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Modeling and Performance Analysis of Barocaloric Refrigeration System Using
Carbon Fiber-Reinforced Structural Heat Exchangers

Fan Wenhao Qian Kun Lin Shangchao
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Shanghai 200240, China)

Abstract To address the challenge of balancing the pressure-bearing capacity and high-efficiency heat exchanging in emerging solid-
state barocaloric refrigeration systems, the present study proposes a composite heat-exchanging structure featuring carbon fiber-wrapped
finned tubes and establishes a simulation framework for barocaloric refrigeration systems. Using a highly thermally conductive barocaloric
composite of co-crystal material NPG, ,;~TMP, ,;—20%EG, a simulation framework for barocaloric refrigeration was developed based on a
finite element model of multi-physics fields, and the barocaloric phase transition state of the computed micro-element was characterized
to solve the adiabatic temperature variation. Compared with a conventional aluminum alloy single tube, the composite finned heat
exchange tube reduces the weight and structural heat capacity by 95%, increases the heat exchanging area by 2. 5 times, and reduces the
thermal resistance by 52%. This could significantly improve the heat exchange efficiency, weaken the negative impact of structural heat
capacity on temperature changes, and accelerate the system to reach a steady state. Further investigations into the effects of cycle
duration, flow velocity of heat exchange fluid, and operational temperature range reveal that the optimal system coefficient of performance
(COP) is achieved under a 10-s cycle period and fluid flow velocity of 0. 5 m/s. This research provides the theoretical guidance for heat-
exchanger structural design with the enhanced overall mechano-thermal performance and operational optimization of solid-state
barocaloric refrigeration systems.
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Fig.1 Principle of barocaloric refrigeration system
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Fig.2 Phase diagram of the barocaloric composite co-crystal

NPG,,.—TMP, ,.—20%EG , schematic of the refrigeration

cycles, and adiabatic temperature change diagram
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Tab.1 Operating conditions and parameters of the

barocaloric refrigeration system

28 HfH
ARG (m/s) 0.25~1
TER 191 /s 4~20
TR B a] /s 1
PR 8 TR BE /K 280~305
TAE R 58 /MPa 250

Shy 6 U T S ST = A I A 07 LA Y R AR
SCKREUZE RS Qian Kun %0 19 SEIG B8 BEAT 1%
FLEE . Qian Kun %5 TEHFSE b IR 0 ] ¥4 e 344
ARG ARSI B R A AL, B[R R T 50 A
BT B, DRI ] ek 9 2 o ER 2 A 1 By B 2 A A
X HERRE L S5, S T AR R I A 2
T JBE 5 SR A R ] B B KR 22N 4. T% . BRTT
JIT ST B BB R S A R B R R — B
P WA B A B3 Ay M b 52 B S BR 3R GE I8 A T4
P, AT B AR

2 BRIt

2.1 EFH%RENFEBRERETLFE

i o {7 FASETY (4 31 91 203 B 5 SE e s 5
T AR KR S BRI BE BBk 2T 4638 S S S



BESCI, 45 - AT 4k S 5 AR TAR A TR 8 R G AR RS PERE A

ME2HR. WEHRELLTA09 585 4 8 B AR
L, HRE SRR Xl 4 2% 22 )25 o B TR0 Bl £ 4k .
2832 WAL PR | 38 ik A AR L A 0T T T R
BB . izl % T2 RE NS S B RR £F 4V 3% F1 7 1)
PR ff B 1), AT 8 5 4 T 25 K R R B T . T4k
Je PR AT 4 5 4000 i R A G (R T R85 AIT
SR, AR 13 S5 A TS R AUE T 38 R 1 R 47 e B
Ao kT AL BUE AR | AR SCAERSSA0L o Z W T Bl 41 2
253 R4 2 0] 0 S AR .

R2 BASBUBRERELMEH RIS H
Tab.2 Geometric and material parameters of carbon

fiber-reinforced heat exchanging finned tubes'"

WRGE= HifE PIREE Bl
FAF AR /mm 10 HEEMFR/IW/(n-K)] 150
FEAE RE R /mm 0.5 A L IEEI1/(g-K) ] 0.87
HEAGK L /mm 100 BREFAERTR/[W/(m-K) ] 5
R B fmm 0.5 BRET2E LR/ (g-K) ] 0.753
R AME/mm 20 BCEM % JE/(g/em®) 1.13
5[] /mm 5 BCEM #4532/ W/(m-K) ] 18

TR EFHEJE S /mm 1 BCEM b #AZ/[)/(g-K) ] 1.0~2.6

Sy ik — 2B VPAG B AT 4k 2 A8 R A A R R S A ik
PEBE 77 1 9 P 3, A SCRE UM [R) 44 o 40 4 B
PR3 Fe St G, 6 AR TR) T 00 R 47 4 $rk g ik
Sy [v) B i X6 B S 36 1 A S 5 S R R R SR, R
Fb P B B N ARV S 10 mm , S5 RREF 45 F 45 {4
— 2, IR IUE BCEM 31 50 A FRUAH ] 5 45 B J52 B 14 2 Oy
2.5 mm, DUBRA & BRAEAE SR MESS 1 iR 2 A
BT LR RV RE R R AR T, SC B TS5 4 KR
Ak (N 336 g/ 2 18 g, 182> 95% ) R IR 456 1Y
P KR FAAR (M 306 J/K FEAR 3 16 J/K, FEAR T
95%) S AR BT ($ETF 2 2. 54%) , i &
HARMLE G - AR

