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Trial production of new intelligent temperature-controlled composite

cooling vest for ship engineers and evaluation of their cooling effects
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Abstract; Aiming at the problem that the cooling effect of the first generation cooling vest was not
obvious when the ambient temperature was above 40 “C, the core component, battery and cooling
suit of the host of the temperature control system were optimized, and the new cooling vest, a new
type of intelligent temperature-controlled composite cooling vest, was made, in order to reduce the
heat load of ship engineers during operation. Ten subjects were selected to wear the new intelligent
temperature-controlled composite cooling vest in working and non-working state under the high
temperature simulated environments of 37, 41 and 45 °C to test and evaluate their cooling effects.
The results showed that, the new intelligent temperature-controlled composite cooling vest still had a

significant cooling effect in ambient temperatures above 40 °C , and in different experimental ambient
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temperatures, the physiological indexes of the subjects wearing the new cooling vest in the working

state were significantly and very significantly reduced, and the subjective comfort scores were also

lower than those of the subjects wearing the new cooling vest in non-working state ( P<0.05), and

the human comfort was improved. The new cooling vest is reasonably designed, which can
p g ) g )

effectively reduce the human body heat stress load and has a good cooling effect.

Keywords: cooling vest; intelligent temperature-controled ; high temperature tolerance experiment;

rectal temperature ; cooling effect
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Fig. 1 Operation principle and related device schematic

of new cooling vest
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Tab.1 Skin temperatures of test groups and control groups under three kinds of environmental conditions BT C
Wi 37 C 41 C 45 C
Xf B 20 G2 X HEZH e el Xf B ZH I 2H

ok 36.17+1. 19 34.25+1.95 36. 16+1. 51 35.22+1.78 36.45+1. 67 35.62+1.93
TR 36.34+1. 31 34.60+1. 95 36.74+1. 56 35.34+2. 14 37.20+1.73 35.91+2. 26
i # 35.71x1. 41 34.59+1.38 36.08+1.35 34.75+1.91 36. 40=1. 67 35.18+2. 15
JEER 35.63+1. 67 34.55+1.53 37.00+1. 67 35.11+1. 89 38.28+1.92 36.52+2. 18
i 36.43+1.02 35.99+0. 90 36. 70+0. 95 36. 04+0. 88 37.35+1.24 36.54+1.28
A 36. 11+1. 04 35.63+1.23 36.47+1.26 35.76+1. 55 36.86+1. 84 36. 14+1. 86
K 36.24+1. 17 35.46+0. 92 36.19+1.33 35.58+1.53 36.74+1.43 35.86+1. 83
N 36.90+1. 09 36. 46+0. 92 37.74+1.48 36.89+1. 56 38.33+1.71 37.38+1. 66
e 36. 76+0. 38 36.29+0. 31 36.94+0. 49 36. 64+0. 36 37.32+0. 61 36.96+0. 54

A P<0.01,
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Tab.2 Changes of skin temperatures of test groups and control groups under three kinds of environmental conditions

