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RESEARCH ON THE PERFORMANCE OF
THERMOCHEMICAL ENERGY-STORAGE HEAT PUMP
FOR ELECTRIC VEHICLES

ABSTRACT

The existing electric vehicles (EVs) have limited continue voyage course with colossal energy
consumption in air conditioning systems (AC) and battery thermal management systems (BTM).
According to the different sorption and desorption capacity of ammonia in different halide, using
the cold and heat generated in the reaction process, a thermochemical energy-storage heat pump
(TESHP) for EVs is designed, which effectively utilizes the municipal power completing the
purpose of energy storage for the TESHP and the BTM, and avoids the energy loss in the process
of using energy in the air conditioning system after charging the onboard battery. Since the energy
waste in energy conversion is reduced, the consumption of onboard batteries for the heat pump is
reduced, and the "zero energy consumption" of EVs is almost achieved during driving. At the same
time, the COP of the heating system is 0.94. Besides, from the theoretical calculations, it can be
concluded that the TESHP can increase the continue voyage course of the EVs by as much as 63%
in winter. The power consumption per unit load mass per 100 kilometer can be reduced to 4.58-9.60
Wh/(100kmxkg) is lower than the lowest value of the 30th Chinese catalog of new energy vehicle
models exempted from vehicle purchase tax, which is 4.8 times the continue voyage course of EVs
after replacing the system with onboard batteries of the same mass while reducing the cost of the
heat pump for EVs. TESHP improves the continue voyage course of EVs, reduces energy
consumption for heating in winter, increases the development potential of electric vehicles, and

facilitates their large-scale market promotion and application.

Key words: electric vehicles, thermochemical solid sorption, resorption, energy density, continue

voyage course, heat pump
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2.3 Az NS T E RS

T T A TR P S R AR T o R R A A e A RS 1R BT
B P S5 A EL PR, R 3 i e A 40 e e A T o A S 2% 224 R ) Ak 3B 7 R
oo BT A S B2 F— ZR AR R AL T 9 T A 47 i 28 BRI LR, R] L 7 o
SN2 B TGAE 2 TR ) e A o L A AR E R B, R T DR A B R RS G A R
PRI O S

R T B ok v IR A SN 2 R G HR ) RN AR R R AR R DR R AN T S R AR,
NT ARG5S 2 B B R R, AR THIGE T 8 158 B9 S 1E =il o A4 s B2 B
TCAE AMEE () A R VR I FIE, T2 SR T AT DURCE T il o A I 38 B G R O B
() LI B A AR - [RI, 3 i ) 5 S 486 O N5 2 A S ) A I3 T PR 5
A DA 2 e e A 42 S I 8 B G MG T o A 0 S B 3 R T R R SR AR BT H R AR AR S
B, Wk 2-1 Fis.

R 2-1 Rl KAL) ROSLAS B0 E AR s ) R RS T m&w£x¢¢

SN 2% B TC A R T CERIIET = & B IE AL E WHREL
AR Y R NS OTE MnCl H HE=A 113
IR A S N 38 BT CaCl, ¥ s — 100

Ve BT R B B R Ry DL 4 A R T AR P2 I R AT A 1 kW (+0.05
kW, -0.1kW) [EsLEn#E, HEAN 12mm (H0mm, -0.2mm), KN 350 mm (+2
mm, -2 mm), e MRGRER 300°C. BRI s 1b Y I B 28 B G oD AL ) TCE A N AR

o6 Ul 4k 29 T
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-“; SHANGHAI JIAO TONG UNIVI:R\IIY :M'ﬂ:%ﬁ% ifﬁ,ﬂj]/‘\,i*nzﬁﬂl] I‘E ﬁﬂ:gﬂi

73 12 mm, AME 16 mm KA E VN RN 5 i )AL e, Ve A
R ngE GO SR BRI ABORT 4.15 WK FHIREENE S ED . ARG
DUAL e b A S N BT AR A A B ORI PR 7 A 5 282 22 I e R A
B, TR SO T o A S ML B AR S R IR O, = AR A I 7 2 )5
X HITCE TR e 2 A, BT E AR 2-3a Fram. ARl s S B gk P AR 1k
VoI Bias T LRE 5 BRAR BT AR S A A TR K, 0 HANEAE AL AL F R in 34
PR AVE TR BUR RO RIS A it U7 58, RO Ab B RMCE AR POEIE, Wi 2-

3b 7w
S - fEEE
?%/,%mm% feREE
m//
= /

EREE
N
"

T fEREE

(@) (b)
Bl 2-3 RNESEITELEM ()RR SR P (b)IR YR SLas

PR T IR T, S IR B A B o AR I e 2 B, I S R I I A 5
T B LU 6:1. [RIINT, ey I o A ) s 7 25 B G/ R I B TR R SR 78 % Bl 600 kg/m®, I
TEL A S N 2% BT B HE TR B 800 kg/m3. JETHN L) FIRMER 304 TCLEHNE AR
S, TT 43 AR BT T il A A B A B AT B A ) S I 2 B G R T AR R
SN 2-2 fFE 2-3 fin.

R 22 BB RNERBETTE RS
EK 370 mm, WEFFIEE 350 mm, HNPVEBET 12 mm,

LR IR PVE BE IS 2 mm, & IUIEIESME 10 mm, A UEE NS 9 mm
A% /mm BE )& /mm & @ i E kg Wz Bf$ 751) ot £ /g

Hl1 68 1.5 1.42 0.60

H2 76 1.5 1.56 0.79

H3 89 2 2.19 1.10

H4 95 2 2.33 1.27

H5 108 1.5 2.15 1.73

R 2-3 KRB Y R AR TTE RS H
B 370 mm, WEPHFIEE 350 mm, A& FIEEAME 10 mm,

LR & Ji B TE A 42 9 mm
AMZE /mm E¥ 2 /mm &JB R /kg W i 751) 5 2 /kg
L1 68 1.5 1.08 0.91
L2 76 1.5 1.22 1.15




@) X ELArY

s/ SHANGHAI JIAO TONG UNIVERSITY P FERE BB SR E MR MR

43223
K 370 mm, WRFHFIEE 350 mm, ALFUEIESME 10 mm,
LS & JFUEIE 4% 9 mm
AME /mm E¥ 2 /mm 4 )& i B /kg W B 5510 5 £/ kg
L3 89 2 1.84 1.57
L4 95 2 1.98 1.80
L5 108 1.5 1.81 2.40

BT 2-2 R 2-3 R IBUE, T LASRAS il s ) S A B TS R R B 7 S R Ak
Yo i BT IR M IR BT R L . H T PR s ) S KR A SR B O 601,
AP s 771 i 2 8 5 RS 75 PAY S 2 s A VDO B B, TR 244,

R 2-4 "R KUY RN EIUE SRR X RN R TTE A SRR

RSt H1 H2 H3 H4 H5
L1 0.67 0.87 1.21 1.40 1.90
L2 0.53 0.68 0.96 1.11 1.50
L3 0.39 0.50 0.70 0.81 1.10
L4 0.34 0.44 0.61 0.71 0.96
L5 0.25 0.33 0.46 0.53 0.72

R 2-4 AR 2-4 BIFESEE, H3 5 L1 f4HE. HA 5 L2 A& F HS 5 L3 4
G A MM RIRAE, EF0T PR x4 e v 28 508 Bt — B AR IR Ik 2-5 B

F25H3I5 L1 IWAES. A 512 HASH HS 5 L3 AES N

5 &)/ E R kg WL PR 71 T kg B B 77 A/ < o
H3 A1 L1 3.27 2.01 0.61
H4 1 L2 3.54 2.42 0.68
H5 1 L3 4.00 3.29 0.82

EEEERET, HS 5 L3 MAALEH3 5 L1 AR HA 5 L2 A& e T
22.28%A1 12.72%. {EM P57 5 &7 1H, HS A1 L3 fZH AL H3 A1 L1 4LEF1 H4 A1 L2 1)
HEDMNE T 64.10%F 35.87%. MR 55T B A48 i &2 L A v WL, HS F1 L3 1)
HEWH3 S5 L1 MAARM H4 5 L2 AE D T 20.54%7F1 34.20%. 2565 EHRENAE
R FIAS it B 1 7 SRFD 2 R A B HVHFE, Dk T HS 5 L3 < I B2 S o & i 40
G, BT RS .

