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Research on the Control Strategy of the Hot Gas Bypass Cycle in Low-
Temperature Heating Scenarios for Electric Vehicle Air Conditioners

Zhang Tian' Kan Wang' Li Yalun' Zhang Hui' Ruan Xun® Cao Haomin® Ding Guoliang’

(1. Guangdong Meizhi Compressor Co. , Ltd., Shunde, 528333, China; 2. School of Mechanical Engineering,
Shanghai Jiao Tong University, Shanghai, 2002401, China)

Abstract Winter heating of passenger compartments in electric vehicles relies on vehicle air-conditioning systems, in which the air
outlet temperature must be rapidly increased to the set value. These systems typically adopt a reverse Carnot heat-pump cycle, which
does not achieve sufficient heating capacity in low-temperature environments, thus preventing the air outlet temperature from rapidly
reaching the set temperature during cold starts. To ensure that the system provides sufficient heating capacity under these conditions, a
hot-gas bypass heat-pump cycle was used to replace the reverse Carnot heat-pump cycle. By bypassing the refrigerant from the high-
pressure side to the low-pressure side, the suction pressure of the compressor was increased, ensuring stable operation of the compressor
under low-temperature heating conditions. A staged hot-gas-bypass heat-control strategy, with an additional exhaust throttle valve to
reduce the time required to establish high pressure, is proposed. A simulation model of a this proposed system, using R290 as the
refrigerant, was established, and a test bench was built to calibrate the simulation model. Using this simulation, differences between the
hot-gas-bypass heat-pump cycle and the reverse Carnot heat-pump cycle were examined, and the effects of the optimization strategy were
verified. Under low-temperature conditions (-25 ‘C and =20 °C ), the proposed system achieved better heating performance than the
reverse Carnot heat pump cycle. Relative to the pre-optimization control strategy, the proposed optimized hot-gas-bypass heat-pump
cycle control strategy reduces the time required for the air outlet temperature to reach the target temperature by 36%.

Keywords automobile air conditioner; hot-gas bypass cycle; control strategy ; low-temperature heating; air outlet temperature
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B al/s

PR 55 T AT AT B AU B0 42 1 R ek 1) 2 U8
BURALHE : D AEW R AL B B, T B S ] BB
2) FEHI AR B, HESUE ) T B e e 2 [ o, 75 22
PRUEHESE SRR S v BE/IN, [l T S T g

R T PRIE T 5RO AE IR T AT A, 25 A
B e KGR B I 2 e T ROEE . AR, X
T BETE 39.4~48.5 °C, 3R Bifig B R4 1) & 18
PE . ARSCHEI 45 "CHE I HEAE, I8 KL 36
245 “CHL AR IS 258 bR
1.3 MBI RGN E R EG R

TEVI IR ALY B, R 46 ML 4% ] 2 5% U 2 o 2
TR RE 5 Y A IR RN B S R 1 0 6 T
PREEREE TP BT, T Uil B E R RS HER
R 7 B PR gy DRI A 20 [0 B 114 7K A 1 G P
It H ML ARAE [ AR 8 1T

FEH AR B, e R G HE SR 1 B3A 8] T 45
EH. B, A T IRIERGENRRE BT, T5 B R UEK
SRR B EN, o B R R 2 R RS
JRH, DRIk DA 6 3 1 3 R A R A o E b B
553 1 R 1% 4 X S T R I B I R 5 X T
REHAE D) HEAE T M g AL 1 R e
JE 26 HLIA M BE LA L 2 G A7 A B, PR bl o /K R
Bl S 11%) 92 ) 6 HE SO 7 R T P R R O 3
GAH . TEREIF A — B , XU EE R W
T, 785/ R T H 5 HRAY 3 ARCRAS

BEAR o DRI, A6 Xl B2 B A48 2 (S, 75 24 R X
A (E, DUNSR f0E 18 e A i R 52
H XL B2 B T 2 1

LRI AR 55 36 A B AT PR R 4 2 T A AR
il FA T3 T A AE P IR A2 1) F i e b mT LS S
HEAT 55 8 R PRI R AR GRS 7 LA R
2) il AR5 T R OR A R R ST R B B R
M S e S 1 T SR o W T AT LS BRR R ) AR A
B B B R P 25 RS S R Bl il e
AN HE AU I 45, O B 2 ST 58 B B IR PR A e
XIS B AR AT 5 X T3 A PR R AR AR ER AR SR
i AR B0 R I 2 A 4 T SR WU L AN [ )
Pl R IR AT A

figp ke - 3 2 A [R] T4 R+ 1) 1) P S e Rt
Frbpse , g Sr n] LAASE s A7 ELAERR A P05 8 2L H
IRAG PR 5 2) XPAH PR 10 5 B 2 50 i 1 I K i
JEE K IR i 2 A P o s AT LA, SR T ) B 3

