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Effect of Quilting Factors on the Thermal Insulation Property
of Down Products Based on Spatial Model
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tional Education,Zhejiang Sci-Tech University , Hangzhou 310018 , China)

Abstract; Quilting is an important factor affecting the thermal insulation property of down products. Taking the quilting
warmth of down products as the research object, for the down samples of 30 ¢m x 30 c¢cm, 3 kinds of quilting forms
(horizontal quilting, vertical cross quilting and diagonal quilting ) and 7 kinds of quilting number were selected to test the
thermal insulation property of down respectively under the two conditions of not hanging and 24 hours hanging, and to study
the influence of different quilting factors on the thermal insulation property of down under the two kinds of placing treat-
ments. At the same time, the approximate geometric model of the apparent volume of quilted down was established. The
results show that both the form and number of quilting have significant effect on the down thermal insulation property, and
considering the actual use of down products, the diagonal quilting is confirmed and the quilting number is confirmed as
two. There are significant differences in the thermal insulation property of down between the two treatments. When the
number of quilts is more than or equal to 2, the linear regression model of the down thermal insulation property of the no
hanging and 24-hour hanging treatment is established, and the prediction accuracy is 0. 998. The regression model of down
apparent volume and thermal insulation property can be used to quantitatively analyze and predict the thermal insulation
property of down products.
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Fig.2 Quilted samples with different combinations
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Tab.1 Test results of the length and thermal insulation property of samples
. Ytk HTaE Rt/ EMEF/ [ W/ (m* + C) ] e eI
I a/cm b/cm
X % KPE 24 h BAEE [W/(m® - C) ]

0* 0 1.86 2.79 0.93 29.59 29.43
1* 1 2.07 2.34 0.27 29.48 29.15
2f 2 2.21 2.30 0.09 29.32 28.41
3* o 3 2.57 2.65 0.08 29.25 27.99
4* Acp A 4 2.73 2.79 0.06 29.04 27.64
5% 5 3.01 3.05 0.04 28.95 27.44
6" 6 3.40 3.41 0.01 28.78 27.17
7* 1 2.07 2.38 0.31 29.38 29.15
8" 2 2.32 2.37 0.05 28.90 28.80
9* e 3 2.64 2.68 0.04 28.33 28.61
10* T HAXHAE 4 2.91 2.93 0.02 28.17 28.42
1* 5 3.04 3.05 0.01 28.05 28.19
12* 6 3.45 3.45 0.00 28.00 27.90
13* 1 2.05 2.32 0.27 29.70 29.33
14* 2 2.18 2.26 0.08 29.57 29.25
15* e 3 2.49 2.56 0.07 29.31 29.05
16" HEATE 4 2.56 2.60 0.04 29.11 28.78
17* 5 2.72 2.75 0.03 28.78 28.38
18* 6 3.00 3.01 0.01 28.65 28.15
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Tab.2 Intersubjective effect test

R df ¥ F Sig. (X))
Viv 3|20 2 0. 640 10. 458 0.000 10 *
YTaE R 2.460 40.192 0.000 00 *
g ) = 1 1.632 28.532 0.021 00"
Y18 TE R x Yrag s 12 0.069 1.128 0.140 99
YTEERE < B TR 6 0.693 12.115 0.000 00 **
el X o OiE = 2 0.002 0.031 0.969 96
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Tab.3 Duncan multiple comparison of the heat transfer coefficient of different quilting form

Alpha =0. 05 (19 T4

T T = EEy /5 1 5 3 Sig.
T A8 X Y15% 2.505 7 1.000
IR IR 474 2.455 3 1.000
R YT4E 2.350 9 1.000
24 b B ﬁﬁﬁiéﬁﬁ% 2.768 3 1.000
. IKV475% 2.7129 1.000
HE HR Y14 2.598 4 1.000
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Tab.4 Duncan multiple comparison of the heat transfer coefficient of different quilting number