2.4 PALAAEBETY BV VR 2 T

FEO B RFIR O, JF 27 1 RIS a4 R A I TR 4 4 3R A R AR
JAE N ) — SR 2R B BE R TC I 2R A L, ARSI HF ELX R 1 PR R] BE O A A 27 i e TR i )
AR 2R E

My BRI BT B0 /7 A AR P A 2R B RE S0 R K BT IR AL T T
fE o (R, TN AL A AR, AT G o e SR 4 AT Bl b 5 B i
FELACAE B S LR P R AR, TR 5 S BUE S 2 (& ORI, A AR h T

o8 Ul 4k 29 W



B/ SHANGHA JA0 TONG UNIVERSITY AL SRR B R E AR BT
A FUAS 1 H PSRN S A SR FE R RS RE . R, T 8307
A2 RS e, AR ERENL B O A 28 17 E LUK SR B R s
R, ATTAS BT EE 25 2225 ] DL B 2T 100°CHIA R Ge, LB S 805) 77 H it 1 #4K fT
Sl BN 7 H R BE 3Rk, L2 Bl Iy H i E AT ZE BN B BN B e A RN A 2 A SRR 1)
b o

AL ENE BRI R BUR A6 R IR O 220, RIS EN G &M . Xt
TN SR M S, HAARRES A 400-600 L L AN -5 24T EC B ik 22 i rE AL fE ik
ZEINGE o[RS, EH T A IR B #2841 2R s 4 R AR SO, T AR R 5 2 A2 . R,
S IR ARSI 2235 5T I N AL, APRIELAEAE R0 B K 2-4a B
7N

SRR N ER

(a) (b)

R EEZZRFIRFRBONEERS; TR _EREAGHNNETRARERNER
B 2-4 BALEBEREEZIRERAR @QFMZESEE O)RGRITHE

W 2-4b FrosfI RSB, A s A S ML O 3E R I R LS XU AT
BRSNS R8s R H XU T 5 4% 48 re sy 2 I R G KV A, T IR IR
B AL B R 1) KU 5 5 A i 4 FEL T AV B AR SUARE R, I 7T ARG I A0 225 2 U O HR
RARGIAT VI

2.5 LAk RL IR EREIMERE T A X

XF T BRI ECR 0 R G 78 F AR PRI, s A SN2, T T A FL BN
T2 3 = o At 1 IR T O R 2k < e 5 W ) ) S R ORI B e ) 5 I 48 5 I
R AR, s 2-5 .

_ Mcacly
QL,out - Meact AxCaCleHCaCIZ,sor - (mL,metalcmetal + mL,adCad) (Tcha - Tamb) (2'5)
aCly

A meac A& TR B 404 s B 2% B oA R &S 2 (UEDN 1342.4 2)5 Mcac 2 AL
B BE R L (HUECA 111 g/mol) ;s Axcacn & A 1 EE /RIEH H  (CHUEAY 4 mol/mol);
AHcacn sor & AN 5 R WS FER SRS (BUEA 41013 J/mol); my mew A1 mpaa 73 5 2 5F
MR IR BT A 2 28 B G A8 1 4 i = 5 e R B R T & (o BIEUEA 1.84 kg F 1.57
kg)s Cmetal M caa 77 AZ SR ELATE (304 80D SMRFHFAIELIAZE (43 BIEUEN 500 J/(kgxK)F
579 JI(kgxK)); Tena A& FEANR G = ol it 78 I S AR R E (15-35°C, HUEA 25°C)
Bl Ty A A EEIR . CUE N 5°C).




OB SEFSE-

e £ SHANGHAI JIAO TONG UNIVERSITY P FERE BB SR E MR MR

IR AR S AT B O B TR 3 e TR B B A
AR b A YR 4 S D 0 0 i S SRR R, ik 2-6 BT

__ Mcaci,

QLin = Axcaer, AHeact, des — (ML metalCmetal + M1 aaCad) Toar — Tamp)  (2-6)
Mcaci 2 2

aClz

A AHcacn.des 72 B S Z AR FER NS (BUEA 41013 J/mol);s Tow 7 BNV 25K
= A R FEIEAT IR (15-35°C, HUE A 25°C) B,

[FIESS, ST PSR ZRAE AT ) v i e ) S R 2 ) A it 3 R 25 e S5 R B R )
TR JE SR ) S A 4 A SR IE,  ansk 2-7 s

Q __ MynC
H,out M

12 A
X AH, m C, +m C. 1 1 2-7
2 , . »
o MnCl MnCl,,sor ( H,metal “metal H,ad ad)( hp amb) ( )
MnCly

A mmncn TR R XY RS2 UE PR E (BUEN 14793 2); Mynck &3
ER I EE R i (HUEA 125.84 g/mol); Axwnce & FACEL I EERIGIAR & (HUEA 4
mol/mol); AHwmncn,sor /& AL SR NS (HUEN 47416 J/mol);  mumetat T mi,aq 73791 72
o A vl B A P BB i BT 1R 4 B o B S T R B R B & (o3 BUE R 2.15 kg AT 1.73
kg)s Thp re L EARRE AL AR BNIR ZERGE I R (CBUE N 40°C).

Ak, RGP RE R Owin AT LARARE B D0 R B Ay (8] 5 hnhah 2ok &, H
BETT ASEAG AN [0 FA [8] 26 AF R i 245K CoP, sk 2-8 Fm .

[(rA)ATdE

Wheatertheater

COP =

A n RRMHARE (KW/(mP>>K)); A A& AR (m?); AT 52 RS 38 e #
BZE (Ks t R RZFAEHXTIBITHINT (8);5 Wheater /& FRIIFE I IIFATIZR (KW )5 fheater &
H IR (1 D FABT TE] (Do

FETFRORIIHT, A SN TG B 4 mol/mol.  FH AT LAAY Aot v T i Ak 42 S o7
A5 AR s A4 I SR FEAT 0 AT o AR AL S B85 B — R A1 845 L3 (942K 85 mm, 4k
R 89 mm) R ITE MK, 1Rl = A R N A U B — R P ES HS (AN 105 mm, Ak
28108 mm) T PERAE S 1 kW [ EE N #A0E 1 B 2H Rl

X 78 B IR, RS i e A 2 B G (B 5 FEIN AR BN AR Thearer N 160°C)
FR AR 322kT, AR 2230 kT, EHGELEE 12.6%. XFFATERR 1 kW BN, K
YT 42 S3 Bk AT LA i o ) IR S G E SR AL W I AT R, X — (R 5
BB EDPSEFS S ] (40~45 7380 AVCHL. [F]E0 i F iR IR = e
N EIUE RN 37 K, IR 1984 kI, R 1.8%.

