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Abstract

This paper mainly studies the one-dimensional temperature distribution and thickness optimiza-
tion of a typical high temperature operation special suit. Firstly, the finite difference method is
used to discretize the continuous heat transfer model, and the undetermined parameters are es-
timated by using the constrained nonlinear programming, and the internal temperature distribu-
tion of the garment in 75 degrees Celsius high temperature environment is simulated. Secondly, by
reducing the constraint conditions to simplify the single-objective planning problem, the optimal
value is 17.6 mm by using the Fibonacci method, the Golden section method, the dichotomy me-
thod and the two-interpolation method. Finally, an algorithm for effectively shortening the inter-
val length to solve the feasible boundary points is proposed, and a simple complete layered se-
quence method is used to solve the multi-objective programming model, and the optimal thick-
ness of the Il and IV layers is 19.2 mm and 6.4 mm.
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mrR AL FAREEE = 2SRRI R, 108 1 I T2, b 1254 EEfl, 111 25 Kk
ZIANEAFAER B, KB IV 2. PERE R AP AR BT AT AR TAE N AR A fir 22 4, ST BLERCOR R FEE b
P TARREE. Mk & AT, MRS RS RERES ERIRTIR T, &)
JRRERE”  AENAE RIS T LA — B 1Al ja BRI KRR EEAE S ERVa  AY, ATE BB A A o
ERAERRE. N TR, ASCHET 2018 4 ER A AR BEESE A BT St BT 7L

BIE T FAEPNIREESIE 37 CHRBNIELE 75 CRiRM s sLmEd, 1TEEEHN 6 mm, IV
JRIEREDY 5 mm. TAERFIEY 90 7344, &R BBk A A 2

B 1 THIREMESBUELE 1) B85 2 BN RRSMU 05 2

ik

Table 1. Parameter values for special garment materials

F 1. TRREMRNSHIE

7z T (kg/m’) LI/ (kg C) Hfte 3 4(W/(mC) JJE (mm)
9= 300 1377 0.082 0.6
)z 862 2100 0.37 0.6~25
11z 74.2 1726 0.045 3.6
vz 1.18 1005 0.028 0.6~6.4

A I I S A S E AR R SR e DA ) R
M 1. EEEES R NSRS REE S .
MR 2. ik I ZEE, {FiFSHEEERE N 65°C. IV ERERE RN 5.5 mm. TAE 60 80N, WA
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itk 47°C, HET 44°CHIREAED 5 708
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Figure 1. Model Abstraction diagram
E 1. BEmRREE
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TR B 2 HIHABAL SR S A o 72, PRI A) 4 = e R T AL O — A VB, (X T i
VRNV AR AT Z 2 B R R T AL TG R, IF LA bR &R

3.0. “RE—" pEN

ST R BRI B SR AR R, i | AR R BEEERRH 6.4 mm (<8 mm),
IR/ N BTG BRATRIES), IR S SR [2]. BT AR T 2SRRI T 441
SRRRIRERHEAO4E AR, RULTE T 28 T 2 U bDob B AL A 6 AT LA 220 RS 1] 00 R 3B A
B AR TE, eI R S A R A BT R A, 6 RS TV R A7 seh T LA 220 44
BP[31. AR B F B4 8 e 70K BN I, 7 BAZE 2 U2 5 A S B 22 51 7, AR R 1]
[2]. HRAE LR JE SRR % SR RIS T P 7 IR TR 2), SO T AR S A
JIR A TSR g — 25 7y B R BRSO R, AR ARG BCR BN 18] W s A V8 I 58 5 5 AP A0 B2 70 A1 bR 4
u(x,t) ¥

Table 2. Main heat transfer mode of fabric material and air layer

2. AUMRIE=SENERERAR

PRI 128 EEE BT
LI L IV ESWR 6 ks
Bik i+l EYWIMEE R 7, (1=1,23) Wt
1 EM RS miR IR R AhA 5t 7, XA A
IV B2 AR5 NMEBRRIAE St 1, XV A
] — WEERNS
x x + Ax

Figure 2. Diagram of the Thin bar
E 2. Wit REE

Bl AT R e (x,¢) RTIFE] ¢ H—Bri&s: S8, KT x A PiEsn) S8, £HES 4
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AQ =cmAu ,
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RFRTTE AV (KEROTT A Ax )RR
AQ = cpSAx(u(x,t+At)—u(x,t)) R

At — 0, B,
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bt p NS i ZURPRHZ 18 B s R 20 Rl AL i SRR 1 B AR R 8 h(dy oy oad, ) N
h=06d +06,d,+---+0,d,+9,,.,d

