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Table 1 Outdoor design conditions of temperature for outer
building envelope of different cities in winter

C
5 W I3 mx T2 vV
No. City Type | Type Il Type Il Type IV
1 1b3T Beijing -9 -12 -14 -16
2 Kt Tianjin -9 -11 -12 -13
3 AL Shijiazhuang -8 -12 -14 -17
4 K J5t Taiyuan -12 -14 -16 -18
5 7XFH Shenyang -19 21 23 25
6 K#F Changchun 23 26 28 30
7 I3 /K5 Harbin 26 29 31 33
8 [-¥# Shanghai -2 -4 -6 -7
9 5 5¢ Nanjing 3 -5 -7 -9
10 B/l Hangzhou -1 3 5 -6
11 4B Hefei 3 -7 -10 -13
12 M & Nanchang 0 2 -4 -6
13 BF# Jinan -7 -10 -12 -14
14 M Zhengzhou -5 -7 -10 -11
15 7 Wuhan -2 -6 -8 -11
16 K Changsha 0 -3 -5 -7
17 5BH Guiyang -1 2 -4 -6
18 $75% Lhasa -6 -8 9 -10
19 V4% Xi’an -5 -8 -10 -12
20 22| Lanzhou -11 -13 -15 -16
21 P47 Xining -13 -16 -18 -20
22 R )1l Yinchuan -15 -18 221 -23
23 154 K5% Urumqi 22 26 -30 33
24 IEFI¥S ¢ Hohhot -19 21 23 25
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Table 2 Minimum recommended resistance of heat transfer for
outer building envelope of layer house in different cities

m>C-W!

18 TES] e ]

o Wil Type | Typell Type 111 Type IV
No. City NI =N T -/ N == 1T £ NI == [ - O =4

Wall Ceiling Wall Ceiling Wall Ceiling Wall Ceiling

1 Jbxt Beijing 0450 0.563 0.512 0.639 0.552 0.691 0.593 0.742
2 Kt Tianjin 0450 0.563 0493 0.614 0.512 0.639 0.532 0.665
AR

Shijiazhuang

4 KJgi Taiyuan 0512 0.639 0552 0.691 0.593 0.742 0.634 0.793
TR
Shenyang
K

Changchun

7 WSJRVE Harbin 0.798 0.998 0.859 1.074 0.900 1.125 0941 1.177

8 i Shanghai 0.307 0.384 0.348 0435 0389 0486 0.409 0512

9 W% Nanjing 0.327 0409 0368 0460 0.409 0.512 0450 0.563

0430 0.537 0512 0.640 0.552 0.691 0.614 0.767

5 0.655 0.818 0.696 0.870 0.737 0921 0.778 0.972

6 0.737 0921 0.798 0.998 0.839 1.049 0.880 1.100

10 B 0.286 0.358 0.327 0409 0368 0.460 0.389 0.486
Hangzhou
11 Gl Hefei 0327 0409 0409 0512 0470 0.588 0.532 0.665
T E
12 F= 0.266 0.333 0307 0.384 0.348 0.435 0.389 0.486
Nanchang
13 5 Jinan 0409 0.512 0470 0.588 0.512 0.639 0.552 0.691
14 M 0368 0460 0409 0.512 0470 0.588 0.493 0.614
Zhengzhou
15 L 0307 0.384 0.389 0486 0430 0.537 0493 0.614
Wuhan
16 K¥) Changsha 0.266 0333 0.327 0409 0368 0460 0409 0.512
=R
17 TTBH 0.286 0.358 0.307 0.384 0.348 0.435 0.389 0.486
Guiyang
18 $7p¥ Lhasa 0389 0486 0430 0.537 0450 0.563 0.470 0.588
19 E’fn 0.368 0460 0430 0.537 0470 0.588 0.512 0.639

20 == Lanzhou 0493 0.614 0.532 0.665 0.573 0.716 0.593 0.742
21 P47 Xining 0.532 0.665 0.593 0.742 0.634 0.793 0.675 0.844
22 )1 Yinchuan 0.573 0.716 0.634 0.793 0.696 0.870 0.737 0.921

oty s

23 L_J"':'?kﬁ: 0.716 0.895 0.798 0.998 0.880 1.100 0.941 1.177
Urumgi
[ VA oY) 2 =Y

24 WAL 0.655 0.818 0.696 0.870 0.737 0.921 0.778 0.972
Hohhot
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Table 3 Resistance of heat transfer for outer building envelope with different regions and feeding models of layer house

m*C-W!
ST 3R RN BT 4 BB 1 RRERR 6 RRIZET 8RBT
Design A-frame cage of three tiers  Semi-A-frame cage of four tiers 4 overlap tiers cages 6 overlap tiers cages 8 overlap tiers cages
temperature/'C  }ifk Wall  J&Til Ceiling Kifk Wall 2T Ceiling  #%4Ak Wall J&T0 Ceiling  #5{k Wall 2T Ceiling  #54& Wall  J2= Tl Ceiling