XHGER b 2% A0 A S 90 K A b s T A
ST N B 05 B, e AL R X R AR AL | T K
AR XL R S br g, BRI 2 LA 2
o RS Y R T R P A ) P RE X
O UL 3719 o o AN [ B A2 B 47 o SR s EA T4k, v
TR RS, Al USRI 2R GE A il U s %
HARWLE 47

2 AR EBEARBEIMIERBEET

S S5 R IR AE IR R e A & R R
ML IR I s RHLRIK SR, R SO X
TR AR Sy S AR AT U .

2.1 A REV M ST
2.1.1 EFHENAERETL

FEARALE AR A 1 15K S8 S HE % B HE
AR BE VA R T R R R 4R ML R e AR
J e ST AE 5 AR L BE RSP O AR = (1) LR (2)
FiR

dmv()mp _ .
dt = M gmpin — Meomp, out (1)
M omp = VenPais
dT,.
dis _ -+ .
M omp €, vef dr M oy, b+ W= mr:nmp,nmhdis + chmp (2)

T s, AR BIL Y 0BT L K5 1y 0 Mo
G350 AR RLEE ) E SR i ks 5 Vi, A FEARALE
AR, m’ s p, A FEAEHL TR L kg/m’ s WA R4 AL
IR, Wie, A HE I, )/ (kg K) 5 T, A FEARHLS
JR— 3 J—



il

R 1

FELEE |, K b 23900 0 PR BILIE 1039 500 A
18, J/kg; Q.. J V57 5 28 S e, Wo e Al
A3 5 R 2 2 e R R AT T3 sk (3) #0
(4) 7 .

2
: / /
mcomp,nul = [(lo + a]f + a, ?
b b

(3)
(a3 + a4psuc + as pdis ).f:bsucvcomp
k=1
W — m('(ml[xnutpsu(‘ . K (])dn) _ 1
P k= 11\ pa (4)

(b + b, pae + bypy.) + by

K f R RAENLIZ TR, Ha s f, S TR AR AL AER R
60 Hz; pyp.,. o3 50 4 EAG DL AHESE T, Pasp,, N
FE 48 LI U BEE  kg/m’s V., R TR ZE LR, mL/r;
R ZABHRE WL 45 ag~as by~by TN FREL, AR 52
BEHEME155] .
2.1.2 BT MR E ST

F G5y 3 BT I HE T U IR RN AR S5
I 27 R TP T R I IR o H - MK o 0 R AL Y R SR
SRR O B i, A SORF L K R Y 5 3L
b AR R AT U, D Y BT AR A R
A RBARHATIHR S, = (5) iR,

Mooy = €A 200 AP

APv:[CO+Cl(

e

2

0. 0.
eev ) + CZ( 0 ce

0.

£..=0.02005/p, +0.634v,,

o, T IR R B R ke/ss €. MR &R
B A, AT I K IR TR, m?;p,, A FL TR AK
PO B kg/m* 5, 4 HL T I K TR HE 1T 2%, m/kg;
Ap... o H T I FE R , Pa; O Sy o TR Bk 132 47 F
50, o N TR K IF 5 D, W I FLAE  m;
co~c, UG AL, il LI EAR A1 2
2.1.3 HIMAFEBAE T

F G5 P B W AR L A R T AR R AR A A
RPN fofE I B AR R R K RN A R TR A
M g PR AR A AR T 4 A

T T8 4 PR A A 1 SR SR 38 KA S 1 3
i R DS, KPR SPE TR B
SPE R ARSI R A Bt (6) ~ 2 (8) BT /R

dm

(5)

21 mD,,
)*1 A

water __ - .
de = Myater,in — Myater, out
(6)
dmwatcr — dvmiuro + V dpwalcr
= Pyater micro
de de de
pruler = pwalcr, in pwalcr, out (7)

p V ) dh‘malcr _ V ) dpwal T _p dvmicm -
water ' micro dt micro dt water dt
Qmi(',l‘() + mwal(-[, in (h\\alcr, in - hwa'ﬂ‘ ) - m»al(-r, out ( waler, out - hwal&r )
_ (Prserin * Prai.on)
DPuater = 2
h\\ater = (h’walcr, in + h’walc[, out )/2
(8)

