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Calculation model of total thermal resistance of bedding and
clothing system in low pressure environments

Zhang Hualing ., Yao Dajun, Hong Shiyao

(Faculty of Urban Construction and Environmental Engineering,Chongqing University, Chongqing 400045, P. R. China. )

Abstract: Clothing thermal resistance is a key factor that affects the thermal comfort of human body. The
total thermal resistance of bedding and clothing system in sleeping at night includes the clothing
system resistance and the body of the mattress system. In the low pressure environment, there is still a
lack of experimental data and calculation model of thermal resistance, with no reference to theory
models. In this paper, based on calculation method of the total thermal resistance of bedding and clothing
system in sleeping, the calculation model of total thermal resistance in low pressure environment is
established by the introduction of pressure correction of related parameters. The typical total thermal
resistance both summer and winter is calculated using the model. The variation rules of total thermal
resistance caused by the pressure reducing is obtained. At altitude of less than 3000m, the increasing
coefficient of total thermal resistance of bedding and clothing system caused by the coverage ratio of blanket
is not more than 0. 05. The total thermal resistances both winter and summer increase with atmospheric
pressure decreasing. There is a same maximum percentage of 42% under the condition of 23. 3% of blanket

coverage.
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Fig.1 A simplified model of the human

sleep mattress system

NARHCRAL A - 97 5 B2 Ik T 13 42l 358 20 v %
P Qi BT 5 BIR Z B 25 T2 9 45 S 3 2 1)
i Qo VAR BT 5 R £ 42 Ml 758 70 1 2 R Qs
NG G5 B Ik 5 5 N 2 0B 4 il 3 o0 1) A A i
Q. T e 5 ] B0 05 1) A A5 i Q5 VR I AX
MR T Z A A A Qs IR M T E S S
Ji [l 2 Rl e it Q2 7 WA . BT AE R ST E
E T JE O HE S AT TR IR ST AR R S
AR R L KD

patients;

total thermal resistance; pressure correction;
1 1
= =
1 a 4 a o h M +
Ri gl T, 1
b h RJ\ RH Rl)
a a a as
3 4 5
==+ =+ + 1
Rm i R(‘ + L R(‘, + E
h h
11
1 RA 1 RlS 1 + a7 1 (1)
R7A+R71;+Rid/ R(‘—‘—Rl‘f’z
. Rb 1 Hl’ab[ﬂ
H R = - 9R, - 9/7 = h[,
AR = Z iR =3 *
_ 1 1 Re n _ Ra
hr ?R[) - AD N hc ’R(I - hc . AD +AD/ ’RB - AB ’RT

HRERGE B m® « K/W3 R, S+ S HEH
m’ « K/W; Ry A7 50 18 28 & AR m* « K/
W Ry kPR IR B B Ay T AL AR . m” » K/ W5 A,
AR R, W/ (m® - KD 5 b, SR A A R
m” « K/W; h S Xf 3 4 20 R0 0 5 3 40000 &2 A B A R
oW/ (m® - KD s oo Ry 4530 20 A% SR AT 7 IR R
R E S, Y05 He BT IR mm; A, HHET
SHEFW/(m » KD Re AR R3S HORBH
m’ « K/W; Ry, g N SR 1 A7 1 FRHBH , m? « K/ W
R, RIRACFIR B 2545 4 FH . m® « K/ W5 Ay ok
FRMEMA . m*; Ay HIRBHE R, m*; Ap b ANPRIER
M. m*,
1.2 FER/NT#H R RS HRENEE

TER(DH, 0, VAL AL Ay 4 DTS ARBER
JEARAE s Hea Ay vhe 3 DSHI1HE S BN AN 2 RS0
MNES A WX R R R e SRR
R BRI TF AR AR R B A M B R &R 4 R R
BH . HUF SR BR B8 A 40 # R 8 he HEATIE IR
1M A8 AT AX) Ra bRy 585 he RS EGHTTIEIE A
T 7 G 2R 58 T 1 8 IR &R gt A BB IE 15
R

WA 1934 4F 2 E M ST R R IERTIET)
A AR BB (R4 A 520 . Buettner 25 1 4>
T T B R AR = B 23 0 AR AR B D) ) R O A 44
IS TR RE he 5 RRET) p, ZE 45
HeR BB KIM S50 A S i 4 40 R BBt 2 <%
JIF $ 48 BOR BOR 8 4L Kandjov! ™ o 452 Hy 7 % Ui 46