YT ERIEATIERE, AR A S NS T RO 73K, RN 2230k,
b H 3.3%, SRR A 4 S B 3 BT B ACA 3T KT, BRI HACN 1984 kT, B 5 EE 1.8%.

BAE 1 /NS B R ) B R B EH 2 3 ST, EAS 2 AR VBB B L T, ITIA 2] 599 W
FIRE BB T, IR ZE I TR TR ATIA B 541 W, i VA 41217 I fth G4 Bh
RN ATIAR] 541 Wo £ ARG I B EHE UFB 7 e B Iz 1gm, HT 2
FHELRSL R, 0 3R 40 B FAERE T 28 DA R AR B[] 4% 1 B4 A

2.6 LAk RERL BRI T 1220

TR T B2 IR R IR A B A, LA AR Rt — D S H R br. ££34
Sz, BISERESRAES S ROATE, (R ARRIEA, SRR 25—
SEHAT:

(2-8)

AS, = AS — AS; (2-9)

2010 70 4k 29
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ASf — QH,in _ QL,out + QL,in _ QH,out (2_10)
Theater Tcha Tpat Thp

o A4S NP BRI R (T ARIEIE MiE B, 1 BRI s S 2
Tk, WOHUEN OKI/KDs ASe F#R A 2 FER BHAE BR b e R B 7= A BRI (KI/KDs ASg
b2 P B AE 2R AR RS (KIZKD

FH 20 2-9 F1K 2-10 AHERF BIA IR IGH L FE 29 09457~ 0.998 kI/K, KN 277.6
kI, dEHER 4.6%.

2.7 AR/

A AL 2 BT R () 7 B, PEARBI ARG 1 FAA0 5 PR B B (0 I MR A2 B 1) T
PERE il i A o0 R 5 A2 S BB AN IR 28 & IR R0, F 5 AR R Gt B H
M) (FACERASEE) LA, R T Clapeyron BIEES & I RE R A FE 2
T 1 SR/ A RO R L

FESCIERN b, 255N T KAL) 304 AN JCAEENE 15 N I & U B2 405 P Fh s 4L
Y5 Z B R TT R, 1921 1 B A A 27 PR B s S B o A 2 B 8 2 B T LT T
& (H5 f1 L3 Sy I Nas oo A6, FEPAHONIERIE RS 136 B0 1 AE P fh
TARREAN, il A4 s S 4 B o R I el A ) 7 2% B TG A S S AR A, B e Bk
TR R . LRI A e, JRRE T ARG =R TR T AR (cop)
ITHEITIE . Meah, AT TR B M E I T AR I AE RGRAE A 1457 R4
ik

2011 7 4k 29
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) X FAALS
NG

UNIVERS AUF R R RS AR R

s/ SHANGHAI JIAO TO

F=F MMUEERE AR EARIRKRSAHEE SR

3.1 AAEE FE IR PR AR PR B 7R 1

AR AT SARE 7E, [ 40 52 A W PR TR B 285G 1 A 2 B 7RO PR AR PR B KRR R, R ARORAR B
FBE R T A2 W R0 0 A A TR PR, DRI, SRk 2k e AL R BVR ZE SO T 3 F& Uk
Bl B A ) [T A 52 A W PR R o 3K PR e B 75 ) PR A o 5 T R (ARG D, i 3-
1 Fs.

B, FRRE S IR R A3 ST AR ARG EK R, S K . 2, K
f1# (ENG-TSA, Expanded Nature Graphite Treated with Sulfuric Acid) #InEEH +
ISR E . MR BT RIRE TR, o W B 7 S Ay BT AR RR I i R A, i S
KA SR s R RN 6: 1. HISREZ)G, KPRHSOE IR B 1 LA 160°CH iR
JENRIRIET 12 /NI SRV, B BN Bt B O B AR I R, 8 TR LA i
FAY o 5 J 4 [ 1 52 R 90 RO I e % 0o L 1) i A B R i o FE e, il T A S
P rh AL 2 AR IR TN 600 kg/m?, i s A0 S5 N 4 Ak 52 A B R AR RS
AN 800 kg/m?.

Y f ENG-TSA R
3 wBE MR JEH

MnCl, [fl 4 7k 515 b 1)

(b) (c)
B 3-1 BT SRIEHIE () IS AE 6 2SR b)EHEE
(o)l P B A6 B VR B 511

o127 4k 29
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3.2 bk RER AR AR I R G d

DI 2 Ak e R PR B AR i R I A i/ SR B T ) AR R RE, ALk
TR T — R R B R AR 58, Wil 3-2 o

%
AN
JE S IR a% 1 ER 1)
JE S48 882
i
e

L 52 758 T S
MG 10 L0 78 3 T

H A He
T B A 7 2 MG B A 7
o A AT

\
\ : e LT e—"

S |um

(oo

®)
A 3-2 AL MERE R SR ERFE N ZRINSR LT (FE BB (b)ZhrE

%013 7 3L 29 W



.»7‘ 3 - x> 4 ‘\g
e LSRR T AT OB ERS

IR R G £ B A RAR G P EINRIR LIRS, — A il s e S N2 ot
B AMIGIR A S B ES T DA R s ) S B T E I a2
B E RS T HAEAEI], A= 0-1.6 MPa, KN 0.5%FS fIE i E &,
—ANEFEHN 0-1.6 MPa /)R A — A AREH D . Kb SR T B Bm 5256 i B o
HE A A OL, AR IERES 1 AT F IO s i s A S B 2 BT LR I 0, T AR Ik s
2 A TS AR B A S 9 B TC T AR 0, A B A ) S5 I s BTG T2 A UL
P IR A 20 99 22 A A AR AR IR T HC SOZACIR S 5« BEAh, e 2 Al 6 s el
B TCREAT L R A TSI R R AT

3.3 LAl RETY r B IR AR PR S 6 I K A e N 0 R

FESEI ORISR 5, FTOTETIR, K5 P B AL S B2 BT — I e I A LB AR
AR, 2R R e R I FE & 1 A AR s AP S R8s ST E R BN S IR, T8
FIER G R F A I BRI o I L A S I P SR AR iR -

(1) PRIFERIRAE TR PPRZS, FFATTAT IR, DABEAT MR b e e B B e 8 B v
I o e S 45 B R IR S FE IR R RS, TR R Aia AT I A 3hiR 4 L i 6 1 PR AT A
FERH . UL BG 8 T RO, LA s B g BTG AE A A A AT R
B A ) B L i BTG 1 i TR T RET AR ST Y

(2) FTOFRUANFARFIEF 1R, DAREAT AN FA eyl s A e N2 25 540 8 3R AT MR R 70 ) 2o i
AR o A v U ) B L R T R R R 5 A 0 AT 5 IR s A S R 2 BT R
AL SRS B N2 e SR JE R PRI AR AN I, AT SE AR B o AN B A B b
T B I E B B AR PR EMERE T .

(3) FEAFRSEE THFRAT T EE BRI SER PR, IR SRR AT Sk
.