B C
%iH 37C 41 C 45 C
30 min 60 min 90 min 30 min 60 min 90 min 30 min 60 min 90 min
Wt WIRAL 32.26+1.88 % 35.91+0.83** 36.58+0.42* 34.98+1.22  36.40+0.41 " 36.96+0.37 " 35.52+0.43 36.81+0.20* 37.48+0.21**
YHEZH  36.19+0. 58 36. 79+0. 26 37.37+0. 33 35.99+0.57  37.10+0. 37 37.69+0. 51 36. 52+0. 35 37.34£0.50  38.16+0.39
a5 IR 32.85+2.57 ™ 36.23+0.81°% 37.00£0.42°  33.74+1.61 " 37.15£0.41 37.58+0.42° 35.38+1.27°° 37.55+0.51" 38.2420.64
XFHRZL 36.30+0. 68 37.17+0. 28 37. 62+0. 43 36.89+0.42  37.60+0.49  38.06+0. 47 37.37+0. 35 38.07+0.43  38.88+0. 67
T B 33.57+1.70°  35.6620.79** 36.46+0.47  33.14+1.48* 36.30+0.41 " 36.96+0.69  34.17+1.29** 36.80+0.30 ™" 37.57+0.33 **
XTHRZH  35.34+0. 88 36.57+0. 49 37.39+0.27 35.86+0.89  36. 87+0. 51 37. 68+0. 45 36.22+0. 79 37.40£0.50  38.26+0.43
g IR 33.48+1.65™ 35.7620.72** 36.49+0.28 ™  34.63+1.73 ™ 36.43+0.45™ 37.08+0.32™ 36.68+0.89° 37.76+0.47 " 38.48+0.48 "
XTHRZL 35.41+0. 39 36. 64+0. 36 37.45+0.37 36.66+1.43  38.25+1.22  38.46+0. 83 38.16+1.95 39.21+1.60  40.22+1. 65
— R4 36. 56+0. 99 36. 11+0.68  36.44+0.40 ™  36.23+0.63 " 36.20+0.30 ™" 36.66+0.30" 36.71+0.93 " 36.87+0.63 " 37.78+0.69 "
XTHRZH  36.740. 67 36. 64£0.43 37.23+0. 31 36.96+0.93  36.92+0.52  37.33+0.68 37.72+1. 14 37.25£0.71  38.54£0.70
I XG4 36.20+0. 51 35.98+0.62 " 36.50+0.43 ™ 36.02+0.50 ** 36.59+0.29 ™ 36.91+0.46 " 36.35+0.77" 37.04£0.36 " 37.90+0.51
XFHRZE 36.02+0. 51 36. 67+0. 26 37.21+0. 26 36.76+0.75  36.94+0. 47 37.51+0.75 37. 14+0. 63 37.63+0.44  38.62+0.69
ol AL 35.52£0.85%  35.9420.54 ™ 36.25+0.51™  35.39+0.71% 36.58+0.51** 37.11£0.37™ 35.91+0.36* 36.92+0.25** 37.68=0.45 "
XHRZH 36.23+0.62  36.86=0.52 37.40+0. 36 36.09+0.37  36.91+0.50  37.54+0.55 36.89+1. 11 37.36£0.37  38.36+0.31
M I 36.52+0. 98 36.62+0.83 " 37.01+0.50 ™ 37.86+0.69  37.55£0.62  37.53+0.58 " 38.41+1.08" 37.74+0.81 " 38.18+1.00 "
YHEZH 37.12+0.34  37.42+0.28 37.79+0. 32 38.29+0.63  37.88+0.84  38.53+0.97 39. 14£1. 87 38.46+0.89  39.21+0.85
W I 36.27+0.37 36.40+0.29 " 36.74+0.26 ™  36.47+0.33" 36.76+0.40 " 37.30+0.45™ 36.68+0.22 " 37.15+0.25™ 37.90+0.21 "
XFHRZH 36.57+0. 21 36. 86+0. 26 37.44+0.30 36.66+0.30  37.19+0.39  37.82+0.58 37.05+0. 24 37.54£0.34  38.43+0.36

. #x FR P<0.01, * IR P<0.05,
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Tab.3 Relevant physiological indices of test groups and control groups under three kinds of environmental conditions

WiH 37 C 41 C 45 C
Xof R gl Xof R gl Xof AR |
L33/ (R +min™") 92.82+15.37 80. 16+7. 60 94.32+15.72 88.87+12. 53 105. 38+22. 22 99. 78+19. 81
HoI IR/ C 37.27+0. 38 37.02+0. 24 37.40+0. 43 37.15+0. 34 37. 66+0. 57 37.48+0. 56
H IR/ C 37.13+0. 32 36. 83+0. 24 37.27+0. 44 37.08+0. 32 37.43+0. 58 37.14+0. 49
T./C 37.63+0. 18 37.35+0. 13 37.65+0. 23 37.34+0. 21 37.58+0. 35 37.35+0. 28
T./C 36. 29+0. 96 35.54+1. 19 36.51+1. 69 35.43+2. 10 37.35+1. 56 36. 13+£2. 02
i E/kg 0. 610+0. 100 0.450+0. 110  0.795+0. 160 0. 523+0. 140 0. 900+0. 210 0. 564+0. 200
T./C 36.23+1.21 35.26+1. 16 36. 64+1. 35 35.64+0. 15 37.21£11.57  36.16+1. 80
T,/C 37.35+0. 36 36.93+0. 33 37.44+0. 41 37. 00£0. 46 37.51+0. 54 37.11+0. 55

A P<0.01,
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Tab.4 Changes of relevant physiological indices of test groups and control groups under
three kinds of environmental conditions
. 37C 41C 45 C
el
30 min 60 min 90 min 30 min 60 min 90 min 30 min 60 min 90 min

