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Abstract

To solve the problem of multi-domain coupling involved in the simulation of automobile air con-
ditioning system, this paper was used Dymola simulation non-causal modeling, hierarchical mod-
eling, multi-domain modeling and other characteristics to build a set of automobile air condition-
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ing system simulation model. Compared with the experimental data, the accuracy of the simula-
tion calculation under different extreme conditions and multi-parameter change coverage was
analyzed, and the influence of different factors on the system performance was quantitatively
analyzed by using the simulation model. The results showed that the average error between the
simulated heat transfer performance and the corresponding experimental value was within +7%.
The cooling capacity increased by 2.4%, 1.9%, 0.4%, and 0.8% respectively, when the in-vehicle
ambient temperature rose by 1°C, the evaporator air flow rate increased by 50 m3/h, the external
heat exchanger air velocity increased by 0.5 m/s or the external ambient temperature decreased
by 1°C. Additionally, the system coefficient of performance is improved by 1.6%, 6.3%, 4.0%, and
3.1% respectively.
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B AL SR RRIRE, MR ES RSN T RWAEIZE DB 1] [2] [3]. TFEK, KE
H B BT REIEIR ZE AT 7R JIEREF4] [5], BrseV BRI =S E2 A IRE 2R K. B 5 &I
TIRZEAHEE, HTRBIEIRAE, JCHRATHE) A, (ERFE TN R B — i), HARET IR
G e KB HL R R A8 SR 2R K R R B BRI B R ME fl —, P DAAnAAT 503 i e VRV 22 S R PR e B e
TAEFAT IR FEORE BB R [6] [ 7]

H HTLEAR 20 50 VR 25 25 PR U Il /L) 7 v, BLAUL O LR R AR . AR, RE s It s, &
W)z HR R 8] [9]. KSR N[10]i8 Ff MATLAB/Simulink X754 25 i /4 Bt s 15 28 Kk ge E47 05
B, AT T IR AR R, R AR IR R R SRS T S E B L. Zhang FEA[11]KH
CFD Y453 BT 44 Fluent SRR 20 MIEHEAT 707 FLEERL, 00 5 )5 720 0 H XU R EAT 1007 FL 5047
XFIA BB R R TE S M hE ) T . ¥k S[12]5 T CFD J7iE R R 2 i AT Ve Bk
SIE 7 S DA B i) 7 RN S 7 RS, b 1 AN B T A S 1AL EE R v ks O AR R DL A R R
it B E RE RIS AR . Tbrahim A1 Mehta [13]3 H Fluent AVA 44518 2 G0 A EZE ML 73 7
BEAT T OB, XSRS AT 7O sdE, SR T RGN Bt BT SCRR B T 2 MR
SIHTITVE, AHRIRET R GR B T WA 6], B BUE. FUR. ABREEZ ATl 2R e )
BARERS, 4uinim bR R 2 A Red ik B — AU R AR SRR A T 3, X R TR
ARG 2 U ER G E N, RS & MR RIS, Pl RS ERET RS
HICVEA B3 2 S RS AR R EE RS . FL7E 2012 4F Dymola #tiz T % 5 &RARGE 4 4
(M & E R R R 2 v, M R D B P TR D 18 B LS R RN T- G 14]. 451513 ] Dymola
SHRENE T ARG T @B 5 LRSI HEATXH R, BT T AR AT M A MBE B TR T,
TR R G R BUFT FV M R 22 2 B (W52 o B8 B 55 N[ 16112 H Dymola % L3R ZF FL it 5 SEdE 47 A,
TR A B AT 3 77 F b ) B R (] R R AT R S M RE S AT R AR, e O BB SR X
SEBR B BNIR ZE F v 2 AR RS Bk . Hirano [17]2% T Dymola X B BhiR 25 54 6] 2 G2 0 % 1) 1 g ik
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2. Dymola EX[RIE
Dymola B&j4%

Dymola (4:44 Dynamic Modeling Labortry) & H1 %fi # Dynasim 2 7] FF & ) —Fh 3£ T Modelica i 5 Ifi 1]
MR B [18], HEIEFRME. BB 29U B SR S, B2 N TRE . iR
4UIF[19]. Dymola JEHR SRR, GRS LL ol BRI MR 7 AR A, AR IR B T Sebr i R
GERAR NG 1 [ I SUAS L 45— DM VEI ROk R IR B AR B Hbx, XAMRF BRI LE LR UE S5 R SR 4 B
Ti AR B[R 3R m R R . R AR BLRE e 1k Dymola £ 57 A0 07 EBR R FE AR K 73 b AR
TEWE,  HEH -G8 R ONIREE R G AT A AN 7 BLAE 5K

