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ABSTRACT

To investigate the effect of ventilation tube spgodn refrigerated warehouse floor antifreezing hetical

ventilation system, a steady three-dimensional eratitical model of heat transfer is built in thispea, and
the calculational conditions of the heat transfeodel are defined according to the heat transfergass and
reasonable simplification. The temperature fieldghos system are simulated and calculated by CBfiwsare
PHOENICS under different kinds of working condisprsuch as the mechanical ventilation systemit

circulating, and the mechanical ventilation systencirculating with different ventilation tube sgag. The
results show the advantages of the refrigeratedelvause floor antifreezing mechanical ventilatiorsteyn.
They also indicate the greater effect of ventilatiabe spacing on thermal performance of this systk is
pointed that the proper tube spacing is 2.0m.
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INTRODUCTION

Antifreezing of refrigerated warehouse floor is wémportant, and it shouldn’t be neglected durirggigning,
constructing and running. Thermal insulating laigebuilt in refrigerated warehouse floor to matble lemand

of refrigerated warehouse temperature, but thelatisig layer couldn’t prevent the freezing of soilder the
floor. It can only postpone the freezing time [H. greater temperature difference will produce betwe
refrigerated warehouse temperature and soil underftoor when refrigerated warehouse temperature is
reduced. So the cold energy should transfer frofmgerated warehouse to soil. The temperature dflager

will fall down. The refrigerated warehouse temparatis always below‘Q throughout the year. The moisture
contained in the soil under the floor would be fonznto ice if without heat supplement. The expamdbrce
generated by the frozen ice will cause the floofaamdation humped. It is injurious to the safefybailding

and construction [2]. Therefore, measures of growmifreezing should be adopted when the design
temperature of first floor in refrigerated wareheuis below OC, to maintain the soil under refrigerated
warehouse floor at a temperature abole.0

Ventilation is the most common measure of refriggdawarehouse floor antifreezing. It is realized by
providing heat to refrigerated warehouse floor tlgio mechanical or natural ventilation using burpgdes.
Some empirical values are often used to designbaniid refrigerated warehouse floor antifreezing tilation
system for years. Deeper researches on this syatemot commonly known, unless in document [1,S3].a
systematic research is of practical significancditect design, construction and operation better.

The refrigerated warehouse floor with antifreezingntilation system is regarded as research objedhis
paper, and a steady state three-dimensional matiehanodel of heat transfer is built. The heatnster
model is simplified reasonably, and the calculationonditions are defined according to the heatdfer
process. The temperature fields of this system saimulated and calculated using CFD software
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PHOENICSJ4,5].under different kinds of working cations, such as without circulating the ventilatisystem,
with different tube spacing. The effect of ventitat tube spacing on thermal performance of refaged
warehouse floor antifreezing ventilation systermigestigated.

EXPERIMENTAL SECTION

ARITHMETIC ELEMENT OF HEAT-TRANSFER MODEL
A tiny part of the cold-storage room floor and dayer is picked out and used as an arithmetic eterof the
heat-transfer model, as shown in Fig.1. The sizéhefmodel is defined as:

XxYxZ=1500mmx3900mmx1000mm.

The top-down structure layers of the refrigerateataetouse floor are [7]: reinforced concrete surfagerse,
cement mortar protection course, asphalt felt damgwf course, rigid polyurethane foam heat insalgtiayer,
asphalt felts vapour barrier, cement mortar lexgloourse, precast concrete board, medium sand mmacki
layer(buried concrete ventilation tube within). Hayer is below structure layers of floor.
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- reinforced concrete surface conrse, §=60mm
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| cement mortar leveling course, §=20mm

| precast concrete board, §=50mm

| medinm sand packing layer(buried concrete ventilation tabe within), §=400mm
Lsoil layer, §=3200mm

Fig.1 The calculating unit of heat transfer model ér refrigerated warehouse floor

MODEL ASSUMPTIONS

The heat transfer process of the refrigerated warsé floor is very complex in fact. But to facitiéasolving
and analyzing, the heat-transfer model is simgified assumed reasonably. These assumptions &okoass:
Firstly, the heat transfer process of the refriggdawarehouse floor is assumed to be a steady hide
conduction process of three-dimensiorta¢condly, the materials in the same structuralrlayehe shipboard
are assumed to be homogeneous, isotropic and witktant physical propertiekastly, all the thermal contact
resistance between each layer, the thermal resistah the asphalt felt layer and the moisture timmare
assumed to be negligible.