3.4 AREE/hah

AT BT AL A A R A BV A AR N SR 0 AT RAR B SR Ty SREAT TR
SERM IR, EEQRFELIT L5

(1) St T 58I AT A S A RE TR PR B9 2 IR P Aot Y 1 1 4 525 PR B 770
07 R UURE, PRAL 1 PR ) S R 25 R B TR 6 5 A -5 T A IR A 588 ) 8 BRI R
FIRIE o

(2) FIFH =g )7 sUoE a7 LA RE M s IR R g et 58l 7B
S8 I BT 1 s AR A AN 3R R, IR SE R T SR g I T i

(3 F T 22 Ak RE MY A BV R A SR I B e AT 1 5 2 BB O SERm AR et
FFHs O S e P A il e A A 3R A AR A A TR e

%14 71 3L 20 T



) X BXALE

7/ SHANGHAI JIAO TONG UNIVERSITY MACEEREBEIRERARNOMEAR

FIE K ERe T

4.1 SR S 5k A AT

o UL BT SN 25 R T P ) RN AR A AR L R E sk 3 kW B0E Th R 1R R R R
EN 110V, BB HMMAIIRS 250 W. 8 TR EE FIRERE R T SE0E, 2 RliEse T 70
min, 90min, 110 min A1 130 min FINAES [HFEAT 1 55 8] [A] B8 ) 2552 S50 . HARA SEEe 3L
P R WA 4-1 P WRAESCIR R, BRI A6 4 S 8788 1 s S FEE Ry 20-
26°C, A] DL R AL b6 A 21 5 B IR T i SR8 K

25 1.2

4
—=— |30 min

" —e— 110 min

—4— 90 min

0 —v— 70 min

1 1 1

0 2 4 6 8 ’ 90 110

Time’h

(a) A4 6] /min

5
o
i(;
<
i —a— |30 min
—&— 110 min
—4—90 min
45 ~—— 70 min
1 1 1
0 2 4 6 8 ’ 90 110
Timeh I8 1) /min
(b)
20 0.06
I5F
gam
o =
s 10F R
= &
; 2
—=— 130 min 50.02
5 —e— 110 min -
—4&—90 min
~—v— 70 min
0 ’ L . 0.00
0 30 60 90 120 90 110

Im AR 5] /min

Time/min (c)

A 4-1 7£ 250 W IR THER T A E AT B TR ESNABRE THEHEES
COP ()RIETH (b)HEMEBITFETHR (o) EM AT EBHR TR

15 7 320 W



OB SEFSE-

e £ SHANGHAI JIAO TONG UNIVERSITY P FERE BB SR E MR MR

WK 4-1 Fis, EIAERINHES 184 130 min B, BN RGHAE THE COP i,
TESE2A T il A I N 2 B S R AR S A IR T LSS &40 8, FEIENIRIR <19
S 2R BT R S @A TE RS A RN . A N ARET [A] /N 130 min, ) E T2 A3 A O
ANRETEAHEAT , M T L BR FIIE IR I FE E A A BB 1T 4 mol/mol, JUIIX = Ffin ey [a] (70
min, 90 min A1 110 min) &0 B AT R ) S S EIRD,  MTAEAF 2510 COP 39878

SIS HPER B, SPOEAUR BRI T I G F AR A G PR o T R R R A
PRI B AR R B U, T AR ) i a8 e A 1) S S A SR A 1, T R A
AV ) ¥4 A EEL Yt T AP ) A ) e AR TR e A P R0 S N s SR HE P o T IX R R T L4
MR NKE 2 LA
nclpsor 116 > 1 (4-1)

AHCaClz,des

o AH e sor 7E RACER I SN 18 A 47416 T/mol s AHcacin sor 72 AL ES I S N 48 H 47416 J/mol.
FH T SR 11 5 LS LSS 1R S RHE K, IR AR 2 05 0] () 2= 0 T FRIB A VA ) A4 R AN
FEL A TIARSCR

77T, BT R TGS FE R G R AR S R B T HIN A B R iR e ) SO A
TG RSN R AR, FE TR R 2 I A ) e B A R T R ZE e i T
FEL 6 VA A0 I A 2 IR IR s A S B A G R IR 22 o (E, BT I TGS R S
PRI 73 AR P AR IR LRI E A A B AR i, ST I TS FE A E AR T8 Al
543 F I TR 2 B RAR T I A AR . IbAh, BB OB RREEIEAT, ROSOHE
BB, TR m S R AE AR AR IR R, TS BRI TG R i 2
1E 78 FL I R S BRI T P

4.2 PACEAAE R B R AR AR

WIRTSCHTIR, A2 Re B BV ERGEE T AR BN G &2 . KRR xR
25 465 IR T TS HE BRSO #8551 B v L o A 20 R 28 RN PR BT A SR 1R AR i T L BIR
ZE 70 FLIN B L TR, AR S P P s I B T FRL TR 2R I AT IR A F v e R B A0
T v i B A 470 e I 2 285 IS FIT TS0 PR S R A8 L 1 R BTV 28 1) 26 R PN ok

DAE #is X A, %o A R G AR OGN PEREIEAT T 2B, A&Z= 0 #AGH Hu X P35 < I
— MR 2°C, I EHIAE S ROUERE 2 M B4R R 4-2 B,

Qheat <0.5x Nheat X theater,max X W X COPwin,max (4'2)
A Oheat /& ENVREAZIBATI IS AT (KT 5 Bnea 52T 2 T T SAT N B0iis s AL
IV 25 S5 T BT A B 2% P R TR AR A B /IME. (B 5 heateryman A2 FE I FAE 1 55 K0
PINTE] (s) 3 W RHINAFERIINATIZE (KW) 3 COPyinmax 72 VL 21 RE Y B 5h77 42 02
Pk cor (AN 0.94) .

B XA [ LA 1) B B RN 2 e 4 2 ) RHAE i 2 [, ~P 38 B AR i AL )
NS ITE AT SIS 208 4L, LA, AL2EERE R aliR ERGE M B AR S ot
EREBRZR, W 4-3 MK 4-2 s

V =4 X npeat (4-3)
A VR eI A G LA RE T IR EE SRR (L)

IbAh, Bk 2= iR B r VR R R R #AE 7 At AT B R ) 5 B oo A R (R
KFZR, MWK 4-2 s

DA X AR S OUN T 5, 456 iR P 453 60 km/h 5], EF5F ik LY
116 G I Al VR ZE AT ATRGE ) 3G U0, HET TR FIMRGE DI L8 3176 WB,
PRUEAS Z2 G20 ] SEPE A Ao 7 100 R0 i, v DU B AR DI 2RI E N 3.5 kW X T-i%

216 71 4L 29



B TENT
2/ SHANGHAI JIAO TONG UNIVERSITY A SRR B RS E AR MM LR
ZE59 300 km (ST LR, Z A0 E AT R Z58 5 /NS RIS, BT B A 17.5
kW RIEE 4-1. B 4-2, 42 FI 4-3, KFERFERGuiH/0 T2 70 fREICE, AFN 280
L.

ZRRF IR ERMANA RN, BIuE R REHLIUD T 150 R (522 AN 1 #vh
EAERE R AR E R AR ZI N 600 L) o B, AFEHIE KRG RS W4T .

