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ABSTRACT

To select the suitable thickness of heat insulating material for the bulkhead of reefer ship for agricultural products, a
steady state three-dimensional mathematical model of bulkhead is set up in this paper. The calculational conditions
of the heat transfer model are defined according to the heat transfer process and reasonable simplification.
Numerical simulations are performed using computational fluid dynamics (CFD) software PHOENICS as the
thickness of heat insulating material, rigid polyurethane foam, is different. The obtained temperature distributions of
the model in each case are analyzed. The suitable thickness is pointed out according to the effect of the thickness of
heat insulating material on heat transfer property of the bulkhead.
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INTRODUCTION

Along with the development of economic globalizafioefrigerated marine transportation has becoreentbst
important mode of transporting imports and expaftddrugs and perishable agricultural products. ek up
original qualities of drugs and agricultural prothycand for the the growing shortage of energy =sjrthe
energy-saving measures of reefer ship is paid &iggntion to. So the requirement of thermal insoaproperty of
bulkhead is much higher, for it can reduce energgsamption and enhance economic efficiency durlmg t
refrigerated transportation [1-2].

In recent years, experts and scholars of the waalce done lots of researches on the heat trangfpegy of the
ship cabin [3-12]. Kinds of heat insulating matef@a reefer ship are compared and analyzed inildetdocument
[3-7]. It is pointed that rigid polyurethane foasithe best heat insulating material in document [7]

The bulkhead of reefer ship is regarded as reseal@dct in this paper, and a steady state threemkmonal
mathematical model of heat transfer is set up. iés transfer model is simplified reasonably, deddalculational
conditions are defined according to the heat tear@focess. The temperature fields of this systensianulated and
calculated using CFD software PHOENICS as the tigsk of heat insulating material, rigid polyurethdmam, is
different. The obtained temperature distributiohthe model in each case are analyzed. The effabieathickness
of heat insulating material on heat transfer prigpef the bulkhead is investigated.

EXPERIMENTAL SECTION

Arithmetic element of heat-transfer model

A tiny part of the bulkhead of reefer ship is pidkaut and used as an arithmetic element of thetheadfer model,
as shown in Fig.1. The size of the model is definedXxYxZ=240 (190, or 220) mmx600mmx1000mm. The
structure layers of the bulkhead from externahterinal are [13]: steel plate, heat insulating mialietwo layers of
asphalt felt, and decorative veneer. In the laydreat insulating material, there are a piece @m2Ax80mmx7mm
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angle steel as reinforced material and a pieceD6fmx50mm wood liner material every 600mm in Y -dii@n.
The angle steel and wood liner material are comaeitigether by bolts.

Y{ Y i

S

b

hc_|
g

——

X 0 L X

20mm of steel plate

200mm of heat insulating material
3 two layers ofasphalt felt

20mm ofdecorative veneer

reinforced material
1 wood liner material
A

Fig.1 The arithmetic element of heat transfer model for the bulkhead of reefer ship

M odel assumptions

The heat transfer process of the bulkhead is vemyptex in fact. But to facilitate solving and arahg, the heat
transfer model is simplified and assumed reasondlilgse assumptions are as followgstly, the heat transfer
process of the bulkhead is assumed to be a ste¢aigyreat conduction process of three-dimensi@edondly, the
materials in the same structural layer of the betichare assumed to be homogeneous, isotropic @ndovistant
physical propertieslastly, the thermal resistance of the asphaltigsier, the thermal contact resistance between
each layer, the heat transfer caused by boltsedaer of heat insulating material and the moéstwansfer are all
assumed to be negligible.