EQUATION AND BOUNDARY CONDITIONS

The research object is the refrigerated wareholose fn Tianjin area of China in winter in this papThere is
not heat source in the refrigerated warehouse flsorthe steady state three-dimensional differéetijaation
of heat conduction of the arithmetic element of lileat-transfer model may be described as follow:

2 2 2
a_z + a—z +a—£ =0. (1)
ox- dy° o0z
The boundary conditions of the arithmetic elemertdefined as follows:
The design temperature of the cold-storage roomwr fls defined as:t, =-20°C. There are fan blowers in the
cold-storage room, therefore the heat convectivdftment of the upper surface of the cold-storagem floor
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is defined as:a, =12W/n?-°C [2]. So the boundary condition of the upper suefat the cold-storage room
floor is:

ot

_l_
oy

‘Y=Lz :an(tn_tnb)zlzx(_zo_tnb)' )(2

Where, A is the heat conduction coefficient of each kindvafterial (W/m:C), t,, is the temperature of the
upper surface of the cold-storage room flo6r)(

The soil temperature is defined ag =104 . The soil temperature is derived from the minimon@an soil

temperature of 3.2 meters deep in Tianjin city wo tmonths, March and April, over the years [5]. the
boundary condition of the lower surface of the hieahsfer model is:

t =t, =104<c. (3)

y=0

In the refrigerated warehouse floor, ventilatiods are symmetrically placed in terms of certaiacapy in
X-direction, so in the arithmetic element as shownFig.1, the two boundary surfaces of the model in
X-direction are approximately seemed as adiabatifases and the boundaries are:

ﬂ| _ot
ax'°  ax

x=t, =0 (4)

Similarly, the two boundary surfaces of the modelzidirection are also approximately seemed asheadiia
surfaces and the boundaries are:

a _at

52170 = 57l =0 ©)

The air supply velocity and temperature of venitdlattubes in the refrigerated warehouse floor atngd as:
vV =1.5m/s, t,, =10CC. The inner diameter and outer diameter at=250mm, d,=316mm. The boundary

L1
condition of outer surface of ventilation tube is:

VvV DpLe, Ot -t
+ Cp pmout |n) 1+ 1 |H$D(D] X,yDC"d\gAh’ZD(Ovl) (6)
K I 2rh  d;

:'[f

- tin +tout

Where, t,, is the temperature of outer surface of ventilatine (C), t; is mean air

temperature of ventilation tubéC(), V is the air flow of the system @s), o is the air density (kg/f,

C, is specific heat at constant pressure of air (JIKg t,, is the mean temperature of air at outlet of the

system {C), K is the coefficient of heat-transfer between aid &mbe wall in ventilation tube on unit length
(W/m-C), | is total length of ventilation tube.

RESULTS AND DISCUSSION

SIMULATION RESULTS OF HEAT-TRANSFER MODEL

When the ventilation system isn’t circulating, onet ventilation system is circulating with different
tube[8,9]spacing of 1.5m and 2.0m, and the othmuktion conditions are not changed, numerical sthons

of the heat-transfer model of the refrigerated Wwatese floor are performed using PHOENICS softwditee
obtained temperature distributions of the refrigedawarehouse floor of the model in each case laosvs in
Fig.2, Fig.3and Fig.4. The temperature distributtonves of points at Z1m on upper, middle and lower surface
for heating layer with 1.5m or 2.0m tube spacing sitown in Fig.5 and Fig.6.
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Fig.2 The temperature field of refrigerated warehowse floor that ventilation system isn’t circulating