160 3000
]
L _‘_Q}el 3
Wr a5 e L2500
120 o
e 42000
'§" 100 '.' “A‘
< g} o ad 1500 =
i o A ~
Si 60 .‘;"A‘A
S - 1000
A
40 x"':“
‘A
20 | .“(l 1=
o= L I Ll
0 200 400 600
”h-nt'\'*E

B 42 HIRHIRGES . BUE S EHSHRRKRR

4.3 SEAH BRI R GIPERERT LLAT T

BT 3k At Re A sl iR ZE R T DA I B R BliR 8 e 4 U IR, BRI EAT T2 TRl Y
PERE LB AR NEE 7o X T IA BB aR E R g AR 5, HAER FE 25 B
R, —RBEBBRMM AR, ZREGARER FRIRSE. @EmE, Bk
ZEEFEN Ry = oA Hh, AR R, = oA b R AP R O RCERE N 85%.
I, ARAE R 4-4 THE 7 AL G R 4 X BR ZE G I SEPRE A A

COP" = COP * Ncha * Nais (4-4)
K COP 2 TR ZEAL Gt e 4 IR B SEFR G #GR R s COP 72 iR AL G 4 Ui
FIFIRFR ETEA TR nena 72 BNV EZE B =0 B E) P 78 A (AN 85%)
Nais 7& BT 4230 = Jo AR FE it 1)~ 380 . (HUE A 85%) »

TSR IR G B AR A A RSB TR S, COP 4 0.8-1.2,
H138 4-4 THE R COP* Ny 0.578-0.867. 1HbAh, {EAZRGIZATHS, FLL T T /2 IR R4
F- 54K (PTC, Positive Temperature Coefficient) FfiBin#, BI#HHIA RS, HTFHA I
R, HAEI R I I T 207 R 48 N GR R4, g — P IR IME R s a4
ERIE SEBR A PR

TR AR RE A AR E IR 5, B TAEAT B AR B 1 /5 ) U H et o o
TWHEFRZ AN RGEH DIFE LT E, DR AT DL 2 48 = e A L P P B % HL e r R L i
PRI RE R Rk, ZZFRREREE (CoP) nTLLEE] 0.94, HIAR
JEAEAIEALL, R—FHIEEE T IE 8.4% 3] 62.6%, 1M H. AT DAYEN% 95 PS5 vh R e Hh HLA5 5]
H A B, T DA e G i B Bl VR 2 B ST AR

4.4 WENR SN BT 5T

AR F BRI BT EARRT A B ORI By, W DARKAEE 3T e 42
RISERINE, A BT HOOB R AT HE . e g h, Zug s mibtisth T8

2017 70 4k 29 W



}iﬁiﬁf»%

%/ SHANGHAI JIAO TONG UNIVERSITY P FERE BB SR E MR MR

FERELE N S TR R SRR, R NE SOC 154 100%.

441 BTGB ERE RS

T LRI TS IR A B R R 20 BT A A i BB 2 FRLBTR 2R IR N ZE AR S B AR 1 5
ASCHEE T EA T EEER &R R SA S, BIEALOIEEIE BU260. R 5
EV300. €& EXR5. LVt E6. 45liH: Model So AN LAALT-37 B [X ()b g3 X Al
WIS An GUAIF R ST BRI TR (5K 4-5 31 4-9) ATRAR 25T RL L H 3k
AR R — R EE -

COP'cpCVC

PVCc =, 3COP Cb+QcmaxCVC (4-5)
_ CHCVC )
PVCs = v VaCp+EwVaMsCVC (4-6)
Qc,maxPVCs
Ms = Esorva (4-7)
M, =mg+my (4-8)
IVC = PVCs — PVC, (4-9)

T va A2 LDV GE 8 T AR PUE Y 60km/h) 5 oo a2 FRENR GG E = Jn A
MR R (kWh) 3 CVC e AR A ek G 4 U I EE TR (k)
Ocmax 7& AR EA R RKRAANT (KD 5 & 2R ER IR ERE N EEREG m,
PR M AR FERE R AR (kg) 5 mo 2R EL) B HEREHE (kg ;
M, & ZIER PG RIS AR R (kg) ;5 Eo 8T RIS E (kg ;
PVC. 72 AR AL G 1 4 IR s R e AR T ROSERT AR (km) s PVC 2 BNRGAE
APIE T KA TAE FEENTERE (km) 5 IVC /&R AL G VR ZE S I i 25T B A2
(km) »

L 4-1 TR T ARG 48 UGB i e 2 FRLBIR 2R ISR X ZR A A& ZR i L RR TR T
1L

R 41 WRH X A AR 5 ML 20 e T SR GRS AR A EL AR

(B ¥R
vl c/kWh Mikg PVCc/km PVCs/km IVC/km
A 41.4 1692 165.1~187.9 254.8 66.8~89.7
B 41.0 1723 179.6~207.4 292.1 84.7~112.5
C 483 1860 199.2~227.8 311.9 84.1~112.8
D 91.0 2481 309.7~345.6 437.9 92.2~128.2
E 90.0 2337 355.5~404.3 534.3 130.1~178.8

A: JBIEFREYE EU260; B: &A7F% EV300; C: ZEE ERXS; D: Wi Ee6;
E: ®#iH Model S

M ERTTCLE H, AIIER] DU A ZE sy L0 ARG I 66.8-178.8 km ANEE, 390
M ETTIE 27%-63%. [FIRS, TESbFEAt B, A DL &S 2 B shyR 42 f A 3805 & 1 A i
2, = 4-10 Fros.

_100cy,
T PVCXM

B3R 4-1 R N BT DAS AN, A ARG 48 IR M SR E = H
s HHFER 6.47-15.84 Wh/(100kmxkg), T8 LR B FBVR AR R B 2 B A RN

(4-10)
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4.58-9.60 Wh/(100kmxkg), bbfd 4% 48 e 46 IR B Al VR 2R SR AL 20 2 1 A BLFFERRAIR T
26%-42%. BLAk, #RHE 2020 4 3 A 12 HEFX T 5E BABAE ZFL S @ /R R AR (RIE
I EBRGHRRRREE R CGE=14D , aTRUAR 4-10 W52 12 B3R g
(TR ZE) ZERYM B 300 B 1 8 HLF 35 FEFE D 8.81 Wh/(100kmxkg), FH AR il iR
EH R~ HMA7000EBBEV &5 4l i Z75 4 GEM & F8: P7) [ 6.00 Wh/(100kmxkg),
AL SR ZEHE ) A IR AF B BIT000UL41BEV -S4l ER 4 GEH4HR: /D
1) 15.43 Wh/(100kmxkg). FHILTT WL, AR G0nT DUE IS X T AR RS SuE AR Caa T (e
TE 240 BB B BRIRVR ZE 2 2 H S I B H BT R R S 30 B 1 A B RERE— 2D B
i, TR R G0 T REFEFEAR /K SF T4k B A5 7K~
442 BT HINREEL =0 dN
T #b 22 BE B F 3R ZE VIR AE RIS AT IATR] ) LP AN T FE 423k — o4 iyt 1 LR
B AT DU ORAR B 3R A RS AR . FIRER, R RABA S AMGEMFR BN ER =
JCHE LR AR B AR, ] Dh— e FERE L iR E S AR . N T L Vb 24 fit e
B R ENIR E IR 2 SR E ) = o et o SR R S L FE MR RE SR AR, AR T
An GUAR H I F SR 428 AR ENR T B (X 4-5 &2 4-9 B, 1M T Z LT
FAEHE SRS R shAh, R T AR A A B = o4 Bt R A B2 B 0 5s , o
BTSRRI = o B RE R T, sk 4-11 R,
Chnew = N X My X Ecaty, + Cp (4-11)
HH copew & = OHE IR R (KWh) 5 my 2 B & I A OB 2% BT R RRAR
IR X N 28 ST P R (BUEA 1.76kg) 5 Ecar A& THERMRBIAAT A =
JUHR I (ELERA3) WIREEZE (HUHE N 0.166 kWhkg) -
R, IR TR A conew RE op BIGE R AN 4-3 PR

70% — ‘
65% I | IV R ]
60% | I [ AR e

55%
50%
45%
40%
35%
30%
25%
20%
15% |
10% [} 0
5%
0%

A C D 5

R

A: JBRHEEIE EU260; B: HAI7 5 EV300; C: 5B ERXS;
D: HLTi# E6; E: $E1dH Model S

B 4-3 XFWRAGHHIX RN EEN BRI G (BA RS

WRIEE 4-3 Fron, ERSTE M EMF R T, S ae i s RIm xS
LR ZE S AR AR T A1 5 T4 E 1) = o R o FRL SR AR S AR A AR T L)« £
A7, RRERTHASTE RSN AR RS E = o i 3.6 2 4.8 15,

