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Experimental Study on the Factors Influencing the Thermal Performance
of Vaccine Refrigeration Vehicles

Zhao Juan Zhang Zhongbin Chen Meng Gan Qiang Gong Li Song Ping Deng Qingqing

(School of Energy and Mechanical Engineering, Nanjing Normal University, Nanjing, 210046, China)

Abstract To investigate the temperature distribution and optimize the thermal performance of a vehicle carriage for transporting
refrigerated vaccines, a 3.9 m’ vehicle carriage working within the temperature range of 2—8 °C is examined in this study. Four factors,
namely, solar radiation intensity, air duct structure, refrigeration unit switch, and door curtain, which influence the thermal performance,
are experimentally studied at a compressor speed of 1 800 r/min. The uniformity of the temperature distribution and the temperature
change rate during the measurement period are comprehensively analyzed. The results show that when the vaccine refrigeration vehicle is
maintained under an average solar radiation intensity of 295.94 W/m* and 82.78 W/m? for two hours, the average temperature in the
carriage under the former condition is 1. 326 °C higher than that under the latter. The on-off frequencies of the refrigeration units increase,
and the energy consumption of the vehicle increases. The application of the air duct structure can help reduce the local hot spots in the
carriage, and the rate of pre-cooling increases by 0. 006 C/s. Moreover, when the carriage door is opened for 120 s, continuous operation
of the refrigeration unit enhances the airflow heat exchange between the inside and outside of the carriage, which noticeably disturbs the
temperature distribution in the vehicle. Therefore, closing the refrigerating unit is recommended when the vehicle door is opened. The

curtain can effectively prevent cold air from exchanging heat with the environment and maintain the low temperature of the carriage.

Keywords refrigerated vehicle; vaccine; thermal performance; temperature field
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Fig.2 Schematic diagram of vaccine refrigerated vehicle
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Fig.3 Layout of thermocouple measuring points
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Tab.1 Uncertainty of each measurement point

¥/ mm
x/mm
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2 XWERK S

R L 75 T V2 9K A PN LB AT T B 34 A0 1k
SR E AR ARG O, AR SCRR 5 I 2 s 8] B P9 42 R34
TR AT 005 B[R] B P B R AR 25 R Kl B AR b
Ko MERNTEMF8 bR, T2 B8 58 45 16 3 60 1 2 PR
KZE,

1) V1 B

%n (5)

KA. T, o8 s IR, °C s X T, A I A
IBJERF,C sn HIEEH A,

2) IR B 22

R=T,, ~-T. (6)

— 129 —

AT =




F44% E28 #l % F W Vol. 44 ,No. 2
2023 %4 A Journal of Refrigeration April, 2023
AT, FEOR R, C T, M RGR B, GBI T 40 N A TR 23 A1 3 R
JEf/IMH,C, FORTR] , {EL A0 42 R PN S 22 38 38 g il B8 0 A
3) iR R B S PEREAR
Y= Ti.max - Ti,min (7) ‘;Q’{ﬂlj q:' , ﬁ%ﬂ /N‘JLéﬂ E@l@?ﬁ‘ﬁ*ﬂ%j‘j : {éaﬁikﬁ]ﬂ
At TFJe 4 SV LA A2 o 4 s XU 28 22 A e

AT, T S0 RIS ] B P G e
B RAE AR /IME, °C 5 Ar IR s,

2.1 KPREESEEXNBEHABESMALW
=AU

S5 A B 6 S5 5 8 X 4 PR TR S A | AR S
A3 IR T AR T A W R A H G B IR B S
(i) PRY JSF) 0 B 5 0 AN [) 1 K BH 4 B 2% 0, 12 00—
14:00 , ¥ J8 415 AR VG 5 In) 4553, 4R R RLEE S 1 22 Ak
T, Frh 23 i & AMH O BT 55 2 1] P9 B i Ak W b %
AT A0 A B ] B A 1 ST 38 O BH 4 5 5 B 43 1 R
295.94 82.78 W/m’,

