged direct-injection gasoline engine, a One-dimensional system CFD
simulation is conducted on the WCCACS (Water Cooled Charged Air Cooler System) and the system cooling
performance of WCCACS boundary is studied. Firstly, the One-dimensional CFD software GT-SUIT is used for
this WCCACS simulation. Secondly, a small wind tunnel test-bed is established and the test data are compared
with the simulation data. Finally, the vehicle heat damage test was conducted, and the cooling performance of this
WCCACS at extreme condition (specified condition and heat damage condition) was evaluated. The result show
that the more extreme condition is heat damage condition (Water Cooled Charged Air Cooler outlet air
temperature higher); there are more heat transfer at specified condition. The wind tunnel test data is in good
agreement with the CFD simulation data, which meets the engineering requirement. The vehicle test show that the
water cooled charged air cooler out air temperature get the requirement at extreme condition (specified condition
and heat damage condition).
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BE A a7 P BE IR B S PR TS e In) R, % BEEUR & 1 BRI ™A% IR ZEHE TR FRVE R, 38 K
ML V2R . SR SR SN RS, SR ERR, HRIEE S A A TR A
HEEENSREE, RAPPATRES RN, HESSBRRE S, PARE. MET XA+
A28 (CAC, charged air cooler) , /K& ¥E% (WCCAC, Water Cooled Charged Air Cooler) HIT#A#!
WEA SRR YE, BRI R, TR SR AR T S, R ] DUIA B AR Y A s B AR, WCCAC
FESSHHL A Z IR 2 B T A SE AL R B, KA VA B KA A RS, TR IE 4R
TRRLILE, PSR — T m295%, KEWLDhZRIE = 2922%, HHFORE TR, #FmdcEH. Robert D.
Chalgren, Jr. “VHFFL T S8imALKA B RS (WCCACS, Water Cooled Charged Air Cooler System) , &
IAWCCACSTEMG IR IRAS v 42 s K LB IR EE , FRAR R 3401 2%, 1l RS IR A4k, I R Ao L0 A 75 oK
SREREE, Z2PU A% T RIT AT T WCCACHH 1 I 23 /R4 EIBONS VA BRI BE PR SR B v B (R P A, o
BB LWCCAC N L S AR FE I AT = e BB AR, b 7 Fh ¥ 28 NI B BE 40 R A AL FA ik R, st
& 2R 0 07 JLA5 AT T3k, LA B 2030, 2800 SO E T S A A BE 7 B 5lh v RG0S
HUEERERISZ 48T, (H/KE RGES T R4Sk, B EI. RSP, MoK FCED R 7K %
A R H & TAE RS AR B2 R 118 5.

TR R AR RSO S  FE R I AR S L A D7 SR B A sh LA 5, Wik . EME. EGR.
IR RS AFN— PR T DR RARTEIAE,  BEAR ARSI HLIMFE A T B KR ik RS0 HIT15 2
FAO0RM) K E A Xu Song, John Myers (61 WFFT 1 S&M ALK RGEF AR IR IMIER, AR B 1Y
Wi 55, {ELH 5 B TR FT, BD X SIHLEUE TOLI 0 M SO K& ik R G AMPERERI BT L. 51T,
MR L7) WEFE b 2 5 B ae A B X0 AANLIA A SR GEPERERIFEN, (EIFARX R GE i N LE IR BE IR R AT
VR 18

HIF K& % KA AVE BRI B S RN, HERIRETH &, KRR BIsin, A
PR RAGHEE kK, R S BERE T &, MR SN PERE R HE . A SCEE T WA K% % R ST
IE U0 T BRI AR B RE DR A BRI 7R, R T AVE 00 O TIPS B 4 i Bk vk
R, DA ORESR m ffer Ll R AT SR, BRI AUE L. #UE LHLARER T 4~4000rpm A _F K 54 X 38 K 3))
HUVERE, 7 DXIHE R BT 5° C, i AR oK 27 3%, HOHE I toks 24k

FUAT, [ B XHS I LWCCACS v DL RERT 7T A 18 SCH D, AR SR AICEDXSWCCACSREAT —4E R Gt fi o #r
BEAT 6 ZR TR S B P A S I B A0 IE s D F R R RO e R S LR BB R AN S S 3%