BEAh, B RRIEEAT T S S R B 2 IR S R e A, = o) SOC =
AN G ARG S R T8, R R AE AR TR T R AR 0O, (B S A, LSk RE
R BNV AR IR B A2 T BT IO — ARG DI S TR R A —ME
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4.5 HERIE b PVE FEIE R KR 5T

P I AT BRI B AR T e 2 A SR R AR 1) — N E R MR AR A« — JCRE
MR IR E LR = KO8R G, AL, ) 25, BEREAEREEE. Mm%
g AHSE, HRARR A B 2 UL L, I B E R ERAN R AT R sh iR g A
AT =08 B AR I E A S BOR E R RS AN . DRI, FEDVRZE R = e b ) 4E T S
B SR R I — K R BN S, By 1k A I ORUE PR AR (1 FEBI7R ZE T AV B R
Gl A EE R TR . EERT VRGBTSR A = o i A RIR N R I R SoC %
PR, SN T AR B RO S R LA B R SOC B 78 FLIR B AN 78 L T 371k i 4
SRR, N 4-12 A1 4-13 A1 4-4 s

_ 1336Tparchat4379
SOC(Toatcna ) = Tt cha+1279Tbat.cha +4477 (4-12)
SOC(tens) = —3.26 X 10~°t2,, + 6.868 X 10 5tepy + 0.6362 4-13)

U SOC 7 F AR 4 = Ju i riu it 22 A o) 4y T A B el B 5 U A B B B Y 7 20 B

Thoateha N FEBIIGTE I I BIRE (°C) 5 fona NHBIRAEGFH=Ju# Ll 1/3 C HI1EE
ERFTEM TR () .

29.9 10533.7 10
y
100% 99.8%) 0.10 100% 99.8%
90% |- J0.08 15
90% | %
- 80% —S0C 40.06 % _ =
8 ——dSOC/dT S =
S) S o L R
2 70% 0043 5 80% \ 0 g
:_I_:r
60% I 40.02 70% -
= SOC 4-5
50% 0.00 = dSOC/dt
1 1 1 1 L L 1 ()Oo'h 1 1 1
40  -20 0 20 40 60 80 100 0 5000 10000 15000 20000
Thaen °C T /S

@ (b)
F 4-4 HENRE=0E B SOCEFETR )iRERR b)FERR

Ik, AT BLE SCHR ARG H = n R R SRR I n, FFRSLA 4-12
X 4-13 THAETEAR, WX 4-14. K 4-15 58 44, B 4-5 fior.

soc 1336Tpat,cha+437
N =g 1 = 10800 X . + teha(Thatcha) (4-14)
Zcha, 1 TZatchat1279 batchat44 '
1336T, +43790
6.868+ (6.868)2—1.304—><102< . bat,cha 0.6362)
bat,chat1279 batchat4477
tcha (Tbat,cha) = 6.52x10-% (4-15)

M 4-4 AN 4-5 AT DURIL, AR T, Aahy e i s = oo L i ) de (R
FE29 29.9°C, AR T 78I, HIAT SOC Pragit BIRME -+ AR, KRR L IR
TSI RIS - A R 8 TUA DI RE W] DA R bR 5wy H shiR 4= s = oo i it
(7 FRIELIE , 3 I TR 1 SRR AT I 9 I TR e A S B 5 L B A AV, b i
JEYEFRFLE 30°C, DUBIE IR T b i B AR SOC KR m HaRZE SN L. AR, AR R
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R H 2 B 2t ae A rL By R AR AE 78 LA REST A T AR RN, AT AT e

M AT SR T, RER AR = o r b AR 2 B T e r BEL ™= 4, A LR
FLA 27 S I T DR 36371, R P v 2 R ™ B 2 B DRIk, A RGTR LAAEAS
BWHMFERE B LG L V4 f it e BEAT Rl Bh v U BRI BN E VE B ARG A E H S
e

29.9

25000
4 100%
20000 4 80%
3 a  L60% =
15000 n
/ 140%
10000 420%

1 1 1 1 1 1 1 1
40 20 0 20 40 60 80 100
Tl\.ll.\ lm"’“c

B 4-5 HENR LG = o it SR O A R AR

4.6 ZHES T

MR A RIS B KT ARG, FERRITE AT AR BeikHE R RS AN, Hitk
AR, fc B E T B A R BT IR, A B — 8 A5 343

B 2019 4 1 H 31 H BT &ERKAANEEE 2R, #2018 4FIK, FigmaliRF R
HEIEF] 239784 . UL Bk 116 B/ B AbRHETHE, 56 F3680% H 35 MR i i
) J 7 2 B G A FRAER TR BT A6 70 I L 8 B G 6 0 Tl 4L D s T < 6 20 I 8 8 AP R i 46 )
SN2, B i A ) A B G INARFE TR TR /T 0.54 kWh, 35 R il < 404 e B
BTG LR R s A B N B SRR HL 18.9 kWh, TSR B R4 AR E S RS
LB FIR BT A RE R BIVRERE HIAE, % COPIIPEIME (BUAEN 0.7225)
ME, “PHRRFER 2422kWhe #5 FIETTHINRELMERAAR RS, W HighERFEHRE
A PIRER AT AR D 1275651 kWh, AHS TAZERR A T 156.8 MIARHEL.

MIRZEAE F A EERE, BT B4 70 I A — R RTR], TS R G0FE 2 T BUHL AR 1
B 1) 3 oA E), T BT R Rl ELA (220 00-7KH 6: 00) 5 0.307 JG/fE . # AN AR
78 TR AN, A RS AR E T W R R AR HAEH 24.22kWh, NPIRREAE
% 7.44 0, FHEBEESFHEHEHAARS (580 70) 57 1.63 . LIS, SAFEFE—
AR (90 KD W48 146.99 76, il A R AEE R AT L ILT 5 3524.62 Ji T,

4.7 FF7r b A TEan B Y o dr

IV, BB BRI AE, RISk e A7 o A B o 1 52 Tk e vt (Y 2L
RE . A7 b a7 dn I ERTE A fh A ORI SS 2R BLE UF =5 T -

(1) BRHALRILER . A2 Gk RE T H BhiR 4 IR 2 EEm] 70 9 A TR A e A Jse o
TR AR AT LR o i L T ) S B ARER A R B AT RSED AR L R 1 A
YOI ML H e A, HOER T A e 8 5 T4 Br e, A BT R IRAE R S B R A . A2
ERRARHUT T, 1 EA ARG, A T RPN A AR . A A O
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H TERYT DASCIAE 1% 2R B N a8 AR AL T 7 58, 7 (RSP R B 4 o T8 1 140 591 B AL Bk
D71, HeE5 R A R N AR RIS MR I G S8 4M 5 2 PR IR 4T B, A i e P )9 44 11
55 i I BB AR o B fE AE R ER AR R, 0N [F] FRBNTR 2R B FGR RR G 1Y) FRLBR AT ) 7 THD
BIREAE B AR R ), A BT BRI

