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Abstract

When working in a high temperature environment, people need to wear special clothing to avoid
burns. The special clothing is usually composed of three layers of fabric materials, which are re-
ferred to as layers I, I and III, wherein the layer I is in contact with the external environment, and
there is a gap between the layer III and the skin, and the gap is recorded as an IV layer. Determin-
ing the skin temperature of human body under high temperature operation and the optimal
thickness of thermal protective clothing is conducive to designing more reasonable and safe
thermal protective clothing. When the human body is in a high temperature environment, wearing
thermal protective clothing, respectively, to discuss: 1) When the ambient temperature is 65°C and
the thickness of the IV layer is 5.5 mm, the optimal thickness of the II layer is determined to en-
sure that the skin of the dummy is 60 minutes after work. The outside temperature does not ex-
ceed 47°C, and the time exceeding 44°C does not exceed 5 minutes; 2) when the ambient tempera-
ture is 80°C, the optimal thickness of layer Il and IV is determined to ensure that the outside tem-
perature of the dummy skin does not exceed 47°C after working 30 minutes, and more than 44°C
for less than 5 minutes. The finite difference method, least squares method, and bivariate optimi-
zation method are used to analyze the data, and then the safety risk coefficient is obtained, and the
optimal thickness of each layer of the thermal protective clothing is determined.
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Figure 1. Temperature change diagram
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Figure 2. Thermal protective clothing-air layer-skin system
2. BEHIPAR - E5E - KBRS

XTI R - 2R - BOR RS SRR s i -
o IMEEBMITMEET R, JET - 4EERES TR

DOI: 10.12677/app.2019.911057 464 S A B


https://doi.org/10.12677/app.2019.911057

HREG IR 45

o ARG | RAWNE ORI, DRSS SR AN SR B ERE
o FREEEEAMIL 6.4 mm, A EHGHA I

311 FRANSHFENES
B AREI R R, B R A AR S R IR 1] e B T TR ZE T S
RERFCAS, W L E AR [2] 40 s IR N CL AR ACRR SN AT S A, T B RS E R [2] 4
%%?L%ﬁ

— WM RE A E X RS R RIS B, TR 5 RS A 1, BT 4 e (X, t)
%mm:§,¢moﬁﬂ B, HAEEFEE
%®__9
ot ox W)
A p(X) AR, AL E RGN c(X)T (x,t) , AR HRE AT LR A
e(x.t)=p(x)c(X)T(x1). )
RAE Q)R Q) ZEEEE p J5, BRIREEFIHEFRTEN
o _o¢
“a o )
Hh p REWIRIERE, ¢ NEWIRIELEY, TR, ¢ NIESHEE.

BEMER
i B R WA SN 1) Py 0 3 I R v, Jd & 5 AT (1) 3 AR 5 A BRI AR T v
R RIELL, HARXERN

=k, @
s, KONSWIIAE S, T iR,
FeRBS R

HI #8517 9 BT BT 170, BRI AT A% T A — 4R 07 T o K8 B e () AN RE RS
TEERRITIE(3), 193] —4E75 17 I Jr is

or o, oT
pcaza(k&]o 5)
312%%#%”%F¢Mﬂﬁ%
RE & —YE L, R ZIARL i AR S e B AE x S REE — 8 e, — 3. 2 e,
TR %%F ¢ RORAE x gL IR R RS R S AR B R, AR R SR E T S
oe, _ 94
a

N NG SR AR I, T X A AR RRE R B (0T — 4 ) » Hoh g A — bR A
%%W%ﬁ,a%%%%—ﬁ%%%ﬁﬁ,ﬁﬁ%?&muUWWWﬁKﬂoH%ﬂ@Tb@)%%%%
B,

a9,

AloT =4 )=-—

DOI: 10.12677/app.2019.911057 465 S A B


https://doi.org/10.12677/app.2019.911057

AR EGIR 45

el

S - poT. (6)

FIEE, IR R A MR, T x A A REE R B (0T + 4, ) AITTFEE]

,B(O'T4+¢R)=aa%,

Bp

%—MR +foT* @)