Dymola [JEMBHLE BT E . ARGk A 1 7 2ok AT A AF 5 2E[20] [21]. BT Dymola
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FEBRELERDS), — A EER AR E X flow BASHETT .
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Figure 1. Diagram of the system
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RETWIEGENARYE HHEE R G, w5 @ E AR HEE RN ARYE 4L 451 T AR,
LA AR R ORI RN . A SOk M B7R 4 A L R AR HE R e =X R 4 bl
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P2 7N = BT S H AL b i 7R I R RS AR AL, HUBAE ) I = B H SRR 4a ML 3 Bl i) Rl AN, T
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Figure 2. Diagram of the flat tube structure
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Figure 3. Diagram of the louver structure
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3.4. (TERESERIE
18 ST BRSS9 3 ST B A AR R AT AR, R AL RS SRR A R AT XS b {7 AR
FEAR TS S RSN SRR B, 8 e A BERRE . P R m R . 2R
P v ek A 26 IR R RRE B2, SEIR T A% 1
Table 1. Heat exchanger monomer experimental condition table
=1L BMARBARIRTRE
ZE AT AR BAAR S 58 T BN FRR G FAR SR T

T X EER o #Em e EEKC R @mET o WA HH
mE R EH 0 dRe oW wmE K& Ewh EBh d®n iR
(C) (s (bar)  (C) () (C)  (mYh)  (bar)  (bar) () (<)

1 40 1.5 18 35 5 40 550 18 3 5 5
2 40 2 18 35 5 40 500 18 3 5 5
3 40 2.5 18 35 5 40 480 18 3 5 5
4 50 1.5 18 35 5 40 480 25 3 5 5
5 55 1.5 18 35 5 40 480 22 3 5 5
6 60 1.5 18 35 5 40 480 20 3 5 5
7 40 2 18 35 10 40 480 18 3 5 10
8 40 2 18 35 15 40 480 18 3 5 15
9 40 2 18 35 20 40 480 18 3 5 20
10 40 2 20 35 5 50 480 18 3 5 5
11 40 2 22 35 5 55 480 18 3 5 5
12 40 2 24 35 5 60 480 18 3 5 5

He AR B RS BE IO IR 45 U] 4, ] LAV R B S BB R ZE AR EAE 5% LA, AN B AR
=T S%IEATIEE 10% LA, iR ZE W] AEE T SEE0 & IS HUS 0 B A S ) w22, T Ret T01 &
THERE AR AR E M M, B2, FEREERIGE T Dymola 17 B WP EEME, FIH Dymola 1 &
A R TR R S R G A T RE
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Figure 4. Accuracy verification of heat exchanger model
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4.1. FRZELS[HNXEXT RS 14ERIF M

K5 R 6 NTENIAEIERE 27°C, ZEAMABIETE 40°C . WRUNGE 2.5 nv/s, [EAEHLEEAARN), &K
SAEEE S HIA R TEENLIhFER RS0 COP (Coefficient Of Performance)i 7= P 7% & 25 33F XX i AR 4k 1
Mo HIE 5 W50, BEE &R A HERUEM 250 m’/h 3925 400 m/h, 2K K I RAEE BT, AT E
MR KT JE . X2 FAZ R BRI, SRS RESE I, HAgm, %
PEIER, RIS, ZERIBAGAT I 2, ZRIEIIER, IR, T R4
ABHIEOUT, 28R 38 Al e i Lk 1 5 38, HHESR St 2 8K, B LS 804 Bk )38 K.
M 6 %1, BB 2R 28t X I K, HIA AR S COP BR8N, E4iHLIhFesbigte . X2
NE R AR KR EIG I, ARSI, RN, RGURER R, FrUURgENIThRER R, (A
FEAENL DA IR LR /N COP B4 & 5 R 4g ML FESL Rl s2 e, DRI B 3G M B 5K T R 4 HL D #E3
i, FECOP WK M2 ir 525 28 R 2 RGBSR EFE 50 m¥/h, iV & BT 8.9%: E4EHLY)
¥ L 1.9%; COP L7t 6.3%.
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Figure 5. The influence of evaporator inlet air volume on the condensation/evaporation pressure of the system
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Figure 6. The influence of inlet air volume of evaporator on cooling
capacity, compressor power consumption and COP
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4.2. ZFSMEFARFIE KEX RS sE AR