P 4 fIf R i N B R 32 250 MPa JE 1 4614 F
B 27 40 8 5 B A LA R N ) A3 A RRAE . PR ]
4TI, 2 BCEM A2 FE, 3 ) 35 LA rp 136 JE 5 44 k)
P T BT X, X AR A e RS, Hi R
I A7 HERAE b 3 FEE fh X, SR #] 425 MPa, % [ F]
TA09 £ 6 42 1 it A5 B 244 500 MPa, Ho22 4> R ET
R 118, SERTE S T 00 42230 i AR R, P 5 5
i MELZ T, BT 43 F A5 45 4 38 2k 22 Fh bt L P
] R A 0 2 A3 T N 140 . R ARG A KV )
FEAICZ 174 MPa, X1 % 4 R BT 2 2. 875 A2k
LT YR R B AT, e K F7 o 348 MPa. 7525 T4

L1 3 45 K 1% T8O 2T 4E 241 5 500 MPa HY i B4 55
B, A RRORIA 15,8, 5 TR & 0.
I, B 2T 4 B A8 S A AN S iR T D ]
B 5 SR T TR A A R R

| e
45
4.0
35
3.0
2.5
2.0
15
1.0

E 4 ﬁﬁéﬂﬁ%ﬁﬂﬂﬁ%ﬁ_‘z_ﬁﬁﬁ(E)'—i%ﬁéﬁi%ﬁiﬁﬁ

wE(#H)
Fig.4 Stress distributions of carbon fiber-reinforced finned

tube (left) and aluminum alloy single tube (right)
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Fig.6 Steady-state characteristics of the barocaloric

refrigeration system

2.2 A TEIN A 32 I

L VA A T U0 2 52 i R v 2R Gk R Y
S ARTTERINGRT 2N 0. 5 m/s & T
WFFE T8 2R JE I XS R GEh A PERE RS . 75 B246
(A2, FE T PG A T8 Hh , Jin e 5 8 Ao e 1 e sz
[ 359 [T 7 M 1 s

17 it 7 S AN [ I o 30 %44 8 R 45 COoP .
VA DL R LB I BV PRI 22 (AT) 1978tk H A
7R, SAE IR I 10 s B 1S R G R Y
COP, JFfemg S B R iR 25 . 7210 sTRFR T,



BESCI, 45 - AT 4k S 5 AR TAR A TR 8 R G AR RS PERE A

FA LGN B TR R BN FE S, BE A T R TR A AR
RO B [ I i BEAG DR o Y 3R A E K
220 s I, BAR B [E] SE I, (HAE 345 1 BCEM
5 e PR A 22 1 3l 22 S T 0D | 2R G i AR A AR
BB, NI B0 1 5 COP B R, MHELZ T,

RIS AR L2 4 s I, RGEH ARG RE B, fif
PHEB/INELZE 2 PF T 3RAT T 38 i A il v DR, R i
A TN s R e R R E BN T R G R DA
FE, A FELCOP M IET 10 s PRI AR B o

10 S » R s § 3
ol — MR s ol JRER =10 5 i . =Y
fEERJANI=10s — fEREm=0s oz ©
. 6F = — JERREI=20 s 2 30l peR
S ﬂ“ﬂ = 4}
© 4t = 20f E
= 2L
2F 10F I I I
B\B\D\T\u\‘\u L | \: I | 0
0 5 10 15 0 5 10 15 410 20
ATIK ATIK PEFR S /s

(a) REFERR I FCOPHATHIR &

(b) AEIPERRA TS 5 ATHISER
7 IR E - H¢ Rtk Re

(¢) AFIEEREI T BB

sEAl)

Fig.7 Impact of cycle period on the performance of barocaloric refrigeration systems

2. 3 HRERR AT IR B 22 i

e PR A AR R e R R VS R e M RE )
BESR, R R HORT LU B BCEM 5 # $ i 1k
Z[A] B e AR R L RN, B v 1 ik A 2 R BOR )
3N, 75— AT R B R R BRI e it
T AT AR ST IR A I X R G M RE B S
A T AR 2 G PR R 10 s,

P8 JIT 735 Ry A [) 45 AR A Ui o 2 T V8 R 4¢
COP il ¥ 15 LA AL DI Bt AT 9721k . #h 1] 8 AT AT,
TR R G R A WS SR 0. 25

m/s I, ¥ R GEAE B/ NI 28 25 10 T R I B Y
COP, {H R GEREMS 52 I v AR R 25 A 2 8 K, 1
RREN Z B —E R . MU S 2 1 m/s B, REGE
F o v A I, W s AR 2 T SRR
RS BOR IR R K, (15 R G AK COP [
B, MHZ T FE0. 5 m/s R AT, REUIERE
RIE T, — 5 T HV PRI R ORI 22 W 2 T
0. 25 m/s [ T80 s 75 —J7 11, BAR B A D I A1l 75 &%
iRy COP R T 1 m/s Y 0. (R, NZR5PERE A
KF 0.5 m/s (1L & AFRERS Rl Ve fE T S RERlZ
] AR P18

12r 100 - - 201
FE=1 m/ — Jii#E=1 m/s E 5
ol 0.5 s or oy 3 WA
st arlle — WiH=0.25 m/s =
— =025 m/s Z 60} e
S 6t 18 = 10}
) 2oa0t =
4t £ =
, 20} \ st
0 5 10 15 20 0 5 10 15 20 0 025 050 075 1.00 125
ATIK AT/K TR/ (m/s)

(a) RFEFEHGE FCOP5ATINR R

(b) Al TRl 5 ATHISE R
[ 8 IR A RE T EF B R RE

(¢) RIFTARTE T B

TRZE

Fig.8 Impact of heat exchanging fluid flow velocity on the performance of barocaloric refrigeration systems
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