NHEUFHEIRER 1~V R IR R, A 3 kK&,

Pufl T Puft &
A IPSE:AY iy
e
R
5
BERRAR
iThe
Tl
Ji/‘

Figure 3. Schematic diagram of heat transfer from layer
I to layer IV
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Figure 4. Flow chart of the finite difference method
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300s 71.44 67.93 41.78 37.25 37.00 37.00 37.04 44.54
600 s 72.48 69.97 47.60 39.10 37.07 37.41 45.54 47.34
900 s 72.94 70.89 51.31 41.47 37.39 38.01 46.00 47.48
1200s 73.21 71.44 53.87 43.68 38.01 38.66 46.27 47.56
1800 s 73.54 72.09 57.23 47.32 39.77 40.08 46.61 47.66
2400 s 73.74 72.49 59.44 50.14 41.78 41.57 46.86 47.73
3000 s 73.88 72.77 61.07 52.41 43.74 43.07 47.08 47.79
3600 s 73.99 72.98 62.34 54.27 45.55 44.50 47.29 47.85
4800 s 74.15 73.30 64.27 57.19 48.66 47.05 47.68 47.97

R A PR Z 7%, 1/ Matlab TH5A5 H, 7EAEH 10.2 mm AR T RAK. RSN RS Ak
B RSB N BR,  HAN U R T NI, BT DATEM B EE I A4 B2 Ak i T B, 75 & SeBri& e,
BRTH AT A B — 2 1T Sk

SN B R E I 2 (t =255« t=300s Mt =600 s)A RS R EE AR E AT, il <R -
MW" Z4EE, w5 fis.

80 T T T T T T T
- — — -25s
700 O~ 300s| |
Ny 600s
\.
> RS
L >, 4
&% 60 -~ .
%50 T 1
40 ¢ S
30 1 1L 1 1 1 1L 1

0 2 4 6 8 10 12 14 16
JEEE Imm

Figure 5. Two-dimensional map of temperature distribution at t = 25
s,t=300sandt=600s
B 5 t=25s. t=300s % t =600 s BIZIHEE 57 4R

& 5 a1, t=25s. t=300s /2 t=600s %632 EE IR EBIREE 0T, BT PASANIZ)
AR E A3 A T LS ARALL, 150 B 127 R 2R 3L A R AR
NIEIR 90 Sk N BT A I Z0 35 IE AR, W A i = 4E 1, Wik 6 Fiw.

DOI: 10.12677/app.2019.911057 472 S A B


https://doi.org/10.12677/app.2019.911057

HREG IR 45

80

70‘\

60

I c

504

40 4

x108
8

IS 0 o 2 KFE/mm
Figure 6. 3D map of the temperature distribution of each layer of material
6. EEMRIHEE S =Z4E
Bl b (0 R T P A X, I (VR TR P I X 3
I 6 w51, JERESIREREUR L, NFEERBTT RS, BT PR BORRAS, (2T N
GRS, IR N A R RIS ©V 2 BERSAT T s TR S5 N TB) A AR A IR B, R A el P55 1 B[]
B, i 2B T
4.2. IR =RIRAE
% 1 R T A AR B R A L, R B aRvERS (L, f) AL R (7.6,1.05). (7.7,0.39). (7.8,0.07).
(7.9,0). (8.0,0.1). (8.1,0.3). (8.2,0.6). (8.3,0.92). (8.4,1.43)ik4T#hLk# &, 55 f — L, KNG EEN
f =0.0069L° —0.1102L +0.4377 .

FRAE £ — L, BUBLA B, BT A A 0.6< L, <25 Mllizk, LI 7 .