8 X K #EH 5

IR L OAR % 39 %

AR he S RIIET p, ZIBBRBCR, 1999
4 Kandjov! ™! 74 ) FI A LI BE 56 H 4 4k S i1 17 X
TR R I he RZE A AR R B he BT 2R ALY 2K
FRERLHZ M T BRI B w R K G2 BB R
Wi W AL B YL

R [P A AL B X e RSO 9 A A T
BT T BRI S, IF 45 A © A SCHER Y R R0 I
L AR RN A5 R

Xt B SR s R

pp 0.5
ho | (00)

R L\ 08
(&)

X G MBI B To e M4 5 P o B A
Tt s p N AIES) kPa, XY R E D,
AR 07 R B AR AR E R U R I (E 4 T
B p” M Ze s iz W B AE RUE T30 p I BT X
9 1E

10* < G,,P, < 10°
2)
10° < G, ,P, << 10*

X 558 i) X 5 S5 1]
p 0. 466
} (p—‘) u <2 m/s,400 << R. << 4 000
L(‘.p o 0
heo o p 0.618
(p—‘) u>2m/s,4 000 << R, << 40 000
0

(3

s ReAFERG RN G w AW E . m/s.
AT L L AEAR S 25 17 o 40 34 AR BB 2 T 2

R BRIV A g e AR 2 BELAS AR 5 B 353 1] 114 % 3 1%
B G I R RO T A R I B IE R

k

;?6w,ﬁ¢kmmﬁmﬁﬁ@wwvwo@ﬁ

0

FIAZAE & AT A

Po

HhT AH AT A5 1R I B 358 1 2R 8 A B T B Y

hy = hey +h, = (%)k chey+h (D)

1 1
+ P
L NIV A I (' S (-
RT.p Rl + l 1 -+ L -+ 1
P h’l’ RA.p RB RD.])
az ay as Qg
+o 4 —
Rm hp l 1
R. + B R.+ I
1 1
+ _—
RAvP RB + ar (5)
L1, L e fral
RA,p R}; Rd.p/ b ¢ hh

2 REEREHBREZLSABITES
S

YNNI RS R VIR AN A P K SR
AT 4.7 W/ (m® « KD B G KA 2 3 50 IERAR
[vi) A 285 1 0 S 0 A AR B AT T R AR B R R
A3 I i G 4 B R Bk 3. 235 W/ (m® » KD,
I Ah  KIM S5 (9 BiF 58 32 W] KUK 0. 15 m/sHf,
HWE T N5 = SR R ROR BT R
5.1 W/(m* « K),

KA T Bt 8 4 1 3 1 A A Tl e 2 (6) 1A

H ( 6357H )J

1 000
6 357%71 000

6.256

Dy = P{IO. 025 5 X

(6)
A H R m,
2 (6) 53 JE T IS HUE M AR (D B FIR
[ 98 52 5 T B0 AP R e, R AR B
h,s W1,

x1 RSEFET b, b, &

Table 1 Values of k., and h, at different altitudes
W/(m? « K)
KAE ke BRI (R=0.5) 3&HHE (k=0. 466)
J1/kPa B /m ey Iy hewp hy
101. 32 0 5.10 8.34 5.10 8.34
89.87 1000 4. 82 8.01 4. 80 8. 04
79.53 2000 4.56 7.79 4.52 7.75
70.11 3 000 4.30 7.53 4. 24 7.48
61.64 4000 4.05 7.28 3.98 7.21
54.02 5000 3. 80 7.04 3.72 6.96
47.18 6 000 3.57 6.81 3.48 6.72
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Table 2 The mattress system specific parameters

of each component

KR/ #F HAEGR/ (kg m D) JE B /mm
2P (QL) 0.56 15.23
Z B (Q3) 0. 84 23.17
Al BiE A (SD 0. 83
Al B A (S2) 0.46

KB 0.11 0.96
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Table 3 Five mattress system combination selection
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Fig. 2 A typical form of summer clothing
system total thermal resistance
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Fig. 3 A typical form of winter clothing

system total thermal resistance
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Fig. 4 Increase coefficient of typical form clothing system
total resistance of the relative standard atmospheric

conditions in Different atmospheric pressure
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