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Abstract

With rising global energy consumption and worsening pollution, new energy vehicles show great
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potential in the market. COz heat pump air conditioners outperform traditional/other types in en-
vironmental protection and energy efficiency. This study uses a self-developed vehicle COz heat
pump test system, establishes a 1D simulation model, optimizes different PID controller parameters
via particle swarm optimization, controls cabin temperature, and compares refrigeration perfor-
mance and comfort. Results show dual-loop PID combines fuzzy adaptive PID’s fast response with
traditional PID’s stability: it yields 0.101 kW-h and 0.147 kW-h refrigeration energy at 45°C and 50°C,
with COP 2.10 and 1.92 respectively, and stays closer to the comfort zone center in steady state.
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Figure 1. Schematic diagram of CO2 heat pump air conditioning testing system
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Figure 2. CO2 heat pump air conditioning system testing
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Figure 3. Simulation model of CO2 heat pump air conditioning system
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Table 1. Compressor structural parameters
=1 ERNEEsY

ZH il
Hem (ml/r) 5.3
K& (cm) 20
EHft(cm) 13
Jit & (kg) 6.5
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Table 2. Geometric parameters of indoor and outdoor heat exchangers
2. ERIMEARILASH

VS AR
Byt Wt ipapae
Ji B (kg) 2.6 25
RIS (em?) 2720 720
AT (m?) 5.8 4.8
ESHBERE (cm) 1.65 6.5
A ERAA (cm3) 4300 4680
Table 3. Geometric parameters of intermediate heat exchanger
= 3. EBARILASH
ZH e L N % R I
B (m) 0.6 0.6
1 E 4% (mm) 5 9
REAET AR (mm?) 19.62 63.58

2.2. (hEHERBIRE

i 3 S 6 A B TR AR P 42 o B B S T UL IR O 30°C 5 23 3 HEAT SRR WF TEAN 117 FLAAN
T A AR R . AR HAI AR . R . NSNS KR T e AR 5%

PEF, IZIAE I R G SE IR E 5 17 FHON B S R

Table 4. Comparison between theoretical results and experimental data
=4 (HESRELHHIETEE

FEAFNLHER 5.3 mL/r, %538 4000 r/min, ZEAMNEE 30°C

TR
S ME i FLAE FIxi5 2
JEAENLIESIRIZ (K) 298.3 285.4 432
JEAEHLEE ST I (MPa) 4.34 421 2.99
JEAENLHE IR IZ (K) 366.49 352.83 3.73
JEAEHLHF RS I (MPa) 6.94 6.67 3.89
BN (K) 324.82 317.54 2.24
FAMIER U T (MPa) 6.91 6.65 3.76
= A HIASHEF R Z (K) 296.15 283.2 4.4
= A HAE SR 71 (MPa) 4.49 4.34 3.34
I 1R 32t IR (K) 323.45 3113 3.75
R K 18033 1 1K 71(MPa) 6.87 6.54 438
IR ZE (%) 3.72
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Figure 4. Schematic diagram of dual-loop PID control
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Figure 5. PID optimization flowchart based on PSO
& 5. T PSO # PID SHARIEE

it FH BA R 28 QS R B R
Vi, (t+1)=w-v, (t)+c, -1, pbest, —x; (t))+c, -1, ( gbest — x, (t)) (5)
% (t+1)=x (t)+v, (t+1) (6)
Horb, wRBHERE, c Mc, &% JETF, M, ZREHIEL  pbest ZRT i JiiBEME, gbest &4
B AL E . AR TR, SR HAMARAELE pbest, , SRR 4R A AL E gbest
4. PR MERERBTERR
AT PSO 43 %4 PID XU[ali#% PID AIREH F &R PID 4 1) 2 MU AT T 5 i FE i 45 R A%

HECEL, MR GIAGIRE . COP. IR4iHLALIE . R GEREFEANRe b3 fit & 38 5 T4 5 T AR e i 1 =gl
IRIIRCR -
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2310 2 G0 H ) A R R 5 31 SRR P S I B ) 73 FE VR A PN AN IR SR R ), W AR Bl . AR TG
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Table 5. Simulation-related parameters

=5 TEEXEH

iAZH A B
BRI C 30 35
7R3 Km/h 30 30

3P RARAIIRIRIE C 45 50
K PHAE ST Wim? 950 900
FHXHE 2% 40 40
ENHER m 2.6 2.6

i EL ] s 400 400
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Figure 6. Crew cabin cooling curve
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0.063%, = HillAs AL s, e e SRR IS TR .
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Figure 7. Compressor speed variation curve
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4.4. HIRBEFERTEL 4R

Kl 8 B RANEIHIA TOL N REFERERT R84 . 256 BT E: XUEIE% PID 38 o A% 42 il FR 4 AL
BT/ TORORED s AR EL &R PID SRR 22, HARZRVE IR 5 BUR gL S A R ST AL TR
I, HANGEAE: &4t PID RIRTH S, MEAMEAL, TR 4ERE SR LA 2R R, I nGe
FEo MOBLEIES PID 388 oA A 2 il sl B A 1 i vA B FE

CLKE 8(a) mfl, MIGGIRFER 45°CHY, XUEIEE PID. AU HIER. PID AlfE4 PID 51 BEFE 5N
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Figure 8. System energy consumption curve
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Figure 9. COP variation curve
[ 9. COP Tk phZk[E
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Figure 10. Crew cabin comfort curve
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