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Fig.1 Schematic diagram of heat transfer mechanism of
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Double rainproof louver Roof 2
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Purlin and concrete beam connection
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Double rainproof louver
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Double rainproof louver
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Y 300, BT RS ROR & B XL R .

Note: The distance between the upper roof and the lower roof is 1 m; The length
of one side roof is 12.5 m; The tilt angle of the roof is 30°; The dimensions in the
figure indicate the height of each ventilation hole.
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Fig.2 Section diagram of double-skin ventilation
roof for large warehouse
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Note: The time of temperature sensor measurements is July 30, 2017. Average
temperature of temperature sensor measurements for July 29, 2017 is used as the
initial temperature of the roofs.
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Fig.3 Measured and predicted inner surface temperature of roof
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Table 1 Performance parameters of roof components

AR LA

ragica N
MR RR ”J.E Thermal Specific A
| Density p / . Cost
Material name Koo conductivity 4/ heat C JGEm™)
(eem™) " Won K /akg K
KIS 2% Cement mortar 1 800 0.93 1050
i IR L 2500 174 920
Reinforced concrete
4 VEDEY,
e R L 2300 1.51 920
Fine stone concrete
i /K444 Rainproof roll 900 0.23 1620
K IR AR 24
Expanded polystyrene(EPS) 25 0.042 1380 15
PRI O
Extruded polystyrene(XPS) 30 0.028 1380 5713
W\ B D Y
MR RL AL 1700 0.95 1050

Ash aggregate concrete

—=—a=0.45 Fl XPS B8 R T
XPS in ordinary roof when a=0.45
900 ——a=0.90 1 XPS I R T
XPS in ordinary roof when 0=0.90
—A—q=0.75 F1 XPS i%3HE R
XPS in ordinary roof when a=0.75
700 A —v—a=0.45 1 EPS B3 /2 15
EPS in ordinary roof when a=0.45
—<4—a=0.90 7l EPS B8 /2 T
EPS in ordinary roof when a=0.90
—»—a=0.75 0l EPS B 35 J2 T
EPS in ordinary roof when a=0.75
—0—a=0.75 F1 XPS B W23 KR T
XPS in double-skin ventilation roof when a=0.75
o —o—0=0.75 Fll EPS I U KUZ T
3, EPS in double-skin ventilation roof when ¢=0.75

A=A B IME

Life cycle total cost (LCT)/(yuan'm2)
W
[=3
(=}

w
(=3
(=]

22 AA A

1000 0.1 0.2 0.3
PR PR PYZEBE Thickness of thermal insulation layer/m

T o R PH REAR S P S R B TR TSP 2R T S O BH 6 S 5 s S 24 3 T
0=0.45; JRTRANRT YR BHER o SR 2R M 0=0.75; J2 TAREIH 9 KR
AESHIR SN HE R THI 0=0.90: X218 Xz T A3 THI S K PR Hh S S e 3R T
i} =0.75.

Note: « is heat absorption coefficient; o=0.45when outside surface of roof has
high solar radiation reflectivity; o=0.75when outside surface of roof has middle
solar radiation reflectivity; @=0.90 when outside surface of roof has low solar
radiation reflectivity; @=0.75 when outside surface of double-skin ventilation
roof has middle solar radiation reflectivity.

B4 RIEETRAG BN SR IUEL
Fig.4 Life cycle total cost of insulated roof
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_a— 0=0.45 F1 XPS B}3%# 5 XPS in ordinary roof when a=0.45
—— a=0.90 F1 XPS Ff i /i XPS in ordinary roof when a=0.90
—a— ¢=0.75 Fll XPS B} B i XPS in ordinary roof when a=0.75
—v— a=0.45 F1 EPS A% Z T EPS in ordinary roof when a=0.45

700 1

w
(=3
(=]

—<— a=0.90 il EPS At 38 R 5

EPS in ordinary roof when a=0.90

—»— a=0.75 il EPS B} %38 R IR
EPS in ordinary roof when a=0.75

—x— 0=0.75 Fl XPS I U@ MR TR
XPS in double-skin ventilation
roof when a=0.75

—*— a=0.75 F XPS B} SUZERZTH
EPS in double-skin ventilation
roof when ¢=0.75
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Analysis of optimum thermal insulation thickness of double-skin
ventilation roof of low temperature granary in Changsha region

Wang Haitao, Wang Jun, Guo Chengzhou
(College of Civil Engineering and Architecture, Henan University of Technology, Zhengzhou 450001, China)

Abstract: The thermal insulation performance of granary envelope has important impacts on grain storage safety and granary
energy consumption. The roof of a granary is usually very large. Because roof is the position with the strongest solar radiation
in granary, the external heat is mainly transferred into granary through roof. Therefore, granary roof is the key part in the
design of thermal insulation in building envelope of granary. Double-skin ventilation roof, high reflectivity coatings for roof,
and thermal insulation material are three popular techniques for roof of granary for stored grain safety and more energy saving.
According to different solar radiation levels and different climatic characteristics, the optimum thermal insulation thicknesses
of roofs is different in different areas of China. In this paper, the transient heat transfer model of multi-layer roof was presented
and validated for calculating energy consumption of ordinary roof in low temperature granary. By considering the influence of
natural ventilation, a heat transfer model of double-skin ventilation roof was proposed and validated for determining energy
consumption of double-skin ventilation roof. In this pater, the P;-P, economic models were used to study the optimum thermal
insulation thicknesses of the ordinary multi-layer roof and the double-skin ventilation roof of the low temperature granaries in
Changsha region. The effect of different solar radiation reflectivity rates of outside surface was considered in determining the
optimum thermal insulation thickness of the low temperature granary roof in Changsha region. The optimum thermal
insulation thicknesses of two thermal insulation materials including expanded polystyrene and expanded polystyrene were
calculated for ordinary roof and double-skin ventilation roof of the low temperature granary in Changsha region by using P;-P,
economic model respectively. And then, on the basis of life cycle cost analysis, the total life cycle costs, life cycle savings and
payback periods were calculated. The results of this research showed that the solar radiation reflectivity of outside surface has
a significant impact on the economy and the optimum thermal insulation thickness of the low temperature granary roof in
Changsha region. Double-skin ventilation roof can reduce the optimum thermal insulation thickness of low temperature
granary roof. Double-skin ventilation roof and high reflectivity coatings for roof should be adopted in roof of low temperature
granary in Changsha region for more energy saving and less environmental pollution. The optimum thermal insulation
thicknesses range of extruded polystyrene and expanded polystyrene was between 0.106-0.183 m for ordinary roof of low
temperature granary. The maximum life cycle savings range from 417 to 633.38 RMB Yuan/m’. The payback period ranges
from 2.39 to 2.96 years for the optimum thermal insulation thickness of roof. Expanded polystyrene has thicker optimum
thermal insulation layer than extruded polystyrene. Expanded polystyrene has shorter payback period of optimum thermal
insulation thickness of roof than extruded polystyrene. The optimum thermal insulation thickness of the roof decreases with the
increase of the solar radiation reflectivity of outside surface of the roof. The double-skin ventilation roof can shorten the
payback period of the optimum thermal insulation thickness of the low temperature granary roof. Besides, this determination
method of optimum thermal insulation thickness of roof has a certain guiding significance for guiding design process of
thermal insulation thickness of low temperature granary roof.

Keywor ds: heat transfer; thermal insulation; model; roof; solar radiation; optimum thickness; life cycle