(2) EFERFHlIE: Pl 2= i A Y f shyR 4R PR 0 0 3 2y s A S R 2 LT
FIERIH . T RGN 7RSS (R ZArdt T T E S e, MR
R KRN, T HAE BRI RCREA 5 B 304 4N, PRI AN 2 A2 X6 i A0 A7) I 9 2% B
TUE I AN A BRSO AN R O E A . B TR A= A5, i HLZ AR AR A 2= 1
ARAIETERE, RUCHAR (20D Wn] DA B RSO R . teah, PN A e s P 38
1) 3= B p AR RN S A ZE RS 11 ] A4 52 TR B 551t R DA B WA PR

(3) MR TR At Re 2 B VR R BRI T £ 2o @/ S 54
(R717) o GAERIBE I RIHA A, H A ZIEE (ODP, Ozone Depletion Potential ) A
0, JE=EIBE (GWP, Global Warming Potential) >4 1, TELA BIHBNVR AR I F A7
NEFROKE (R143a) FI 5Bk (R744) 149241, H ODP 40129 0 Fl 0, GWP 437l 756
*M,L R A SR IO IR UL ) SR TS b R 134 X i 5 008 (s 208 . T H il

RAHERRAR, R AR AR, T AP AR, g ab

4.8 RE/NGE

AFE N2 AL A 6 B FE B9 R R DA AR 0 110 S 96 W B 75 281 11 i 22 s AR % 1o
COP WMWK, BRI T AL BR N AR B LA GBS /0 AT T R i 5
T

(1) b2 fifRe Y L BhVRZE IR AE 5 RS IR AR FRURT 2 G 3 AR RS R B 3 AR AR
W R ) IR SLE BT AR T RS SRR B AR AR s 2 S5 B S 20 4 L,
TEFRT RS 116 5 T H iR 4T i 25 2R FRZ0 0 280 L, AT LA A& % A 1) 2 34 75 5K o

(2) 1EHEHANRE R = o i 78O AR 5 AR I L . AR IGE N4 ZE
MEHKE (COP) WLLIAHE] 0.94, WIHEGRAE RZAIES T 84% % 62.6%, 1 HEA
B U IPREEE R, W DATE SR 25 I PR 58 AR i T L35 57 b A H o B

(3) AIMGFEX T RN RIS . 78 VR ZE S AR R 5% e
T, FEHRE T A IO FAR TG A B 5 1 25 8 A PRI RN 5 AR P 55 H 1) = ol i jth 3 e

SO o BEEARIGE T LAELS R RS AR IR T 27%-63%, AN iR A R &
Aiﬁﬁﬁﬁﬁ%%Eﬁﬁmﬁm%mmiiuﬁﬁ BHABRBEFERIKT 26%-42%, 1A
AT CRAEZHREBRH IR E 0 H %) AL i3S A IR I rL BV A2t
R T o) 2 2% 35 = o R Y HBVR R ST AR ER T LU 1Y) 3.6 & 4.8 £

(4) HFRE M A B RE R 8T . FBITRZE 2R3k = o B FRIth 1) R L B AR LA
&, 52 B RIRER AR FAEE AT DA AR R P R RO L BV I R it Ak

%%,fmﬁMLLM%%MﬁF%nT$%EM%%OEiﬁm%mfiéﬁ%mﬁ
A&, W EighERAEREAT IR LIk 1275651 kWh, MM TAFRRTE T
156.8 MRS, THEMWRAEE—NEZE (90 K) AI 4 146.99 TT.

TERTRFEE R R, ARIEWAERIINS . ARERSESEEH, ERERH
1] 3 IR T 25 = RAZ Ol 34
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BhE S4GE5RE

5.1 SEBeRES I S HERE S b

AL AR Y F VR ZE IR W] DL 58 AR AR AL AR, N B AR 4 2
IHERERE ), HAFH DL RSk

(1) R4 LIARSEES, EFXAFIR 250 WK FUINFARE INFATHR 2644, IRBUT AF I In
B (51 2% A 5o 468 FH S0P B/ A A T 00T AR AR 1k R b A BV BB EAT T SEBR 56 5 ()
B, A B FAIE TR FEh R B T IR S R B A R AR (cop) .

(2) TEAZE, ARIMERSLPRH PR LUAE] 0.94, S5IA RIS PTC HHhn
MARGMHIEE T 8.4%FE] 62.6%, FFHIHLXFIABE) R AFIE N ARSI 0] DRSS F2
E S ST R AR . T, SRR KRR B O BRI 2R 0 AT RO 24830 77 M it ¥ FL BB Y A
PR BT ST ZE A B AR o 0 HL, 16 A R Ge 7 A i S B R SR TH LU A5 72 BT 15 B F) T3k
YR ik 63%, 2 AR E R T WA = o it R At gt AR T L
Bl 4.8 £, MR EE T A B R Z I K 42% 4 Hm KT (RiEE e B
PIHTRERIR E B H 3 L.

(3) ARG LIEAZER TR R = oo i, SR RS, b
IRIE TR SFEMIFCERIKT : ARG T UAEERSITIEREF, FHohAH FE8 = o dihp
IEH I ARIEEBIRIA T RMEHIE, WOKATREM LI T 1 REH ORI H A

(4) ARE UM KFEER A6, SHEMOFHATEBDRGHIEREE, T
HEREMTIZHE . WNET R ERIR ARG A T F, # BT B a4 iR A
KEZG, N T E R EAZE P RER LI 1275651 kWh, MY TAERGRYE T
156.8 MibREME, WERHEAI G E—ANKZE (90 K) AJ 4 146.99 Jt. MATRFEEREHIA
£, AR BRI AINGERZBYAR N, (4 I P G AR R 1) 50 45
=K

5.2 IS

FERL A RE R BT AR, FEA = MR OB

(D PRI H& 7Rk E . R A 555 B L SR, Sl
T PRI INMARR B B B BT (IR BE » A R SCHE r B R B AN BT 8] AL
WK

(2) SEHEIHT: PR B SN2 BT S RO BETH SIS B8 T FA b S PR PR A 2 T Y
FIMEIRTT R, TR PR s L) S8 T8 IS RIS RHIEBEAT 1 B ERHPER LT, 780
i T A RE A P BV AR A TP R 2R, T HL S 17 %M ASE B A 1 ) ) 4 T 35 46k
%

(3) RGEH: H UK B ) B T sl 4 3R A AT I 8] i A O
A RE  JFAE ZEIAT B A Oy ZE R B I RE D F X R AT o R BhiR i i AT
FBHV A, WHER T 78 A5t = oo i XS RIS AT R AR T B A R A, R T S
RIS AL .



-

- > 4 A
G W=¢) 5 )\ﬁ/{"j'
i/ SHANGHAI JIAO TONG UNIVERSITY P FERE BB SR E MR MR

5.3 WS

WA IR T BN A WS R RE 5 B AR 2 — BER RIR s g+
MIoCHE. ARET SR EE AT LA -

(1) ASCHEH T — Mg R 5 T AL 2 B i e FRL BRI, AR ] Bl R R
XTI AEREA R IETT o BRI — 100, £E4 T R BB I FRs it eils s A ) S B 2 A
it B S N2 A AR RS, I He e Ak REEAT 017 L

(2) ASCEEX AL A At RETY A B 4R AR A FE I AVE BV REREAT T 3RAIE, IR IR
PrEAHE T BN = oM BB R SRR R o (S, X TSR BR BT P BRI LIS T
BE— BRI

AR XA A Al RE Y F B IR O 7t £ B AR A S & EVERE T,
JF BAESEE & WAL F255 B THEAR B 7 S IIERE  (H AR T AR AMIs 4T 24 T SERR Iz 47
ORI SN BB HE N5 A A 32— 2D
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RESEARCH ON THE PERFORMANCE OF
THERMOCHEMICAL ENERGY-STORAGE HEAT PUMP
FOR ELECTRIC VEHICLES

Automobiles are the most common means of transportation in the market, and their industrial
chain has much promoted the development of the petroleum industry. More than one-third of the
total global oil production is consumed in the automotive fuel field, which is calculated ignoring
the oil consumption produced in the automobile production process. Nevertheless, in recent years,
oil safety issues and greenhouse gas emissions have gradually become an enormous obstacle to the
development of fuel-powered vehicles. In contrast, electric vehicles are powered by ternary
lithium batteries, which are environmentally friendly and can effectively reduce dependence on oil
supply. At the same time, a series of documents provide sufficient policy support for the
development of the core vehicle battery of electric vehicles. According to a forecast released by JP
Morgan in 2015, the number of electric vehicles in China will reach a peak of 520 million by
2040.