Probe value

1.020E+01
Average value
-2 T33E+00

The obtained numerical result is shown in Fig.2 wheentilation system isn’t circulating. The average
temperature of upper surface of heating layer 592C. The average temperature of lower surface of hgati

layer is -10.32.
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Fig.3 The temperature field of refrigerated warehowse floor that ventilation system is circulating wih 1.5m tube spacing
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Fig.4 The temperature field of refrigerated warehowse floor that ventilation system is circulating wih 2.0m tube spacing
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The obtained numerical results are shown in Fign@ Big.5 when ventilation system is circulating lwtube
spacing of 1.5m. The average temperature of uppeface of heating layer is 1.290 The average
temperature of lower surface of heating layer B22°C. The average temperature of the surface=atli is
4.54C. The temperature fluctuation amplitudes of eacintpat Z=1m on upper surface of heat layer are
7.723C(from -2.186 to 5.53T). The temperature fluctuation amplitudes of eacmpat Z=1m on lower
surface of heat layer are 4.424from 0.387 to 4.81T).
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Fig.5 The temperature distribution curves of pointsat Z=1m on upper, middle and lower surface for heatingdyer with 1.5m tube
spacing
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Fig.6 The temperature distribution curves of pointsat Z=1m on upper, middle and lower surface for heatingdyer with 2.0m tube
spacing

The obtained numerical results are shown in Fignd Big.6 when ventilation system is circulating lwtube
spacing of 2.0m. The average temperature of uppeface of heating layer is 0.642 The average
temperature of lower surface of heating layer i831.. The average temperature of the surface =atlé is
3.958C. The temperature fluctuation amplitudes of eacntpat Z=1m on upper surface of heat layer are
8.282C(from -2.346 to 5.93®). The temperature fluctuation amplitudes of eacmpat Z=1m on lower
surface of heat layer are 4.7@%from 0.104 to 4.89%).

NUMERICAL RESULTS ANALYZING

In terms of the obtained temperature distributimuifes, the numerical results are analyzed. Whertilation
system isn’t circulating, the temperature distribntof each point on Y plane of each structure taykthe
refrigerated warehouse floor is more uniform, ahd average temperature of each Y plane is far b&aw
Therefore, if the ventilation system isn't circutag, soil under the heating layer would be frozetoiice, and
the expansive force generated by the frozen ickcailse the floor or foundation humped.
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When ventilation system is circulating, the tempera distribution of each point on Y plane of eathucture
layer of the refrigerated warehouse floor is nofmmn, but the average temperature of lower surfadeeating
layer is above @. When tube spacing is smaller, the temperatureidltion amplitudes of points on upper and
lower surface of heating layer are both smalled #e average temperatures of the upper and lowéace are
both higher. When tube spacing is smaller, the-bgahange amount is bigger, the cold energy traredefrom
refrigerated warehouse floor to soil layer redusasstantially. For the higher temperature of theelosurface of
heating layer, the moisture of soil can preveneZing effectively. So the refrigerated warehouserflcan avoid
being frozen and humped.

CONCLUSION

Based on the developed model of the refrigeratecelause floor, performing numerical simulations and
analyzing the obtained temperature distributionsye conclusions are summarized as follows:

If no measure of refrigerated warehouse floor ae¢ifing is adopted, the average temperature ofrisuwdace
of refrigerated warehouse floor will be far beloWC0O For a long time, soil layer under the refrigethte
warehouse floor would be frozen, and the expan&ivee generated by the frozen ice will cause thoorfl
humped.

If antifreezing mechanical ventilation measure dopted to refrigerated warehouse floor on the basis
document [4], under the simulation conditions oistpaper, the average temperature of lower surfice
heating layer will be always abovéX The effectiveness of antifreezing is better.

Ventilation tube spacing has great influence bothtloe average temperature of upper and lower seirgdc
heating layer and on the temperature distributiorthie refrigerated warehouse floor antifreezingtiation
system. When the other simulation conditions are e¢f@nged, if tube spacing is smaller, the tempeeat
fluctuation amplitudes of points in heating layee amaller, and the effectiveness of refrigeratedeliouse
floor antifreezing is better. But these can caus® dost of tube to increase, and keep the temperatuthe
heating layer higher. Then, the cold load of redriged warehouse will be bound to increase, ancetieegy
waste will be inevitable. Therefore, based on aerall consideration of various factors, the propabe
spacing is 2.0m under the simulation conditionshas paper.
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