2.5
2r Y
/
/
L5} /T
= /
> /
1t /
0.5+ /
X:7.92
Y: 0.01
0 n .._/ 1 1
0 5 10 15 20 25
L, /mm

Figure 7. Curve fitting of f —L,
E7. f-L, (A E

DOI: 10.12677/app.2019.911057 473 S A B


https://doi.org/10.12677/app.2019.911057

M 7 mEn, 4L, =7.92mm, fEEHR/ME0.01. Kk, 11 ERRLEERN 7.92 mm,

B ONOZMEE L AR, SN SEEER A L WAEE A, B ER PEEN
PEAEAE Ly, 0L FE L2 0.6~25 mm i () XIS —AME A< ]8R ARAS B 1 S AR R BEA 7.92 mm,  FF 51405
4.3. [ERE=RIKHF

CEIEE L2 2B 1IN 2RI L, =0.6 mm ALy, =3.6 mm . FIFH #ie SR K ik oy fRdl, @
REA PR ZE 72 S PRSI O 80°C IRy 4 — I 22 — A b AL R E, - HLW /2 TARIS IRy 30 234 [
I 22 L oy A = 4E R, LA 8 .

80
@) 60
@
I 40
20 S /"\ 40
2000 <
1$\\ 30
1000 \\ /{/ 20
500 ~. 10
B[Rl /s 0 0 JE E/mm

Figure 8. Temperature profile at an ambient temperature of 80°C
8. MERE RS0 MHERENHE

B L TAE 30 438, BN R RSMUNR FEAE 44°C < T < 47°C Z[8] (I (R AN 5 23 Bl ix — %A, X
80°C MR HEAT L, 13 FEFEEAE 16.9 mm I 22K, HOE/NERE, g8 11 E8WIR kL)
JERE 9 7.53 mm, BRI L, =7.53mm.

IS IV 22 URE N

Ly =L, -L —L, -L, =517 mm.
HRYE S AR S EUE 7T A0, 58 IV R 5 EEE 5 0.6~6.4 mm, THEL TSI IV 2 HBALE L Ly, =5.17 mm

EZVEE N, KA 2 EFET .
AL, 934IRE508 N 80°CIE, 11 BRIV EREMEE 5524 7.53 mm 1 5.17 mm.

5. IREDH

b T B — e B PR TR BT, R R S TR SRR B R R S 7.9 mm. %S RE R R
SAE R A B () S IR AN 47°C, BB R N RAS Y — G ket o

(HEZ B HABI, SEEUMRH SRS R A B, W% AL T RS T R BT R R, 2l
Gt A o DRI, 7EULIERE B TR, & MBOEE RS WIM B R R, LA R
G,

F T3 B — 05 5, B Sk J8 4 R T i, DRI A — 2 e 00 A s SR8, B9 N Ak B UL P ANt 44°C

DOI: 10.12677/app.2019.911057 474

L 4 2


https://doi.org/10.12677/app.2019.911057

HREG IR 45

Dl kb 2z e RS 2/ 0 f /T 0.53, TR R AL I3 FEAR R (M 2 SR A5 A e
f(L,,t)<0.53.

1B A5 2175 FE R ZE i S ML B RE AR AR Dy
min J (Ly,) = ZLZL( i (L t) - f*)z

st.  f(L,,t)<053
t<5
06<L,<25

1B /N TR B BT R AR, TSR L, =8.73mm I, 24 KU R AR/ . kR A, N
AR EIRAE M N ) 224, K2R 1| Z 4N R FELE 7.92 mm f3EAE FAEK 0.81 mm, BI&ALJEE K 8.73
mmo.

6. &it

XTI —, AR SC #5057 7 T 2 EE IR A0, BT SR AR A B S 1 E AR B AR S I
REESTIE AR, FRARE(E B e AR 2k S T ERIA s, P& 1981 —4E 07 M A& A 77 R
SRIGARAEZ I 7 R BIHE SRR T 55 10 1. 1L IV 2L T RE . WIUR 46 1E DA RN i 11032
FLEAT, WS T #AEIBRA . R BR 22 202 B R sk 2 7 RR AL BT SR A, K DU 2R AT 28
B, TR T B[ e I 20 R AR IR A R R — I %R AR R s AL (KR A A = 4k
%4 t=2300s i, %I 5 E A 0.0.6.6.6.10.2. 15.2 mm B B TR 53531 A 73.22°C L 64.51°C . 47.56°C -
37.04°C. 37C.