2 m,, 8 TCE T RS K BT kg e
1y stor o I3 90N A FHGE T 40 PARS E 4 11 T 6 3 B, keg/s s
P HIKBEFE  kg/m’; V., AHGETE WA, m’;Ap,,..
SRR TE AR TR L Pas pyee o Psir, oo 730 A TG I
e hgs it AR T, Pasp, MK T Pas by s
Reer i 5390 R SUGE T R PR T MR VRS, D kg5 b M
IKKEGAE L Jkgs Qe N K FIZS SRy P45, W, R H
&-NTU J L rit 5", an=X(9) s .

Qricro = 8(’T‘lcp)mi"(Twa[er,in = Tyi)
& = 1 _ ,-NIUu
1
NTU = UA (9)
(n'lc, )mi
1 O pier 1
A — + micro + -1
U ( gwulerawalerA )\micruA gairauirA )

e PG T, i T 73501 R KA 25 A0
(E FHREE K U BRI, W (m? - K) ;A R
PR, m? oy, e, 2B R KRS S0 B S AL TR
LW KD 58, o L 3 R 7K RS S A AR
B8 IE R B A, R IO TE RE S R B,
W/ (m?+K) 38,..., A (0 8 BE R, m.,

i A A A R T V2 IR 285 AT 3 Ay BRAH DX
FHIX o BRURH DX i BT R 1 SR S E L F5 v 350tk 1
T TR AN RS Y B S
T Bh P E D7 R B S E R 4 an = (10) ~ 5K
(12)Fis .

dm, . )
— =m.. —m.
de bout
dn_ W, 1o
a P td
AP; = Piin ~ Piow (11)
dh, _ydp  dVe
p.Vi d Cdr Pi T (12)

Quea + 15, (hiy = hi) = 1 (B = he)
AP m BRIV SR B kg s m b, 0901 4 B
A DAV 700 A E | TR R kg/s s p, g SAH DX A 42 77
(58, kg/m’ s V. R BRAR IX 4% 1l BROT AR AR, m?; Ap, ol
FAR DIV TR TR, Pas p, iy o 70 00 A SRR DX 1 40 1
#E R T, Pas p, g AR X V& 5 T, Pash g,
P 3 R BT DX ¥ 700 2 L HH VRS AL, D7k s by o AR



g B S ¢ T 1) P A 2 Rl A R 0 AR5 TR R AT B 42 T R F 5

DXV TR, T kg

PRAH DX A R R S B 46 v 00 i s A
S o VA R T S E O R L RE S E R 4
K (13)~2L(14) Fim .

dm,, Ca
tp,in tp, out
.y W b (13
mlp Ip tp, out tp, in
= + vV +(1 =-y)V
w Pvg Py TV,
d(p ot on) d(p,.why.) dp
V p, out” " p, out + 1 _ tp, in" “tp, in _ tp _
lp[vidz ( v)idt 0 |
dVv, . .
ptp dtp = Qheat + mlp.inh‘lp.in - mlp,olllhl[xuut
(14)

o m, S A DR R T kg my, iy o0 230K
A DX A 300 kL D kefs sy A LR B
Prouin oo TN A B AR XV FIE | FT5HE  kg/m’sp,,
Sy PR A DX i) ¥4 350 R 45 B keg/m® 5 V, SR TR A X 4 i 2R
BIRFR  m’ s hy, o 53000 R DXV S0 2E LR RS (E
Jkgs p, HWIAHXEIEH R T, Pas Q. K il¥8 I FIK
FyHe e, W, = (15) iR o

thal = UAATlm
AT
AT,, = (AT, - AT, .. )/ In (-
Im ( ref waler ) l’l( ATWIer ) ( 15)
— 1 awall 1 -1
UA - ( {:’efarefA /\\\allA ¥ gwalerawalel’A )

K AT, ARECE R 22 K AT, SRSl FRIE |
FHR 22 K AT, K R 22 K o, 8 iV 5
B X FALE R, W/ (2K 54, M A 00 % i 4%
R BB I R B A R O R
W/(m?«K) 38, A4 Ao BE T, m o