Equation and boundary conditions

The research object is the bulkhead of reeferwhiph sails on the North China Sea in summer is figiper. There
is not heat source in the bulkhead of reefer stopthe steady state three-dimensional differeetjalation of heat
conduction of the arithmetic element of the heatdfer model may be described as follow:

2 2 2
0,91, 9t

4+ = 1
x> oy’ 07° W

The boundary conditions of the arithmetic elemeatdefined as follows:

The design temperature of the indoor air of théereship cabin is defined ad;, =5°C. There are fan blowers in
the reefer ship, therefore the heat convectivefioiait of the inner surface of the bulkhead offeeeship is defined
as: o, =12W/nt-°C [14]. So the boundary condition of the inneffaze of the bulkhead is:

ot

- ia_y‘ y=L,

:an(tn_tnb)zlzx(s_tnb)' (2)

Where, A is the heat conduction coefficient of each kindnudterial (W/m-°C),t,, is the temperature of the
inner surface of the bulkhead (°C).

In view of the increase in temperature of the osteface of the bulkhead of reefer ship causedobsr sadiation,
the temperature of the outer surface of the bulithiealefined as:t,, =40°C [2]. So the boundary condition of the
outer surface of the bulkhead is:

tl,_,=t, =40°C @)
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In the layer of heat insulating material, the angteel as reinforced material and wood liner makeare
symmetrically placed every 600mm in Y-direction,isdhe arithmetic element as shown in Fig.1, the boundary
surfaces of the model in Y-direction are approxghaseemed as adiabatic surfaces and the boundaeies

at
oy

_at

0 = 5y s =0 @
Similarly, the two boundary surfaces of the modelZ-direction are also approximately seemed asbatiz
surfaces and the boundaries are:
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RESULTSAND DISCUSSION

Simulation results of heat-transfer model

When the thickness of heat insulating materiabi@rim, 180mm or 200mm, and the other simulation itimms are
not changed, numerical simulations of the heatsfearmodel of the bulkhead of reefer ship are peréa using
PHOENICS software. The obtained temperature digiobs of the bulkhead of the model in each caseshown
in Fig.2, Fig.3and Fig.4. The temperature distitrutcurves of points on inner surface of bulkhead &eat
insulating layer in each case are shown in Figégp6Fand Fig.7.

Temperature . Probe value
4.000E+01 5.593E+00
3.771E+01 Average value
3.541E+01 2.562E+01

.247E+01
.018E+01
.886E+00
.593E+00

(3, I e e ]

Fig.2 The temperature distribution of the model with 150mm heat insulating material

Temperature l Probe wvalue
4.000E+01 5.506E+00
3.770E+01 Average value
3.540E+01 2.570E+01
1 +01
1.470E+01
1.240E+01
1.011E+01
7.805E+00
5.506E+00

Fig.3 The temperature distribution of the model with 180mm heat insulating material
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Temperature I Probe value
4.000E+01 5.467E+00
3.770E+01 Average walue

2.603E+01

1. E+01
1.007E+01
7.7T70E+00
5.467E+00

Fig.4 The temperature distribution of the model with 200mm heat insulating material
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Fig.5 The point temperature distributions of inner surface of the bulkhead and 150mm heat insulating layer

The obtained numerical results are shown in Fign@ Big.5 when the thickness of heat insulating nltés
150mm. The average temperatures of the inner sudddulkhead and the heat insulating layer ar@°&€0and
7.45°C. The temperature fluctuation amplitudes ad¢hepoint on the inner surface of the bulkhead thedheat
insulating layer are 1.98°C (from 5.59°C to 7.578@yl 5.17°C (from 6.41°C to 11.58°C).
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Fig.6 The point temperature distributions of inner surface of the bulkhead and 180mm heat insulating layer
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The obtained numerical results are shown in Fign8 Big.6 when the thickness of heat insulating neltés
180mm. The average temperatures of the inner sudddulkhead and the heat insulating layer aré°&8and
7.05°C. The temperature fluctuation amplitudes ad¢hepoint on the inner surface of the bulkhead thedheat
insulating layer are 1.53°C (from 5.51°C to 7.048@yl 4.03°C (from 6.21°C to 10.24°C).
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Fig.7 The point temperature distributions of inner surface of the bulkhead and 200mm heat insulating layer

The obtained numerical results are shown in Fignd Big.7 when the thickness of heat insulating neltés
200mm. The average temperatures of the inner sudadbulkhead and the heat insulating layer ard°&8and
6.95°C. The temperature fluctuation amplitudes ad¢hepoint on the inner surface of the bulkhead thedheat
insulating layer are 1.46°C (from 5.47°C to 6.932@yl 3.84°C (from 6.12°C to 9.96°C).