1 B

1.1 WCCACS TExE 2R

Bl 17~ AWCCACS = A LA AT B s B, HE 2 K ve th i ds . Ak R . KR EA S
(LTR, Low Temperature Radiator) . f#iliaw e A4 B . WCCACSH) TAEEFE: 1. &id s Easdt
NS R ANIE RS, AR EEERE ST E, 3B kA @ e T A, R BEZ
A, FHmZHEANGLANS 55, 2. BERHBFRBUKEMEEEANTRLS, Ehddad, AEAEEEE
RTINS, — /N B TR A EN O I U B, 48 A EN G NLTR, AL A
AT, AR AR RIS, e SR REKIE S, #EAKEE . 3. AR R & AL
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5 MGHAT IS B, HE NS, sl KU SRS, MHLAE T B R 4 BRI

Bl 1WCCACS EER MM B BB & 2 WCCACS T+ AR

1.2 AR

ASCHETFHE 150 BRI MAL, R WCCACS X [ J5 25 <k AT ¥ &1, Hirh WCCACS K94 H1 K
LTR #7440, LTR M EENMA B 25, WX RS RA BRI, A R AT 28 10kw.
Fl—#: CFD 554 GT-Suit Z AR GRMD . ESPUESM . LTR RN F SRR, SR 4
K 2 firoR

1.3 WHHEFE
WCCACS TR RS T, KA —4E N-S TRER M. THE R sh K A8 5 i & 518 . ZhE~F1E.

>
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B PEEE, BN A 173:

BT R (L—T = Yboudaries N (3D

R TR SO = S daries(H) + 8 — hA((Thyia — Twan): (43k2)
R, O = [dpA + Ypoudaries(u) — ‘}C%ululdx—A —Kp ( pulul)A] i (~a33)

XA, m: WMAMBEICHRERE; V: B8 p: K75 p: BE; A: WA A ARG
e: BN EBTERINE; H: BRFERE, H=e+§; h: HINAEG Tooe: FARTREE; Twa: BEHNEE; u:

R Cf: MR R%: Kp: EAHEREG D B dx: BECKEE: dp: dxFist R E 2,
2 &
2.1 CFD B 48

SKFH GT-Suit HHEL#VE Tl S Ai5E Tl F (K A 28 AR K RG0A M & LR, LTR KU J e
R, PEERIE 1R,

% 1 WCCACS 5 4
| wHER | H R | TR HHE (LTR) | Tk |
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HAEE |#KEE | HAKERE | #KEE | HKEE | #XEE MR BAE A
() (C) (C) «c)H e Q0D (w/s) kW) (L/min)
REINI1
54. 81 51. 45 55. 34 55. 34 51.84 48. 94 3.48 3.73 15.33
(80km/h, J@)
HEIW 2
(100kn/h, [E5) 54. 66 51. 14 55. 85 55. 86 51.51 47.99 3. 90 4.51 15. 37
HEIW 3
(150kn/h, FH) 52. 92 48. 88 54. 02 54. 02 49. 15 45. 59 4.17 4. 67 14. 64
BE LHL 44. 16 35. 66 49. 34 49. 38 35. 59 25.01 4.37 11.35 13. 67
(5500rpm)

THE A28 AR A BIPERE I ZER (A 55°CL BUE 45°C). TFERIL: 1. e ToL T ik
BRK, RMETHN 2,573 %, HEZFRZPUE T T, LTREX GAEE-270 RERKR, HMER
5y, WCCACS @ AU EE AR, T ash OB (AR 2080 IRZZ MR, Mo, AimfE
fFrhe de R LA B EARAIR L . 2. W AN BB, WCCACS I R GLiL s, X 5 A FNRE TR 147
FEAAL S LTR 8 S OV ZE A O o 3. iR 8 e R By, B3 90%, LTR MR RCRBUG, £ 55% (H#k
AR INFE 2 F), B LTR e840 WOCACS FR &0 1 PR H 35 s i 3R (0 e BRI B A s A = 4 s ™

e :M (/A\\ﬁll)

t, —t,
ﬁ*q%ﬁﬂ%ﬁ%ﬁﬁ:@ﬁ%%m%ﬁﬁ%%@ﬁ%ﬁﬂuﬁiﬁﬁﬁﬁi;Q%ﬁﬂ%%%
TE . ARSCHAZER R AR U TR, Wi, LTR RABEIM U, & Xk, R A CREEE 7 .
® 2 FHAAEAR THLH He R