2.1.4 XA R AKRIEBBE L

RAHLE A B () R R S HCh S [, R
M= (16)#ATiH5A
n:Lfan = pah'Gfan
Gfal'l = g(Rfan)
d=060 2 r.)
po®epl) (16)
11
p.(T) = p,.exp [Cl(H - ?)]
_ P 1
Pair = Ra T "1+ 1.608d

Arpmy, W RALE T E L kg/ssp,, WA UL,
kg/m®; G, R IRMLZ SRR &, mY/s 5 ¢ s SARFRR
1T ML 3 1 5E 0 2R 5 Ry, W RHILFL 3 1/min;
d N BT 5 T2 A K ZE TR, ke/kg (T2
)3 @ NIRRT FHREE K 28 340 R
18 5 p.(T) MK ZES 53 K, pasp MRS S K, pa;

P NS ZWMIET] ,pa; T, WS HIWE K;C
Antoine %0, BUE b 5 423 K; T WiE23 < R ¥ ,K; Ra
R EMHE R (kg KD o
VI3 PRI E RS e T [ R AR
KRR (7)) BETHE
G = LoV Ry (17)
X6, WREERBG &, m¥s; £, WK HER Y
BIEREG Y, AKEH R, mLAs R, K v/
min,
2.2 AR EFBERRRBEIMFERB ARG TI
HRAE A 550 BRI R G i TAE R, I
R A ] 7E AMESim B3R dE sy A5 IR
5510 B PR AEAE PR ELAREARY, e 3 BT R o
s VLT
Fo-On :

5
B
W
R
[

B3 S EE B REINMEEE
Fig.3 Simulation model of hot gas bypass cycle

3RS EBBRRFEIMIERE LS
IE

3.1 LG AZE
i 1 %ot S R S 0 S RE R R IE
IV 5 30 AR AT AE I LA T SR e (4 R v o AR B
S G BT ARG XU A e B HE R T 4
B, X5 B R AT RA% AL
TEEAME 4 PR, SEEFEL R290 #4055
AT LSRR ARAL 1A E R R 1A
HESCOW I L LA S5 I 1 AR 1 v
R 5 _



FioR

o <Zat| Yo
LRSRHL; 2 BEETHR; 3IVISHEI; 4 XL SIRBER S — B
O EERIIISBL; TAKAE L SARINE; 9ZR%cdR: 10KHE2; 11XML2.
E 4 ASEEB R RIBIFALIE S22
Fig.4 Experimental bench for hot gas bypass
heat pump cycle

F1KEHNAER
Tab.1 Specifications of the prototype

HE 28 HifE
AT AR L Hedt/(mL/r) 33
Bt L2 /mm 2.1
HA I fL##/mm 10
PR 55 fL#2/mm 45
Hilt/g 1069
ZRUL 0.7
st Bt /g 1.6
(fErebtas) BT B mm® 31700
e/ E e Bt /g 0.4
(fEhy 2% ) BN AR A/ mm? 31700
KL HRUL 0.5
K Hedit/(mL/r) 3

I T 0 A AR IR AR PR B T 3 B =25 °C
-20 °C. R o7 A PG BR 0 45 S 8o 3k 2
Fis
3.2 AR B RIS B IR IE

I P S 56 0 49 ) ) s 4 AILABE 7Y | Fl i K )
TR Ho AR | KBS B R K SR R A7 40 5k
PR o AR XTI S0 T 00 (S8 56 5 4 B R kAT
XL, e E A Y 8 ME B
3.2.1 [EFGEINARZ RS B IIE

JE 4 MU AL e ) (8] 05 28 BORR 408 52 90 B 405 15
6 —

i
R2 EHIBHF
Tab.2 Table of control parameters
FHiYas ZH
Je4ipl §%3% 10 000 r/min
ARG YRS 1 0.65 MPa
R UL HEFFIS AL S °C
HE AT EEE el
P& AEFHERUR 1 2.5 MPa
KL TR R K ZE 300 m'/h

B o BEHCT OO R4 HLES 3 1 000~12 000 r/min | J&
He 2~15, MR B4 A 8 43 4 . ol T R & 2% 3
v

R3IEHFNFZBREIHERREY
Tab.3 Regression coefficients of the semi-empirical

models for compressor

KHEBHL EISES Hfl
a 50.763 073
a, 18.043 390
a, -6.268 660
FEA P
a 54.088 415
a, 0.0056 38
a -0.001 668
b, 0.428 286
b, ~0.000 731
JEAEHLIIA
b, 0.000 182
b 723.188 836