For electric vehicles, the electric vehicle air conditioning system inevitably consumes a lot of
onboard battery power during its operation. In some extreme cases, the power to drive the air
conditioning system is equivalent to the engine power required to drive a medium-sized car. This
brings additional and difficult challenges to the continue voyage course of electric vehicles.
According to J.D. Power's market user research report, 77% of consumers want the continue
voyage course of electric vehicles to reach more than 200 km, of which 38% of consumers want to
drive more than 300 km. At the same time, the report also pointed out that in the process of
popularization of electric vehicles, 75.63% of Chinese consumers take into account their limited
continue voyage course, and half of the consumers take into account the lack of power and
immature technology.

For fuel-powered vehicles, the air conditioning system is heated by recovering the heat from
the vehicle exhaust in the winter. However, for electric vehicles lacking a fuel engine, the air
conditioning system is heated by a vapor compression heat pump or a positive temperature
coefficient semiconductor (PTC) in winter. However, whether it is a vapor compression heat pump
or a PTC heating system consumes a large amount of power from the onboard battery, which will
mostly result in insufficient driving power and reduce the battery's life. Based on ensuring safety
and adapting to the unique working conditions of electric vehicles, to maximize efficiency and
increase the continue voyage course, a thermally driven thermochemical halide-ammonia
resorption technology, due to its strong vibration resistance and the simple structure, is considered
to be the best solution. However, the existing research is mainly to theoretically analyze the
expected performance of the thermochemical resorption system through the sorption/desorption
characteristics of the working pairs, and there is little research on the experimental test work of the

thermochemical resorption heat pump.
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On the other hand, most onboard batteries for electric vehicles are ternary lithium batteries.

According to JD Power's market research report, battery performance degradation, frequent long-
term charging, imperfect warranty, and high replacement/maintenance costs are the main factors
that consumers distrust of existing battery technologies. The ternary lithium battery belongs to a
chemical system power supply that is sensitive to temperature. Although the lithium battery has a
high power density under the optimal temperature condition, its charge amount will be
significantly reduced under low-temperature conditions. Therefore, it is necessary to provide a
reliable, low-energy battery thermal management system for electric vehicle ternary lithium
batteries. Since the existing battery thermal management needs to consume the limited power of
the vehicle ternary lithium battery, it is necessary to design a novel battery thermal management
system independent of the onboard battery to ensure better performance of the onboard battery.
Thermally driven thermochemical halide-ammonia resorption technology can use the residual heat
generated in the system energy storage process to heat the battery compartment. The entire
thermal management process does not need to consume excess energy, which can effectively
reduce energy loss, ensure the safety of the vehicle, and enhance battery pack life.

The previous research on thermochemical resorption reaction mainly focused on the principle
calculation, but practical application is relatively small, and this is also a significant dilemma of
the sorption cycle. This paper studies the specific application of thermochemical energy-storage
heat pumps (TESHP) from the perspective of heat and mass transfer and the improvement of
reaction capacity. The details include the following:

(1) For the manganese chloride/calcium chloride working pair used in the TESHP, the
Clapeyron diagram in its equilibrium state is drawn, and the cycle diagram and
thermodynamic analysis is obtained based on the principle of thermochemical
resorption reaction.

(2)  Based on the adsorbent filling volume and density, the sizes of the two kinds of
halide reactor unit tubes were calculated and optimized, and the performance
indicators of each unit tube were obtained through theoretical calculation.

(3)  The system design, actual testing process, and construction of the thermochemical
energy-storage heat pump experimental test unit were carried out, and a set of
experimental test schemes based on this experimental test unit were proposed.

(4)  Based on the calculation and discussion of various data obtained by the
thermochemical energy-storage heat pump experimental test unit, the performance of
the existing electric vehicle heating system in winter is compared, and the volume of
the system after actual loading is analyzed. Besides, the ability to improve the
continue voyage course of electric vehicles and the impact on the performance of
ternary lithium batteries. Also, this article carried out the detailed economic analysis
and product analysis of the whole life cycle.

Before conducting the experimental test, the two halide reactor unit tubes need to be
simultaneously evacuated from the ammonia filling port. Then the needle valve is closed to fill the
low-temperature halide reactor unit tube with sufficient ammonia. The specific experimental steps
after that are as follows:

(1) Keep the ball valve in the closed state and open the needle valve to perform the
thermochemical resorption process of ammonia from the low-temperature halide
reactor unit tube to the high-temperature halide reactor unit tube, whose reaction
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heating is used to cool the battery compartment of the electric vehicle and heat the
carriage. At this stage, by adjusting the opening degree of the needle valve, the
cooling capacity of the low-temperature halide reactor unit tube and the heating
capacity of the high-temperature halide reactor unit tube are output as smoothly and
evenly as possible.

(2)  Open the electric heater and needle valve to heat the high-temperature halide reactor
unit tube to perform the regeneration process of the adsorbent. After ammonia is
entirely desorption by manganese chloride in the high-temperature halide reactor
unit tube, the electric heater and needle valve are closed to complete this stage. The
unit tubes of the two halide reactors are gradually cooled naturally to ambient
temperature.

(3)  Repeat the above two steps under different conditions.

From the theoretical calculations, it can be concluded that the TESHP can increase the
continue voyage course of the EVs by as much as 63% in winter. The power consumption per unit
load mass per 100 kilometers can be reduced to 4.58-9.60 Wh/(100kmxkg) is lower than the
lowest value of the 30th Chinese catalog of new energy vehicle models exempted from vehicle
purchase tax, which is 4.8 times the continue voyage course of EVs after replacing the system
with onboard batteries of the same mass while reducing the cost of the heat pump for EVs. TESHP
improves the continue voyage course of EVs, reduces energy consumption for heating in winter,
increases the development potential of electric vehicles, and facilitates their large-scale market
promotion and application.

The thermochemical energy-storage heat pump can significantly improve the continue
voyage course of electric vehicles, provide electric vehicles with heating capacity in winter and
battery thermal management capacity, and draw the following conclusions:

(1) According to the above experiments, the heat pump performance and battery thermal

management performance of the manganese chloride/calcium chloride working pair were
tested on the test unit for a different heating time of the electric heater under 250 W.

(2) In winter, the heating efficiency of TESHP is much higher than the existing system,
which can significantly improve the continue voyage course of the electric vehicles.
Moreover, the increase in the continue voyage course is higher than that provided by the
ternary lithium battery on the same weight.

(3) The TESHP can preheat the ternary lithium battery of the electric vehicles in winter to
increase its overall temperature and avoid the inefficiency caused by charging at low
temperatures; the system can also assist in cooling the ternary lithium battery of the
vehicle to prevent it overheating.

(4) The heat pump can save energy to a great extent, use the peak and valley voltages
reasonably, and help the market promotion of electric vehicles.
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