Hewgst Alpha =0.05 W4 Sig.
ikt 1 2 3 4 5 6 7
6 3.262 1,000
5 2.923 1.000
4 2.726 1.000
TR 3 2.564 1.000
2 2.242 1.000
1 2.063 1.000
0 1.859  1.000
6 3.295 1,000
5 2.934 1.000
nme O 2.793 1.000
\ 4 2.773 1.000
i 3 2,641 1.000
1 2.348 1.000
2 2307 1.000
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Fig.4 Linear fitting results of two kinds of placement

treatment of down
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Tab.5 Model summary table

JEpRUEIL R B
Y —— Sig. R R WS R
B FRfEiR i "

HWE 1.713 0.048 0.000 00 ™

n 0.232 0.010 0. 000 00 **

0.984 0.968 0.962
Z 0. 206 0. 051 0. 000 87 ™
Z, 0. 144 0.051 0.011 65"

e ox FIRTE0.05 KV LA BN + « F/RAE0.01 /KF LAFFER 1.

2.2 RERIEFRT B RE MR R
R T 20 X A 4 DR 2R R R M O &R
TR, LKV 474 R 6], dl 7 4158 Je i 3
NRARFR ARl LT AR 3R, o 7 247 4 TR 2 % 7K1 il
IR MR 20
2.2.1 XBRVARAREMIUATER K44 =
AR BUES PR, x -z BIA/R UK 6 Pk,

M S 1] LA H 7KOF- 4788 R S A B AT S
IR 27 A S B AR AR R B 2 F, 044 e
PIARSRI K BE R a, b, A0 B A F o 52 6 1 1 B

S, .M A,B,D, A Ry A A S, B B A
PRIER Ve , TSR ZA BTN Vyy o
MRIEIE 6 S ERAATA UYTEERGE N n I, 1
AL AR B SUTEE ORISR R n + 1,
l

“To(n+) (1)
e b - b (2)
2(n+1) /I =0
b
“To(n+1) (3)



R4S 5 B TR A AR A 6G 474 T 3R R ) S AR R P0G R v - 495 -

%63
r= L (4)
2(n+1) /I =0
l
0= as) (3)

AR R (L =30 em) 5n N YTEEHURE 50, b
NYTEE e PIAH AR 48 1 S B A s ¢ AT 0 3k
K e XEREA IO A 5 O AR AT A2

ZA

P

5 n=2MKEGE=ZHTE
Fig.5 3D schematic diagram of gorizontal quilting

\ k—»\B
4 ;

E6 WHEHFEEE/LMRE
Fig. 6 Geometrical diagram of elliptical cylinder

section
T S, AN ZTEEMTEIRDIE , ks B R,
RFIALE S, .
S, =485 =
1 . b - b? b
( 2(n+1)«/12-b2)2(n+1)
b /I"-b (6)

2(n+1)°

b /T
Ve =0 (7)

T 2(n+1)?
_ab /I -V
i = (3)
2.2.2 EXHEMABREREEERGEZ KFE
Yo AR FGI R LA R AR 25 R L 6

F6 KERMAERITEERSEASHALR

Tab.6 Calculation results of apparent volume of sample

YisE R/ IR ZU AL PR B/
% ARFY dm’ [W/(m® - C)]
0 2.533 1.86
1 1.521 2.07
2 1.349 2.21
3 1.105 2.57
4 0.936 2.73
5 0.832 3.01
6 0.711 3.40
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Tab.7 Comparison of the predicted results of samples and

the measured results

P R AR W R

’”’éi&i/ dm’ [W/ (- C) ]
7R N . N .

T S T S

0 2.352 2.533 1.86 1.86

1 1.802 1.521 2.02 2.07

2 1.368 1.349 2.21 2.21

3 1.050 1.105 2.55 2.57

4 0.848 0.936 2.84 2.73

5 0.762 0.832 3.05 3.01

6 0.792 0.711 3.30 3.40
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