Kl 4 iRl y=100,725.1 350 mm A A &b 45
SULE N 2 B (R BE PSP 2R AR R AR O IR B
FAF T TR AT y =725 mm F T AL £
SR E IR o P38 KM/, y = 1001 350 mm #K fi
A5 DN A TR FE B o S R SR B B oA IR AR T 4
I ASOURLRE i TR AR 5 AR RS 4 A 1 2 ¢ ]
19, EIR S BT BRI NIR R 2 R 430 A
2.312 1. 513 °C 't R 22 JR A 2% 0 50 3 32 %) 38 3
DR EESE A, X T oy =725 mm #mA7 TF H HL
2 2% XU DX s, A MLAL 36 HE 1 v SO x =
2 200 mm A2k 525 R AR OUAE Ty I, Ve SN Ak o
T R A YR BERE AR, 1M 2 = 100 mm 037 Tl & 4L
S O O R N P A g R L e o 53
55y =100.1 350 mm A T 22 R BE Ak | 37 42
DR B S R N vl 22 S 527 B o T

K Bl

Tr e +y:100 mm

——  —— y=725 mm
e —-— - y:] 350 mm
or L\\\\
S Y
\&f<’<’\/'i}\\
= RN S
A ] 2
~A
3 -
2

100 625 1150 1675 2200
Brocdh FE B /mm

4 FRASNAFEHRE
Fig.4 Average temperature of each measuring point

in the carriage

— 130 —

TR 2 C, WA HLALAE 138 XU H T IER U, 26 A2
RN T GG THER , 25 26 R0 9 e e R 8 C R, il v2 AL
PR AR S N ZE R IR, S — MR . B 5 TR A
ANTRV A B4 53 25 10 T 22 8 NP 259 1R AR 4 (12 30—
1300 IR ECHE ) . T, DGRBS T, 45 P e I e
7 0.011 C/s, FHRH N 0. 030 °C/s; PHE AR
T, E MR EE S 0.020 C/s, FHEHE %K 0. 007
C/s, MR, JEHE AR 1 25 P e T e S T
717 TR AR TR i AR 1 IS 1) P s v WL P R A2
RATED R A RERERS I, DR A V8 Jo 438 A 7 st
PR 28 PG AR PR 2 N 326 KT, AP TE S8 1
Lh,

0 300 600 900 1200 1500 13800
ERIEIE
E 5 AEKBEIEETEFRNBETL
Fig.5 Temperature changes in the carriage under

different solar radiation intensity

2.2 QBT EE LB ESRALMNF N

El 6 Fin N m e m E FIRR B E, Bl 6(a)h
RPN TCRGE LS, 6 (b) R 22 8 9 & 345 T8 K
T K T A G R 2R I AT 2 4, H R O T KU
BEAEAE R BE F R SF 800 mm x50 mm x50 mm
(KexFExm) , Wik rhzs, XA Z (8] [E]BF A 200 mm;
T 5 A L2 7 A2 RS, P R RN 5 mm K
4 2 300 mm F AR AL AR, e b — e bR R
15 BN 50 mm , 5 —HUEAUK S CE 55 30 mm,
PIECHEARIE B T 78 55 K4V S 42 JRTRC Al 1) 5 XA 7
S XU 2 Al [E] B A 70 mm , 7T RGE K T 515 XURE R
sHE (b) fis

AR YRS 6 B R 1 809% 1 28 2R T 1 A7 #F
5%, B 7 IR RN R EOR B



Fd4%E F2H
2023 £ 4 H

RERHER SRR IME R TUHR

Vol. 44, No. 2
April, 2023

(a) TXIELEH

(b) HRUESH
6 SEMEERTEE

Fig.6 Schematic diagram of refrigerated

vehicle carriage
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Fig.7 Arrangement of vaccine loading in the carriage
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Fig.12 Effect of door curtain on the temperature

in the carriage
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