MTRE=, BT RBERAANE, R 2R R ST B, BEE R HRIL K,
BRIV N7 IE ) R, PSR EH X R PR S TR R e g S ) R A R A B/ IR AR ARAL IR R, AL T DL 4R
W REOH HbRRE, ANIE R BRI G RN A R A IR R R IR AL, 22 4 AR REOHAT B . R
JGIE BN REMALCERNKRE f 58 1 ZLEUWEEL MXR, B3 0L LER
f =0.0069L% —0.1102L,, +0.4377 . SRAFAFEIE 1| ELWnIEALEE R 7.92 mm, 2242 KK R ECK 0.01,
TEZAEEN

NTHE=, BTXEERAAnE, @7 TR B B S0 2 4 KUK R ek ik =,
T8 T RS PR 22 4 IRV SR E bR R ORI 20 R 2% A o H AR R B AR 0 T U O B IO 20, #2577
AR . SR 5 R B/ R PR ZE v B AT SR, e/ IR SRAS B T R 2R
AKX A, A/ NRABVEE, HEAARZEME, TERRSAEERRESME, RIS 1 EH
5V ERIEE 5728 7.53 mm F1 5.17 mm B, 224K REUR/DN, WS N ZRE IV R EE 5
49 7.53 mm #15.17 mm.

T
71 BRI

1) = REMELEAT T 0 b, AL IEE Y, RENS UATHER I TR A R 1) AR R AR AR 5
A FRTRLIRE AT T H B A i A b PR IR B AR N B2 AT DAAE AN R E T 22 4 AR R i KA 1] 5

2) LR T ARG IPE RPN PEETT I, B e HE R TR T R AL S AR . R
R T mit ARk RS B2 TR A2 B, AR B Il 5 SR D 5

DOI: 10.12677/app.2019.911057 475 S A B


https://doi.org/10.12677/app.2019.911057

3) MARERE T —4ERF UL IME, —ERRE BRI RIS, SR SN S
7.2. 1RBHIER S

1) TR R N S E RAE AT AR, A 5 R AARRT SRR 5 LR 7 AT, R, ZmgT
NART] DB T B 5 2CHER,  mT R e IR AR AL 3 e i

2) REETHLR, AT 5SS BRI, S B, LM TREsS
HRZ,
7.3. {ERIRGHE

ARSI A A i A R T ARG HE Bt v 5 o vl A ol e PR IR A TR 8, i il NAREAS [T E T 22 A
My ORI RIS S SCRP A S T L AT AN ARV B « 1 S5, V™ BAE mIRIA 5 AR Gt it
AR AR T AR .

S5k
[ W AP A O S B B Mt S LD (L2 Gig 5], BUM: WRTEET K, 2017,

[21 52, fRAESE, (RBRZL. N =) B4 A 3 it 152 A ) B Rse 0 BE TR I]. 47 21 # 4k, 2018, 39(1):
111-118+125

[81 A, ZEHAEP e G A [ S Hun R Y g [D]: [k 2= A0 5], BiMl: L3 TK%%, 2018.

[4] A, RBRAT, et S AR FREEEN — KRR S SRR R B R R B[] 44153k, 2013, 34(6): 40-45
[6] KJite, SKIBUR. T AR BRI B 5 IR AN DB FE[3]. B 22 R 554, 2007(11): 134-140+177.
[6] seE. HAESHFEA PR Z SRR MATLAB SZEL[I]. JakBH T 2205 24, 2009, 24(4): 27-29+3.

DOI: 10.12677/app.2019.911057 476 S A B


https://doi.org/10.12677/app.2019.911057

	Optimal Thickness Design of Thermal Protective Clothing
	Abstract
	Keywords
	热防护服的最优厚度设计
	摘  要
	关键词
	1. 引言
	问题要求

	2. 数据获取
	3. 模型建立
	3.1. 热传递模型
	3.1.1. 传热微分方程的推导
	3.1.2. 热防护服织物层中的热传递
	3.1.3. 热防护服空气层中的热传递

	3.2. 最优厚度模型
	3.3. 双变量优化模型

	4. 模型的求解
	4.1. 问题一的求解
	4.2. 问题二的求解
	4.3. 问题三的求解

	5. 误差分析
	6. 结论
	7. 模型评价与推广
	7.1. 模型的优点
	7.2. 模型的缺点
	7.3. 模型的推广

	参考文献

