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Effect of building forms on the thermal comfort of
dairy barns in cold regions
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4. China Rural Technology Development Center, Beijing 100045, China)

Abstract In response to the current problems of insufficient thermal insulation and heat preservation in dairy
barns in cold regions of China, this study used a combination of the thermal evaluation of the building and
heat stress assessment of the cows. The thermal resistances of the enclosure structure of the open barn
and the closed window barn in the cold region were measured. The summer thermal environment conditions
in the barns were tested and analyzed. The temperature-humidity index (THI) and the skin temperature

index for cows (STIC) were used to assess heat stress of the cows. The predictive calculations of
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theoretical values for the thermal environment in winter in a barn were carried out based on previous
studies. The comfort effect of the thermal environment in dairy barns with different building forms in cold
regions was studied. The results showed that the thermal resistance and roof thermal resistance of both
open and enclosed windowed barns met the requirements, but the thermal resistance of the side walls was
significantly lower than the minimum thermal resistance required for the region. In the summer, both types
of barns provided a relatively comfortable thermal environment in the cold region. The heat stress was not a
serious problem for cows in the barns. However, in the winter, the indoor temperature in both types of
barns did not meet the requirements. This study concluded that the open barn could not provide the
suitable thermal environment inside the barn in the cold regions of the country. This study recommends the

use of a closed windowed barn, which should have a thermal resistance value =1. 137 m?-K/W for the walls

and =1. 459 m?-K/W for the roof.
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Table 1 Basic information of the test barns
HIFIE fEris/k BE/m KE/m ES/m i /m W58 B 4P 450 & 9 XUBL s /A
Building form Number Span  Length Eave height Roof height  Sidewalls form Number of fans
iR 2
g 900 36 375 5 10.5 3 R & il 348
Open barn
2% A 7 X
- 1000 32 381 4.2 9.5  RES L RMERH 232
Enclosed windowed barn
245 2 4 1 2500 R B AR Ak X A A ) B 1 4 KA 4 EBIF A -

WAL, XL S 50 R - KUF B 42 900 mm , KU AT 5 53
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A, the point closing the gable wall; B, the point locating one-quarter of the barn; C, the point locating half of the barn.
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Fig. 1 The placement positions of instruments in the half barn
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Vertical lines in figure indicate error lines of data at each point. Data are averaged over the same moments of each day and error lines are their

standard error. The same below.
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Fig. 2 Dry bulb temperature ( T) measured inside and outside open barn and enclosed windowed barn in condition 1 and 2

5k 0 1) I 2K AR A A0 A X IR EE R 35 %0~
46 %0 , TE A AR & AR X BE Sy 39 %6 ~58%,
F A i LSk ) 2 v R G K . A A T
0 1 8 ANAH R Sk 38 %6 ~58 %, FE AN A R

41 Outside A5 Point A

RH/°C
A

A NI EE R 50 %6 ~76 Y4, A 4 Ll K%
B B A B 2R i T 2 B S
H 30%6~50% , 7E I A Bt S F TR & 9 A X EE Dy
42%6~68%0 , H1 4 5 LI 5 00 25 v 4 4G R (B 3D

B/5 Point B C5 Point C

70

35 : : . ; 35 :
09:00 11:00 13:00 1500 17:00  ~09:00  11:00

1 1 J 30 1 1 1
13:00 15:00 17:00 09:00  11:00 13:00 15:00 17:00

i} % Time A} %) Time A} %) Time
(a) FFC A i (b) HHIA & TR (o) WP B4 T2
(a) Open barn (b) Enclosed windowed barn in condition 1 (c) Enclosed windowed barn in condition 2

B3 AHKFESE2MIAZAETENF S S HNINMEXTEE (RH)

Fig.3 Relative humidity (RH) measured inside and outside open barn and enclosed windowed barn in condition 1 and 2
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Fig.4 Wind speed («) measured inside and outside open barn and enclosed windowed barn in condition 1 and 2
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Fig. 5 THI calculated inside and outside open barn and enclosed windowed barn in condition 1 and 2
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Fig. 6 STIC calculated inside and outside open barn and enclosed windowed barn in condition 1 and 2
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S-S5 AR IR R 85. 7 %6 M AR v e BT AR R g
T P AEAE RS 2547 1T B D2 O FAT | T4 285 4 2%
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