K7 R 8 N NIAEEIETE 27°C . HEXUXE 350 m'/h, ZEANAEIETE 40°C, JREHLEEHE AR, 2
RIRERE ) HIA R RAVLIHFER RS COP Bl ZE /MG A T )R AR I ol . B 7 w50, BEE
FEHME IR KR 1.5 m/s 395 3 m/s, ZERIEJRABEE I3, TTEFRIEM SN T E# . X2
BRI AR R, S UM AR EOE N, MR A A BRI O, (S e RS P I A 7 A
SEARAA BRI, AR R IR, A EEEEREAK . EAENUFE AR, Ak ) 0 B AR AR R 4R L HE
AR JIBEA, A RIS I RRR T AH B 78 R s 7 (R A 7)) il 2 B A

A 8 BTN, Bl R KGR SE I, A RSN, RS COP REXN, HAENFETIFIC. X2
NBE A T KGR IG I, A RN, AR EERRAG, B HIA B, H B TIRAE IR, IR
AIGR, EAHLT RN, AR BRI IEIE FERL/N . [RIEA Bt  7ekN iRO R B2 K T 28 K R 7T
JEECHN, AN DIREAG, BEIM S8 COP ¥R . 1 — 35 3 M il 45 42 AN A3 30 T XU 3 39 1 0.5 /s,
HlAE BT 0.4%;: RAGHLIIFE T 3.4%;: COP EJt 4.0%.
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Figure 7. The influence of the frontal wind speed of the external heat
exchanger on the condensation/evaporation pressure of the system
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Figure 8. The influence of the frontal wind speed of the heat exchanger on
the cooling capacity, compressor power consumption and COP
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AEEAHIEE T, HE. RAEHLIIFERI RS COP B 25 N 28 K 2% 1k KUIRBE (ARG e o bl Pl rhm
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Hlve R T BRI R, £ FILEEAT, SEHIA R . R BRI R T R 4g LD FE g
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Figure 9. The influence of interior environment temperature on cooling capacity,
compressor power consumption and COP
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B, AFEEGEHIEE T, HAEM RS COP b4 AN SR B AR B . B B nT 50, ZEAH 5] e 4 LA
I, BEEIABREMN 34°CTHE 40°C, HIAEISA N RPN K COP J/h. X2
NZEANIREE IR T, A SN 2 SRR ZE kN, S IR (VA ) B 8N o [FIES R AR R R 4
b, SRR, R RGN, FEThIG . HHA BN, R4ENLIRE A, R8 COP &/, it
— T AR RSN SRIRER TR 1°C, HAE B 0.8%; EAENLIIFE N FE 1.9%; COP LFt 3.1%. H
BIE RN, fEAH R RSN R BEIR L6 T, BEE R ANLIL T i, AR R, R4ENIIFEE K, COP [
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Figure 10. The influence of ambient temperature on cooling capacity, compressor
power consumption and COP
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KSR SRS A R G B K 2 U5 1) 108, 12 B Dymola /7 ELAER SRR AR 2 S04k A
Z AR N, PR IEIOE TIRE T W RS HARRL, W T ENAMRERIR AL . ZE MR 1 XX
NG N 7% 28 MOXEE G R GEMERERI IR . 152140 T 4518

1) AR EREEARE RG] BT FESH, a8 S S PR Z 8N T
7%, BAFLE SRR TIZBAI AT AT RE . HERGHLTTNSE PR RS0, SR ESHBIERA — &k F R L.

2) Bl G N AR RAEI I, A SR8 EAENIThFERITR SN COP &N, b 4
AT KRR I, A SRS I RAEHLIDAERR R COP WS hn. Bl 242 P ISR I
HA R RGN RAAHLIIFENS GG N; COP 3. 5 ZFANABERE BIE, A RIEa N R4EHL
ThFEREK; COP FF%.

3) ENAERBEEXIESR LT 50 m’/h, AR LT 8.9%; EAHLIIFE LT 1.9%; COP LTt 6.3%.
ZE AN ARSI RGEAE I N 0.5 m/s, HlA & BT 0.4%; E4EHLINFE R I% 3.4%; COP BTt 4.0%. FHIR
B R LT 1°C, HA R BT 2.4%; E4EHLIIAE L 0.8%; COP LT 1.6%. FANASTRIER R 1°C,
Hile & BT 0.8%: HAGHLIIFE TFE 1.9%: COP EJt 3.1%.
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