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ABSTRACT

With the development of themal observatory device(TOD), thermal camouflage system has been applied not only
to the weapon system but also to the combat suit for soldiers. In this paper, the characteristic of thermal radiation
of human body depending on the clothing material properties was analyzed through numerical simulations. The
bioheat equation with thermoregulatory model was solved to obtain the realistic surface temperature of human body
and these results are combined with the emissivity of human skin and clothing in order to calculate the thermal
signature from the human body. According to each thermal resistance of clothing, the optimal background radiance
which makes contrast radiance intensity(CRI) be lowest is different. Also, the average CRI variation per thermal

resistance change is about twice as much as the case of evaporative resistance change.

Key Words : Human Thermal Signature(213] €443, Clothing Properties(2]% £4)), Thermoregulation(F]- &% 2-8),
Numerical Analysis(5=%]3}4)

JllEAdd e HY (JkgK)
T 2% (°C or K)
p D= (kg/m’) E o 9HEE (WmK)
wy - BFREE (Us)
* Corresponding author, E-mail: hhcho@yonsei.ac kr Sh ;& E¥d ot =4d (w)
Copyright (©) The Korea Institute of Military Science and Technology Cs : 3 =23 IAE AL 24 ¥4

644 / = A e 7]k 3 X)) A22d A52(20199 109)



D83 343 A" Al 2 A4 (WK)
8 8FY ANURY (WK)
(%] /1\_]_;2‘” l?—?’]i— BE:] 3 ‘T’C]: §:]_‘—XO]— 7:"T
a, A BEE R 5 AL
* 12 W 34e] JA 4

q :
R, : 959 4A4E m-K/W)
R,, : 9% B5AF (m*kPa/W)

Ahdoll A A ] Aes sl Ao 1A
gl FAHA G sk AvEA| 7}

FAGHE 7P, weld, A
yet 2] £ 7 BE 2AF WARehHE 812

vholzzulEls] 94914 S BAT F gt 9
=

=
A ae FEE 4 ole Szl o= ol
9 Az AT Qe @), Aash gL g ¥
AAAL A0 A e

Aol W] AEA e
s} w7el
£ 2o7] 1% AU ANY 22 AAF A
=T o5 adlel val Aed A5 WEHEHS
o
A

Aot} TODE 4
A9 Ae s "Ael o] gstnR o

3l Aol 4ot} Sitvienkins §1e] olTto]
o i 9l o ES A8t webs] ToDel
v @AREE g Azl wek 248
q e &-83k3itt
sfehs 22 A 2
Aol Stk 1 FollA
ule} Walels 95 2
oo FA7F 4 mm A=
’3(Transient) &= o] ol A
L BARES] A E o e o
Plg 7M1= Aoz delA Qlth
wglgto 24 QA= N 7o
AL ol wl A= AS IdA

oy &
o
ox

o u{m o o

(B2
of
o
3
(&

R
ne

>~ I
2 g
odt
0

=
fo, 12 n@ 2L
1o X
o, o
S
=2

9
]

) ®
e
e

-

&2 ot
fr
K}

g0

(o3
K3
o
=

H]

= U =W (e B
fof o & fo Jo & f1°
=
LA
R Y
mloig
)
o

ox
ut

= QARRE o= g AeH 4
& FA) 9k

webd B A o8
A gEe dEA oAM=
Aol GAAlFol n 3
Aol e AAE &S Yall AeF ShloA

A=

SHFAV) S (Diffuse radiance intensity)
5 ARkET bl MRS sl WA EAZ
I=(Contrast Radiance Intensity, CRI)E A|A|gto 24 2
M Az AFARE AAsta AEA wE
AE BAG setsle] £ AslEA el
A Aol ardalor & A AlAESITh

w1l

2. A7 W

2.1 xsiY o 2 =E

FA A o] AFER oA REe Fig 1(a)¢} 2ol ¢

525 283 A FE S 285, Covered)d o
< ZE3HA @ol YHE =od AlA FEEF =
=5 Uncovered)= Uit} Z+ AA| FEES FdA
o] % e 7+ FHE 7P v xR 2l
9 HAoh oE Z8Fol A Fig. 1(b)ok 2ol
(Fo)), &5, A, AF #ZH|9] v T2 A i
ol o] & (clothing)o] AR Y= HENE zb=th 1t
WO =ENE Fig 10 2ol o glo] v
229 FAEo] ok §F x=FFe= d=, vE, &
& EoFE F Sl AA FEom FdE] glom
ol AGH= ol& AT Y| A FEow
dxlo] Qe ofol] uwhE} ejF-elA vlEtRLS uf 1A
o] FHZEE o AR A R FHLE
(Clothing temperature)o]™ 257 =34 79 A

I 5 2 (Outer skin temperature)”} YFERITEH

%] 8]4]2 RadThermIR 10.4.0S A-g-3ke] a3kl
o Bioheat A4 2 A& 2H FEol XS 9
3}o] Human thermal moduleS 283k 500%-7F2] H]A

AL al 7| 288 A A22E A5E(2019 10Y) /645



(a) e Covered (b)

Uncovered

o~
|

\

Outer skin Outer Skin
Temperature

Tnner skin

Fat

Muscle

Bone (core)

(©

Outer skin Outer Skin
- Temperature

Inner skin

Fat

Muscle

Bone (core)

Fig. 1. (a) Analyzed human model and indication of
covered(blue)/uncovered(gray) part, skin layer
structure of (b) covered and (c) uncovered
parts

Table 1. Comparison of mean skin temperature
between simulation and experiment
(Young et al.!®l)

' Mean skin Mean skin
Time . . Error
[min] temperature [C] | temperature [TC] (%]
(simulation) (Young et al.'®)
0 33.24 3427 -3.1
30 24.06 25.07 4.1
60 22.74 23.33 -2.6
90 22.38 22.35 0.1
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Table 2. Cases of numerical simulation for evaluating
clothing property effects on human thermal

signature
Thermal Evaporative
Case # resistance (Rq) | resistance (Re,c)
[clo] [m?kPa/W]
1 TH-EM 1.2 0.022
2 TL-EM 0.4 0.022
3 | TM-EM 0.8 0.022
4 | TM-EH 0.8 0.033
5| TM-EL 0.8 0.011
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