LR/R WM 74.30:8.76 ™ 82.70:12.44 ™ 92.20£10.81 % 79.9010.71 94.008.67  111.40+11.13 " 87.10£10.54  97.70+12.50 "  135.70+17.49 **
min™')  XPHE4L 81.40+8.13  101.0012.13  119.50x13.36 80.90£11.21  101.10£16.22  122.50£19.64 88.30£14.22  102.80+12.48  146.50+17.27
Higii WAL 37.10:0.20%  37.1120.25 ™ 37.23:0.25 ™ 37.16x0.14™  37.27:0.13 ™ 37.65£0.19*%  37.31x0.24 ™ 37.43£0.21 38.330.31 ™
B/ XL 37.2420.18 37.45£0.22 37.830.32 37.280. 17 37.62£0.28  38.09:0.36 37.4240.24  37.48%0.26 38.59+0.32
P BI04 36.82:0.417  36.94£0.35™  37.13:0.36 ™ 37.01=0.30 37.20£0.32™  37.62+0.37 ™" 36.94x0.31" 37.09£0.30 ™" 37.910.36 "
JE/C XHELL 37.0420.24 37.30£0.27 37.690.35 37.13x0.37 37.44x0.33  38.050.53 37.16£0.35  37.31x0.36 38.45£0.45
r oo BEAL 37200027 37.40:0.29 7 37.60:0.35™F  37.20:0.317"  37.42+0.27™ 37.73x0.30 " 37.18x0.30 " 37.27+0.29"  37.92:0.26 "

ree XPHR4L 37.52+0.30 37.65£0. 30 38.03:0. 38 37.490.26 37.69+0.27  38.16x0.44 37.32£0.31  37.41%0.34 38.37+0.28
T AIAL  35.4261.19%  36.19:0.51°  36.26x0.47 % 35.95:0.94 ™  36.49:0.66"  36.720.37 36.56+0.44 ™ 36.98+0.55 " 37.44x0.42 ™"

" XPHE4L  36.3320.75 36. 89+0. 55 37.270.42 37.42:0. 66 37.03£0.66  37.15+0.68 38.06£1.07  37.710.53 38.39:0. 57
T /C I 347500817 36.04x0.42™"  36.58x0.21 "% 35.35:0.53™"  36.70x0.20 " 37.14x0.30 ™" 36.21x0.47 " 37.19:0.24**  37.90x0.33

s XTHEAL  36.210.36 36. 89+0. 23 37.46x0.22 36.690. 35 37.31x0.33  37.87x0.51 37.4240.70  37.83x0.30 38.76+0.39
T/ WAL 36.78x0.27 ™ 37.13x0.27™°  37.40£0.30**  36.83:0.31°%  37.28x0.22" 37.61x0.20™"  36.99+0.25** 37.38x0.24**  37.92:0.24

b XHRAL  37.2620.25 37.50£0.25 37.92:0.34 37.33x0.25 37.61x0.25  38.10:0.40 37.34x0.25  37.70%0.26 38.45:0.25

T s FR P<0. 01, * F7R P<0.05,

A QR 1 N G (S S s o £
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Tab.5 Subjective feelings of test groups and control groups under three kinds of environmental conditions AR
T 37 C 41 C 45 C
PUPHEE) A PUPHEE) e X B2 |
T HRRR 5.46+0. 44 4.54+0. 69 5.90+0. 41 5.11+0. 61 6. 40+0. 55 5.36+0. 61
#T I B 1. 04+0. 45 0.54+0. 43 1. 47+0. 41 0. 76+0. 53 2.24+0. 94 1.27+0. 89
9 57 Ik 9.71+1.47 8.29+1.40 9.79+1. 50 8.89+1.49 11.82+1.99 9.80+1.79

‘B’E:Fﬁﬁ P<0 010
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Tab.6 Changes of subjective feelings of test groups and control groups under three kinds of environmental conditions

A Sy

37 C 41 C 45 C
30 min 60 min 90 min 30 min 60 min 90 min 30 min 60 min 90 min
U I 4.20+0.63 5.10+0. 74 5.2040.63 " 4.70+0.68 °  5.40+0.84"  5.90+0.74"  4.90+0.88 " 5.60+0.70 ™ 6.20+0.79"
XHRZL 5. 10+0. 74 5. 60+0. 70 6.20+0.79 5.70+0. 68 5.90+0. 74 6.40+0. 84 6. 00+0. 67 6. 80+0. 42 7.10+0. 32
- RIE4L 0.00+0.00  0.80+0.79 1.20£0.42°  0.30+0.48™ 0.80+£0.79"  1.50+0.97"  0.60+0.52"  1.70+0.82" 2.60+1.08 "

IiH

it XHIRAL 0.80+0. 63 1. 20+0. 79 1. 80+0. 79 1. 30+0. 68 1. 40+0. 52 2.10+0.99 1. 60+0. 84 2.50+0. 71 3. 60+0. 52
P WAL 7.10£1.37°  8.90£2.47" 10.30£2.26™  7.801.69  9.40x1.71  11.20£2.97  8.70+2.00° 10.60+3.10™ 12.20+2.78**
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