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Abstract: A quantitative evaluation method for velocity uniformity coefficient has been proposed to address
the issues of high pressure loss, uneven outlet wind speed, and low efficiency of commonly used CFD optimization
simulation methods in automotive air conditioning ducts. And grid deformation parameters are created at the locations
of pipelines with severe airflow separation, thus forming an integrated optimization method based on Isight integrated
Sculptor grid deformation and STAR-CCM+ technology so as to achieve an automatic optimization of air conditioning
ducts. The comparative analysis results show that by using the uniformity coefficient of air outlet velocity and automatic
optimization technology, the pressure loss in the air duct is reduced by 26% to 34%, and the uniformity coefficient of
air outlet velocity is increased by 16% to 33%, with the optimization efficiency significantly improved and the air outlet
airflow remaining unchanged.
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Fig. 1 Schematic diagram of flow cross-section grid elements
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Fig.2 Simplified air conditioning duct model
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K M1 CFD {5 EASADE 5 J5 i XU/ ) e XU
fE, I LARGE M BRI L 5 22 I A5 B0HE R A T I uE . )
2 XU AR FE A 0~100 kg/s, 433E%H 0.000 2
kg/s, MIETFTN 0~0.999 m’,

I FH PO TR AR A 7228 ] B, s 3 RV T 1Y)
EETERFH 3 J2 AR IS, SR 2 mm, HERKR
12, RIASEECN 6 x 10°, BB, 4 4~ H XU S iR
A T AR AN SR CR A, AR B e
N 1 R,
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Table 1  Four outlet surface units

Ho outlet 1 outlet 2 outlet 3 outlet 4

AL 18 730 20010 19610 19970

1 23 PR I N 2 S e KR AN 2 10 mys,
T AN ] R4 22 i sl o M 5 2Rl 45 de KA
PEATT 5 BJREREN 0.157 887 kg/s, HITITFIEN 0
Pa, §RENICH B REM A1,

AN SRR EE AU s, ) Fg R AR AR

JH SIMPLE J5#:, 3R] realizable k-¢ it A%y, iz
RE IR ALl y+ BETH PR AL
DA 3] XUE D FLTH 525 SR A5 0 i 0 Jo i it
IR XA XGERC L, IF 5180 5 22 o 45 R 1 T
XPH, AEARANER 2 B
®2 HORENFHEESKBEERXERILER
Table 2 Simulation and experimental values of export flow

rate and air volume ratio results

HO B/ (kg s™)

X i SRl RRRCEE /%
outlet 1 0.039 77 0.038 58 25.19
outlet 2 0.039 90 0.039 10 25.27
outlet 3 0.038 66 0.036 73 24.48
outlet 4 0.039 56 0.038 77 25.06

H1 2% 2 AT LAAS L, 4 A H XU Y U E FE 38 R
25% Jeda , A RV BT KR I R [FI,
RN T 05 LM, 3X 2 T I 15 S48 1 i O 25
JEL PRI AR, (B B S SEBRHIR 2R, FEAN
2%~3%, RWINTE IS TEER

HWHREAIE (APy=Pu—Po) « FHRTTFE
g, I (2) BT AN R BT,
PS4 R R 3 Fr.

®3 KNEBENRESKEH SR
Table 3 Pressure loss and velocity uniformity

coefficient in air ducts

REFTE /AT B Pa SFIRGE /(m - s7) SITEREy

pipel 66.71 7.06 0.626
pipe2 68.85 6.78 0.542
pipe3 56.04 5.34 0413
piped 52.14 522 0.434

HIZE 3 AL, 45 XUH TR REAR X B0, PR XA
BORZES, WAVERETE 0.5 /ity , RUIEAHXA
A AL AR A AR R R

k2 M S PR NGB s RO L 45t XL
BRI IEA, XHEIE BE 1 M S A R A
oo B 3 DB BE IHI T 1 73 A1 2 1B

STAR-CCM+

oby 2 i
static pressure/Pa
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Fig.3 Cloud map of wall pressure distribution of air ducts




66 7= DA | /A = S S 4

2024 4

r Pl 3 AT AR, RETR R A FTE Y 12 ke
ik, 7EEEHTAHMAEX, FHEERRFE, W5
XFUnPE 3 HbRic O B ES TG, DAREIRXUE
TPk, s SR

B4 g 4 A AT R i = 1, H AT LA
A, BRE 20 3AMUAE R 1, 4 FARIIfELERL
KRR X, AR TSR . R SR
HER SR, MR REEY . B .
P KBTS B

STAR-CCM+

velocity: magnitude/(m-s™)
0 1 2 3 4 5 6 7 8 9 10
[ |

B4 HRAERESHZE
Fig. 4 Velocity distribution of air outlets
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Fig. 5 Speed streamline diagram of air outlets
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Fig. 6 Mesh deformation control body
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Fig. 7 Pipeline mesh deformation control model
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Fig. 8 Schematic diagram of integrated calculation process of

test designs
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Table 4 Upper and lower limit values of variables mm

Wit BB TR iR R TR
x, 0 100 X, 0 20
x, 0 150 X 0 15
X, 0 15 X 0 15
X 0 15 X 0 20
X, 0 20 X 0 20
X, 0 20

11 RIS ke 5 R 4 A H XU PR 46 2
JRGHE JEE 35 23 PR 0L, il RO T 07 i A T ik

ik it, MRPEE 4 PRYBUE, ES7 DOE 3 HikfEAs
120 14>, N3 5 iR,
K5 MURTAHERS

Table 5 Sample points of optimizing Latin square mm

AR

SCHL X Xy X3 Xy
1 1.68 100.84 1.26 12.61
2 4.20 80.67 11.34 2.18
3 7.56 55.46 6.05 4.54
120 94.96 122.27 6.93 10.08
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Fig. 9 Contribution of the pipeline pressure loss
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Fig. 10 Contribution of the uniformity coefficient of
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Fig. 11  Approximate model optimization flowchart
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Table 6 Optimization scheme corresponding to

design variable values

=

e
Bt EE x X5 X3 X4 X7 X3 Xy X1

fARfd  72.11 69.06 14.98 12.92 19.64 14.50 14.90 2.05

5 fRUERDH

A5 4 6 FIER AR AR T T A 2 KL
B, B RO AR X LR 12, P
GRS VIR LT, RS A e LR A .

5
BN 2 3 4 B
B 12 RERBMAL ST E
Fig. 12 Comparison diagram of optimized air duct models
Xt Ak KU 5 F STAR-CCM+ BEAT 5 T4,

EIEE IR WL 7, 4 D S R B 8.
R RUFTREEEHRK

Table 7 Optimization scheme for the pipeline pressure loss

JEJ15K /Pa

B (LGRIES (UK VIES HETLs %
pipe 1 66.71 49.05 -26.47
pipe 2 68.85 48.65 -29.34
pipe 3 56.04 36.53 -34.81
pipe 4 52.14 35.09 -32.70

F8 BHOBREHAERY

Table 8 Velocity uniformity coefficients of different outlets

e el RIS 1%
WEHE | BhE
outlet 1 0.626 0.728 16.42
outlet 2 0.542 0.722 33.07
outlet 3 0.413 0.546 32.17
outlet 4 0.434 0.568 30.75

MR 7 WAL, Ak A 4 T 0 XGE R Bk
BIRMEWN, e/ NE SRR RN 26.47%. %k
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Fig. 13 Cloud map of the wall pressure distribution of air ducts
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Fig. 15 Optimized velocity streamline diagram of air duct outlets
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