0 0.987 1.234 0.704 0.880 0.547 0.684 0.314 0.392 0.250 0.312
-1 1.214 1.518 0.790 0.988 0.613 0.767 0.351 0.439 0.280 0.349
-2 1.362 1.703 0.884 1.105 0.685 0.856 0.391 0.489 0.311 0.389
-3 1.525 1.906 0.987 1.233 0.763 0.954 0.435 0.544 0.346 0.432
-4 1.704 2.130 1.099 1.374 0.849 1.061 0.483 0.603 0.384 0.479
-5 1.903 2.379 1.223 1.529 0.943 1.179 0.535 0.668 0.424 0.531
-6 2.125 2.656 1.360 1.700 1.046 1.308 0.592 0.740 0.469 0.587
-7 2374 2.967 1.513 1.891 1.161 1.452 0.654 0.818 0.519 0.648
-8 2.655 3.319 1.684 2.105 1.289 1.612 0.724 0.905 0.573 0.716
-9 2.976 3.702 1.877 2.347 1.433 1.791 0.801 1.001 0.633 0.792
-10 3.346 4.182 2.097 2.621 1.595 1.994 0.888 1.110 0.701 0.876
-11 3.775 4.719 2.349 2.936 1.780 2.225 0.985 1.231 0.777 0.971
-12 4.280 5.350 2.641 3.301 1.993 2.491 1.096 1.370 0.863 1.079
-13 4.884 6.105 2.982 3.728 2.239 2.799 1.223 1.529 0.961 1.201
-14 5.617 7.021 3.389 4.426 2.529 3.161 1.370 1.712 1.074 1.343
-15 — — 3.880 4.849 2.874 3.592 1.542 1.927 1.206 1.508
-16 — — 4.484 5.605 3.293 4.116 1.746 2.182 1.362 1.703
-17 — — 5.247 6.559 3.810 4.763 1.992 2.490 1.549 1.936
-18 — — — — 4.468 5.585 2.295 2.869 1.776 2.221
-19 — — — — 5.330 6.663 2.676 3.345 2.060 2.575
-20 — — — — — — 3.171 3.963 2.424 3.031
221 — — — — — — 3.839 4.798 2.908 3.635
=22 — — — — — — 4.790 5.987 3.582 4.4717
-23 — — — — — — — — 4.585 5.731

-24 — — — — — — — — — —

e R =7 BRSNS Sl e

Note: “—” represents that can not achieve the dynamic heat balance model of layer house.
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Table 4 Resistance of heat transfer for outer building envelope
increased percentage with decreasing one hen per square meter

under different feeding models of layer house
PRI INE  E

Increased percentage of heat resistance/%

TR
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temperature R ﬁjﬁ B fge e D
rc AC;g:I::F frsefnr?::ée 4overlap  6overlap 8 overlap
three tiers  of four tiers 1C'S ©386S  Hers cages - tiers cages
0~-5 4 10 7 4 3
-5~-10 10 13 10 5 4
-10~-14 20 21 15 7 5
15~-17 - 30 27 14 10
-17~-19 - - 27 14 10
-20~-22 - - . 21 20
-22~-23 - - ; ] 20
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Beijing 100083, China; 2. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China;
3. Beijing Engineering Research Center for Animal Healthy Environment, Beijing 100083, China)

Abstract: The main considered environmental factors affecting performance of poultry is temperature. Thermal insulation
performance of building component is the key factor that affects temperature stability, which is essential to ensure the bird’s
well-being, maximum productivity and efficient feed utilization. Generally, laying hen houses are not equipped with heating
system in winter, the temperature meets the requirements of layer hen rely on sensible heat production of layers. Bird’s
sensible heat production and good insulation of building component are generally sufficient to maintain the houses temperature.
If the stocking density is low or poorly insulated buildings, it’s difficult to meet the layer house environment requirements,
including temperature, humidity and air quality. Improving thermal insulation performance of the building component would
reduce heat loss and increasing stocking density could raise sensible heat production. However, ideal ventilation control
system is required to ensure that aerial pollution emissions levels are within the acceptable limits and not to result in
unnecessary ventilation heat losses. As such, minimum ventilation rate is particularly important. It is crucial for indoor
temperature level and uniformity. Layer house minimum ventilation and air flow are crucial not only for indoor temperature
and humidity, but also for temperature control uniformity. But there was a lack of information about the design theories. No
information could be found in the literature that optimum relationship between thermal insulation performance of the layer
house component and stocking density in laying-hen housing systems with different climatic regions in China. It was required
to settle the urgent issue on how to determine the layer houses component thermal insulation performance under different
climate zones, especially in the layer house building construction and environmental control fields. The objectives of this
article was to analyze on minimum thermal resistance of building component in different climatic regions of China, and
according the law of energy and quality conservation, to build dynamic heat balance model for layer house. A model was
developed to determine the thermal insulation performance. It was important to build dynamic heat balance model in layer
house, in order to maintain the temperature of the house of laying hen and to keep the healthy environment of layer hen. Those
can reduce the energy consumption and construction cost, providing a guidance for laying house thermal insulation system
design. In this paper, we conducted theoretical analysis and numerical calculation the building component minimum thermal
resistance under the different climate regions and built steady-state heat balance theory model for layer house. Results showed
that: 1) When calculated temperatures were -25 ‘C (Northeastern China), -15 'C (Northern and Northwestern China), -0 'C
(South of the Yangtze River China), the minimum thermal resistance of the layer hen houses walls should not be less than
0.778, 0.972, and 0.573 m?“C/W, and the minimum thermal resistance for the ceiling should not be less than, 0.716, 0.266, and
0.333 m*‘C/W respectively for the above mentioned three regions. 2) A-frame cage of three tiers, semi-A-frame cage of four
tiers, four overlap tiers cages, six overlap tiers cages, and eight overlap tiers cages, with maximum stocking density and
outdoor design temperature should not be lower than -14, -17, -19, -22, -23 ‘C. As such, dynamic thermal balance of layer
house can be achieved. The results of this study provided theoretical foundation for the design of insulation system for closed
layer hen house. Those research results can reduce the energy consumption and construction cost and providing a theoretical
basis for layer house thermal insulation design system.

Keywords: facilities; thermal insulation; thermal resistance; environmental control; closed layer house; outer building
envelope; heat consumption; density of laying hen
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