JE 45 BL 3 00 00 (B 5 B i e R iR 22
9. 1%, P21 224 2. 82%; [T 45 LI R B R AH 5
AR KIRZE N 18.90% , FIRZEHN9. T1%.,
3.2.2 BFBKRERNEERIESRE

FL, 152 Al 1 A5 A8 H g [ 1 2R 0RR 4 51 50 %k 4 400
BRI, EECTA R FREEREE 25 °C, Wik 0 K J1h
1 MPa, i F1E I3 KSR, 53 i X 32 3% 15 1
HEAN IR A S5 X e A A B A I
TR . v 3 1 3t i Dl B e 30 4 L HET IR
WSS 15 2 AR 5 I R 15 4. 1T
FENFR 4R

2 %1 I s A ) DU S B R R K
R2EHN 5. 15%,F IR 2R 2. 46% ; HES TR I 2 <
i A S5 T Y B R 258 6. 73% , ~F- Y1
FEH 4. 12% ; VR 55 I 23 A A S5 1 E
H e KR 22 14, 12% , IR 228 9. 41%.,



g B S ¢ T 1) P A 2 Rl A R 0 AR5 TR R AT B 42 T R F 5

x4 BTFRKEFEERENEIEREY

Tab.4 Regression coefficients of the semi-empirical models

for EEVs
YEES A4
e
CO (,‘1 L'Z
SNt L) -22.730 7 579.259 3 —242.0450
HEAT UL IR -6.4651 127.5590 19.3719
S 5 1 5.7632 -32.898 0 229.652 1

FE T U R HE AT U R B R A R R
1E R EHT AR AR SRS FEA TR E o e IO R I
I T (PR IR =20 °C) , M) 4 AL B B BT FH B
LA BT o 505 FEHR R T I B B, 36 K
FEAB IE R, I Z /N IE R W), R4
56 LR e A B B st ) 850 A% 07 BRI A 2 ] A 15
R 2.51%, NE 5 R .

40r

— SIS R
351 — SEEGRIRTE S
30k — ViEMEIET
T — ERERES
g 25}
>
= 20f
st
1.0}
0.5 V__//\R
\

0 0057, 0.107, 0157, 0207, 0257,
Hifi)/s
5 BT EPEARE L R
Fig.5 Calibration result diagram of pressure drop 2for

electronic expansion valve

3.2.3 HASFEBNIRE

T T 8 T R AL ey 2 S0 R KA %) %o A
A TE RELL e R LI E AR E 1 5 . BEH
RUIGHR T (FRBEIRIE 0 °C) , IR/ A A 2s <0 1) 46
g, YRR 0 by B T I A I e X
PIEIE R, R Z I KA AE B TE R 8. broE
Je , e B 05 BE S5 I ME A i KR 22 2. 87%,
FEIRZEN 1. 26%,

M A TR AR AR v A SR KA ) X6 3 AR
PAETE BB o Lo RGBS B AR E 1T 2 HEHUM
RUICHR T30 (FRBEIRE 0 °C) , Il v& 70000 5 7K 00 iy
et | FOREE o SR i O ELE R T
BF Ul N I A% BB TE R A, T 2 3 KR A Vi T
R bR 7 BRIt 0S80 4 BAE S
RAE A B RAR 2 M 1. 69% , FHJiR 22 4 0. 99% .,

3.2. 4 X#HLFAKGRIZ B FIFRE

AL Y | 23 SRR UL 1 G T XUAIL 2 1) o
B F g MR S 00 B b 19 31 . o8 L 7R ) I Ui
T (REEIRE =20 °C) , MR RUHL Y 25 SRR
FERBLES E KU, 25 SRR 1 19 O 0B R T
TRAE I Wl g e S0 ZR B, I 2 B K i R A
b Ja , P AR B RS I KU BRI 8 ) 5 Ll 5
MR AE 19 4150 2% K 6. 67% , B KR 254 8. 33%, 1l
6 iR

400 ¢
w0l — (FELHUR B
— S XU
= 300}
£ 250}
|
% 2001
Eé
2150t
>
5 100
50
0 027, 047, 067, 08T, T,
B /s
B 6 KALXEIRE LR

Fig.6 Calibration result diagram of blower air volume
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