AT 2 5 R 3 R, fRRR A A —AFERY, 43 o B AT BAR

Table 3. Objective function of establishing multi-objective programming model

3. B ZBRARER BRR

Tebrde 4 HAr 3L v H br %L w H bR % h
i G 2 {2} v=pd, w=p,d, h=d,
7] % 3 {2,4} v=p,d, w=pd, +pd, h=d, +d,

RAE 3, @A “BARZ” R

min p,d,

min p,d, mind,

mind, u(X,3600) < 47
u(X4,3600)<47 7 stdu(X,,3300) <44

s.t.du(X;5,3300) <44 0.6<d, <25
0.6<d, <25

[FIERE ST “RER =" ik

min p,d, mind,

min p,d, + p,d, min p,d, + p,d,

mind, +d, mind, +d,

u(X5,3600)<47 < u(X5,3600) <47

Ju(x,,3300) <44 Ju(x,,3300) < 44
S.t. S.t.
0.6<d, <25 0.6<d, <25
0.6<d, <64 0.6<d, <64

4. IRRIEKR R
4.1. 18)RE 1 KR

LA SR A S0 KBk, AT TR Tl A S 4],
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X

i b 6 PRI 22 IR I35 0K R AT R (R A, 01 B X7 T A AR AT
“Saul'yev AXVHHS R T (81077 it 22 s 2% T DU IARINT 1822071,
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Table 4. Stability and truncation error of several differential format solutions, of which » = tz
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A A He O(Ar +Ax?), if&:% r< 2a(11_29), if039<%
O(Ar+Ax*),  else Te L ph, else
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Du Fort-Franke 3 O(Ar + A% )+ 0(Ar'/AxY) Tk
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TI- 4 TE 5t O(AF +A¥%) Fostt
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k k-1 k k k k-1 k-1 k-1
u, —up ﬁ(”jﬂ —2u; +uy, L 2u; tuy, J

At 2 Ax? Ax?
A_
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(L FEAF)
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H = F LM T RRAL Ay (u(t)) = 2 () » S50 3 (et )) BN DT (1, ) OB ML, SRABALFR T DL
SR TR

37 u(x,.,t) u(x,t,)
37| wom u(x,,1,) TR TR u(x,,t,)
37 u(xm,tl) u(xm,tn)

BT T REHRBOERE D & A RMSE N 5 by, LSRR E AT Z 00 75 ZR AT Al
Be, (h,h,) AAE 75 CrRlid ¥R N TAE 90 73 ja N A B IR AMUE BEAH XS R Z2 10 B, A ST S AR
S5 hy AL AARLNE R 17

min

e, (h.h)|,
100 < i, <140 -
"18<h, <9

FIFH Matlab {4k T H A fmincon eRHIEATRAE[9], 13FI5E 5 Fngs R

Fok, EFERBUE X (A, h, ) €[100,140]x [8,8.6] Zii@ K if, AL WA HATIRE

S, XZHO BL 1 P KAE [100,140] BUE L X2k, LL0.01 9P KAE [8.1,8.6] HUEZEATAE 114
R, b —h —e BI(LE 3R A =114, h, =835 NEMM, HALRMX RN BT F XK
(h,hy)e(113,115)%(8.34,8.36)

H0b, B H UL 0.01 ABKL WSE R LL0.001 AP KTE, HSH - —e FLE 3)
AT =113.69 5 h, =8.350 AmAMAE, LR e, (. h, )|, =0.006978 -

T3 ) A B kG B R AR TR P R R IR, HER S FUREE IR, @A RS
YERURISRARAR I ZH b 5 b, BRSSO, B b =113.62,  h, =8.35 (TREI/INEUSUS L)

ST =X T R RO R 2R M T R Ax = b SRIB T BB x = 47D, (SR 10 5 f) 25040 0
BEUR B RBUERE 4 R T EX AU AL EuRAEE, HRTRBVAE, N7 HHFEFIEITFER
AT, ASCRAB R =5 TR LRI T FRA Ax = b SRAR[10], SBRRAIR .

