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Abstract

In order to alleviate the various thermal discomforts caused by the high temperature environ-
ment to the human body, in this paper, a liquid cooling garment (LCG) system with semiconduc-
tor cooling technology as the core is developed. First, a heat transfer model between human
body-LCG-environment is constructed, and the LCG system is built based on the heat transfer
model. Secondly, the human skin temperature and subjective perceptions without cooling meas-
ures and when wearing LCG cooling were compared using human experiments. Finally, the expe-
rimental study and performance evaluation of the cooling capacity of LCG under different ambient
temperatures were calculated based on the inlet and outlet temperatures of LCG cooling. The ex-
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perimental results show that the LCG proposed in this paper can alleviate the thermal discomfort
of human body in a high temperature environment and make the average human skin tempera-
ture maintain within the thermoneutral range (32.1°C~33.6°C).

Keywords

Liquid Cooling Garments, Thermoelectric Cooling, Thermal Comfort

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

WAESR, A i F IEE O A R =K ARFE . &FRA L 10 42T N BRI M I 5 (R
£ 25°C~60°C, FHXHZSE A 10%~80%)H, KIALEM I 28 PR N TAE 245 NARRIA EHL S H ok BOR 1)
JE 77, BRI S R O3 B 2 = AR AR B R TR e, SR 28 S ECMASET[1]. N T BRI A5
Wk fEE, HBEMBREE RS T AN ORI R . EWSRIEEIE T, 504 H b S —
477 Rk, ATTIEFESS F3 it RN NS BT R G, (EILREOE T B AR B k7= 2 1) 2 Rk [2]

A NAH R (PCGs) T UE B 2 H AT 5 BT AR 2 — o ARIEAEFHAZI A R IASE], PCGs AT LAy
RN=FAL SARAEIIR(ACGS) ARYA EIR(LCGs) FIAHAE ¥4 H1 il 25 (PCCGs) [3]. LCGs J& B -4z
R FAMEA R, 5HAAERAHLL, BHERNIIRK, AHZCREERA, T ZNHTZ
FizEr[4]. H 20 4 60 4548 Burton 1 Collier #2H 5 — MR IRIER LSk, CEIFRE T2 L5k
WA A S HPERE[5]. Grazyna Bartkowiak %6 N it 1 —Fh L ahild IR(LCG) 454, fE—MREE A TR
i 5 Y X 27 VYA IR A B SR AT AR, 38 3 26 R 1 3 VA B b 5 A B R A AR A SR SR E YA R 1) 1
VEVERE[6]. Guo % NEESL T LCG fEFIAEE T IIVEAIAE HVSEAY, Z3 BT T AN ] B8 32 XA i (LCG) T Re I 5%
Wi, SR BSGIE F BEA T V2:8E 4T T — RIS, BOAE T ARV, Xt B REREAT T [7]. Maurissa
S NHRIIE BT T AR A HI 28 (TECS) LRI H R S8, A4 T HF IRIIRE 0 R G RCR S50 50 56
BR8] WFFCEEFAEM T IXFEA I RBIE R . REFE DB VR E g A ARG T — B
R, BUAThERIE 180 W, AEA BRI AARFAN F1[9].

SRIM, DA LCGs B 7t b 22 R 18 A ik, ) FH 8 oA B ke AR KOs, A7 e TR iOUx:
HERMSY. FIEEESE X AR~ R, A ST T — 3R/ . AR BA A
MR I - T A SRR A0 25 88 P 1 VA TOREAT BRI, T N — YA IR - BR8E —=35 Z [A] [ A FAAs
B, FIH PU A BRI R T2 AR KB IE VR A IR 3 A8, TEAN RIS IR S N X A v4 50 il
(1A P R HEAT VA DA BB AT VA

2. RIFREIRF G RIE
2.1. A&k - BR% - SRREAIERAREY

NAR GRS . FREE 2 AEAE AT e, AR 72 AR AT 22 B0 (i BE i 4k 3P4, (B & R 5505
JE SRR NAR = ST B 2 R (PP AT [10]. 2 NARSR T B R AL T 32.1°C~33.6° CZ IH]I, AARHAET &/
BN HRPE[11]. PO IR AL G FEAE M A%, T AE SRR R R, PR R RE SR N R[] A AR i A4
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Figure 1. Heat transfer model between human body-liquid cooling suit-environment
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Figure 2. LCG system
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Figure 3. LCG physical diagram
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Figure 4. Experimental test setup diagram
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Table 1. Experimental equipment parameters
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Figure 5. Surface skin temperature measurement points
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Ao BlGEE NG AT LSS, AR AR BB H AR SCIR IR T, MR AIA S . ] 6 BoR
THEBEFE LCC A& F AT LI B AR o 1% LCG k7K FVE B AN H /K 1V T 23 AL T4
AR JE RN ZE R IE N, RIS Bk 52 E W IR G KR ARIE . ARZE 2K I8 IE R IR R FI = A
TR, FEHRER R N AME 5 I 416 mm, A HRBEAR G IR ¥ T RE A AR IR s 5 AR B3 B filk, AT 32
R

SRR :

o HEHFHE LCG HENMAMRE, LAE L ALZIE SRS BT 155 AR/

o WEAMEENMIREN IR EIRE, Ba@E I, LCG IR LIE.

o XTTLHIARE AN ZEE LCG B NARZE I B Jok i B2 1EAT S50 % L 5 404

o IAEGIREEHN 35°C. 40°C. 45°C, MNAARIAEGIREE N LCG 1HhEe, FHik R HGIA &,
o SUIGFRAL 45 orEP, BERE 3 rEhid T — IR SEIER -

DOI: 10.12677/iae.2022.101004 25 INE SR &S


https://doi.org/10.12677/iae.2022.101004

=
S
#

Figure 6. Wearing experiment diagram
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Figure 7. Change in human skin temperature at 35°C. (a) No cooling measures; (b) LCG cooling
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Figure 8. Change in human skin temperature at 40°C. (a) No cooling measures; (b) LCG cooling
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Figure 9. Change in human skin temperature at 45°C. (a) No cooling measures; (b) LCG cooling
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Figure 10. Human thermal sensation evaluation results. (a) Thermal sensation without cooling measures; (b) Thermal sensa-

tion with LCG cooling
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Figure 11. Human thermal comfort evaluation results. (a) Thermal comfort without cooling measures; (b) Thermal comfort

with LCG cooling
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Figure 12. Temperature difference between inlet and outlet
at different ambient temperatures
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Figure 13. Cooling capacity of LCG at different ambient
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