AR rhA 28 LTR
HET M 94.60% 54.69%
Aie T 90.99% 56.59%

3 RRKIE

3.1 SRRIFRKEE

TR TEAN R RGE & T8 T [ R G JPERE, ASOTRE 7 8 2RWRET T, h T BEAERE SR,
Wi P FE IR R KRGS SRR E, IR o WCCACS (M B RN 17 27 4m, X
TR I I 3 s . ke LTR XL SR 8 2m/s 4m/sy 6m/s HEATIR. A kad 7 A op v
SR KRR T CPD M A THSRL A, SRAT AU A AT I Mg T LTR B TRt 2 m, #
B A N2 T0KW, DRIEAR Y BE KR HEAT TS, IFEOE B AV TO0 T LTR #E 0 KGRI 49°C, BilE Tl
FPRATE, #EEXIRTY 25T
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K 3 k57

JuXFEG CFD 545 50 J & 2R RIS &5 5,  CFD A 7E WCCACS THE R Y (1) 45 B v [RI R 3 0 4m (1757 B
FHK F 556 AH R ) AU BE 2m/sy 4m/s. 6m/s, 3 O RGEAETR 538 —3 (RF 49°CHIEIE 25°C). ik
45 R 5 CFD H545 Bxf ik 3 pros.

#* 3 CFD i H 5ikie 45 R L

FiSEs RREUAeE TR
LRI VaES HREE | #XIEE | WKEE | HKEE | KiE HhE e
Q) (°C) (°C) (°C) (m/s) (kw) (L/min)
ki) 55.11 59.19 54.54 3.72 13.72
49 2
CFD 54.28 55.20 51.05 343 13.56
METR1
e 52.91 57.14 52.24 3.84 13.55
49 4
CFD 53.13 54.32 49.90 3.65 13.09
e 38.99 49.43 32.89 11.86 12.38
25 4
CFD 4261 4957 33.26 11.12 12.59
LR
e 37.41 48.13 30.87 12.17 12.18
25 6
CFD 41.06 4871 31.41 11.92 12.40

X HCIRBO A CFD 447450, WTURLRS . SO BRI T 105, RETIF, AU
1 CFD MEHL{H 5 W B AT H R 2 4E 1O LA, (L kIR B AR K2 57, 209 374°C (3% TR
T, AREAEERKER, 40374, B HOKRIEEOVEE, (e ICUM. & 1, R
S R, (RICIE TR S A, R AR TSR, TR A RGBT
RIROUE T
3.2 FEMBEERKLIE

SIVE KA I RGE RS LRI, A SCHER IO AT T RIGTF ST (R 4 ) s VA E L T
B, KU AR A b 0 H A L SR04 2 K00 T LA A T (2B A 60, SRR TE 40°1C)
R T GFEHRRE 25°C, 40D, FHMBEMRAI, KA RGNAMIERLET CFD it 5
GESL, {HCPD VH ST 5B S, X RIPERSF . SEAE TS e A, 7€ 130kn/h B
P T Al SR T, (R TOUF, KV i F SR TT LG R AE R DL, KV i R 4

5
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IEEE A H AR
x4 HEMEENRE CFD Xt
CFD & ARE MR
R MAERE | AmEkEE | HERR A AR | AR IR PRI
IR () §)) (km/h) (‘C) §)) (km/h)
PETWRI
54. 81 51.84 80 55.0 52.9 80
q)1:5'9)
HRETM 2
54. 66 51.51 100 51.2 50.0 100
q)559)
HETM 3
T 52. 92 49.15 150 51.5 19.6 160
€39
BELR
(5500rpm 4= fit 44. 16 35. 59 180 42.9 37 130
ﬁj’ "@ﬁ)
4 44

I CFD T3 K AR S0 R BLA SCRTIE 7E (17K A A RGUR B R G4 HIERE, 74 8 R IA I M RE H
Br (BWE 55°C. HiE 45°C). KAFB RS (WCCACS) 1, WM THARBMEMIENZER, P i iivlx
frw, #EIE 90%, LTR #HECREAR, 2904 55%, B LTR Jy WCCACS FA PR il 14 [ %«

(D WA R0 R I, W TOLT, /KA 74 R 400] DR IE#E SR e BRI DL, A 3%t
H br .

(2) XF RS 45 R B AR50 264 T CFD 45 R, RILAR G E . M IREL /DT 10%. RETHHE
TR T N AR — iz, HEHITERET L2, e TR,

SE R
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