DOI: 10.12677/aam.2019.82038 342 IR Esid


https://doi.org/10.12677/aam.2019.82038

Table 5. Optimal solution / and 5, obtained by constrained nonlinear programming

5. BURIEEUMRIKBASRILEL S I,

AL AR SL B b B b, EEEE ¢ IEATHH(s)
active-set 18 113.614519 8.349824 0.006963 120.642654
interior-point 19 113.620359 8.349877 0.006963 149.701987
sqp 20 113.620376 8.349877 0.006963 145.764328
140
20 5.
é% 130 N 20+
W& 15- W
# 120
X in 10+
BS 5
-‘; 10 7:0.3931
5 0. =
140
‘ 120 g4 86
1031 82 83 84 85 86 100 8 8.2
: e o : : iR & Bhl 7 Mk R %
ot T ZHeh2 ERTE SRS o i A Heh2
(a) (b)
1 1.24
—114.5 K2 14
= 0.8
@ ' 0.8-
N
& 114 0.7
fﬁ 0.6 0.67 X:8.35
~
e Y:113.69
1135 0.5 0.4+ 7:0.3048
()
/], /// 0.4 0.2
115 8.36
834 8345 835 8355 836 : 114 1138.35 8.35
S A R h2 R & hl M R %h2
(c) (d)

Figure 3. Contour map obtained from the traversal search and A —h, —|e, (h,,h, )"2 figure

[ 3. BHERASEEER b - h, o, (h.h),

F—5, BREUERE A T LU MRS a=L.Uu, b LA =AM, URN T =AM, A
TR Ax =b N LUx=b ;

WP, RMEITRELy=0b;

W00, RFITREUx=y .

KRR R Ax 5 Ar IO R THE TS A A B R AMUR LA R ZZAFAE 22 57 2 Ax BT Ar ORI,
BTIRZBOR: 2 Ax R ACBUNE, tHRIRBON 2, RRM&ENRZERR. & 6 F128 1 UM Kk
BARNE G, RIVER Ax =0.1mm 5 Ar =1s I Jri3AH R Z IR 5 ST AN BON B . 5] 4(a)ffies
h=113.62, h,=835. Ax=0.1mm . Ar=1s B KM RZE G N R RSB R, &
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4(b) 7R T 75 Cra BT T . TARR KON 90 70 B ARk ik 5 25 UR BRI 730 A7

Table 6. Where Ax units are in millimeters and A¢ units are in seconds

6. H ax MBAIAER, ArEVBRLIAR

(Ax,Ar) HIX 2% AT (G) (Ax,Ar) HIX 2% BT ()
(0.05,0.1) 0.019388 87.832322 (0.25,0.1) 0.265928 4.623317
(0.05,0.2) 0.019765 42.368363 (0.25,0.2) 0.265501 2.317448
(0.05,0.5) 0.020959 16.875455 (0.25,0.5) 0.264223 0.942641
(0.05,1) 0.023129 8.428869 (0.25,1) 0.262109 0.470140
(0.1,0.1) 0.010401 21.981671 (0.5,0.1) 0.371924 1.859278
(0.1,0.2) 0.009931 10.897982 (0.5,0.2) 0.371436 0.918695
(0.1,0.5) 0.008622 4.384678 (0.5,0.5) 0.369976 0.370216
(0.1,1) 0.006965 2.192980 (0.5,1) 0.367550 0.188296
(0.2,0.1) 0.052980 6.917323 (1,0.1) 0.538933 1.079642
(0.2,0.2) 0.052419 3.500673 (1,0.2) 0.538947 0.533379
(0.2,0.5) 0.050741 1.416722 (1,0.5) 0.538995 0.218443
0.2,1) 0.047968 0.701176 (1,1) 0.539087 0.117227
10
50 (a) ' ' % (b)
6
80
O 46| 4 70
=
@)
= 5 i & 60
= oK
ES = g 50
= o 10 &
i
&
< 1-2
150
T -4 6000
o E:ﬁf&ﬁﬁéﬂ% 0 4000
— - . 2000
*% 1000 2000 3000 4000 5000 6000 ARG AR /mm o= I [a)/s
i A /s
Figure 4. (a) Calculation results and errors of the lateral temperature of human skin. (b) Calculation results of temperature
distribution
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Figure 5. Diagram of iterative interval of 4 search methods
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Table 7. Calculation results of Model Two
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Figure 6. (a) The thickness of the II fabric material layer is d, at 0.01 for 3,300 seconds and 3,600 seconds. (b) The tem-
perature change of the lateral temperature of the human skin within 60 minutes of the operation of the II fabric material layer
thickness d, =17.55 mm
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Figure 7. (a) Initial feasible domain; (b) Number of iterations of new algorithms in the application of different
one-dimensional search methods
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Table 8. Model Three Solution results
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4 pud,+ pod, d, +d, d, 192 6.4 298
5 d, +d, d, pud, + pid, 192 6.4 298
6 d, +d, pud, + pid, d, 192 6.4 298
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