Numerical resultsanalyzing

In terms of the obtained temperature distributiggures, the numerical results are analyzed. In e=de, the
temperature distribution of each point on the insface of the bulkhead is more regular than ¢imathe inner
surface of the heat insulating layer, and the teatpee fluctuation amplitude is smaller, too. Thes#icate that the
inside decorative veneer of the shipboard insulditesieat transfer further. On the inner surfacéhefbulkhead, the
temperature is higher in the position that is climsthe contact surface of wood liner material.sTihdicates that the
heat resistance of the wood liner material is senaibmparatively, so the wood liner material playsle of thermal
bridge and intensifies the heat transfer. It isgmdd to insulating the heat coming from the owsifithe bulkhead.

When the thickness of the heat insulating matesidigger, the average temperatures of the inndacai of the
bulkhead and the heat insulating layer are bottetpand the temperature fluctuation amplitudesaahepoint on
the two inner surfaces are both smaller. Theseatdithat when the heat resistance of the heatirey material
becomes bigger, the overall heat transfer coeffioié the bulkhead decreases, the heat transféoed outside to
inside of the bulkhead reduces substantially. Tloeeethe average temperatures of the inner sudatee bulkhead
and the heat insulating layer can both remain lower

CONCLUSION

Based on the developed model of the bulkhead déreship, performing numerical simulations and gniag the
obtained temperature distributions, some conclgséye summarized as follows:

The obtained average temperatures of the inneacdf the bulkhead are all near the design terhperaf the
indoor air of the reefer ship cabin (5°C) in evease of the model. It follows that the heat insotamaterials of
three different thicknesses can all insulate tret beming from the outside of the bulkhead verylwel

When the thickness of heat insulating material88rim or 200mm, the effectiveness is respectivetjeb¢han
which of 150mm, and the average temperature diffexef the inner surface of the bulkhead are topdind can be
ignored. If the thickness of heat insulating matleis 180mm, the thickness of the bulkhead is tintoo. The
effective space of reefer ship can be increasedielisas the usage amount of heat insulating natericut down.
The average temperature of the inner surface obthkhead is very satisfying. Therefore, based oroeerall
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consideration of various factors, the proper thgdsof heat insulating material is 180mm undersihgulation
conditions of this paper.

Acknowledgement

We kindly acknowledge financial support by the sce and technology research and development Progfam
Qinhuangdao city (N0.201101A196 and No0.2012022A010)s also important to note that these two argho
contributed to this paper equally and should bandgd as co-first authors.

REFERENCES

[1]Yizhi Li, Guoliang Hu, Fucai Hu. Marine Auxiligr Machinery, i' Edition, China Communications Press,
Beijing, 2001; 151-154.

[2]Chibin Yu, Anzhong Gu. Marine Refrigerating Piat™ Edition, National Defence Industry Press, Beijit@g0;
319-346.

[3]Zisen Yu.Marine Equipment/Materials & Marketing, 2005, 13(5), 28-30.

[4]Mingwei Shi.Marine Technology, 2005, 33(3):32-34.

[5]Shuanshi QinRefractories, 2003, 37(5), 298-300,302.

[6] Xuemei ChenFishery Machinery and Instrument, 1994, 21(2), 21-23.

[7] Jingfu Jia, Wei HeAdvanced Materials Research, 2011, 311 - 313(9), 1953-1956.

[8] Srashti Dwivedi, Priyanka Jaidournal of Chemical and Pharmaceutical Research, 2013, 5(6), 12-13.

[9] Lingfeng LI, Changhui XU, Yunxia CHEN, et alournal of Chemical and Pharmaceutical Research, 2013,
5(9), 555-562.

[10] Boyang Li, Diyang LiNavigation of China, 2008, 31(4), 352-355,382.

[11] Liu Jie-qun, Chen Lu-wang, Liu Jin-londournal of Chemical and Pharmaceutical Research, 2013, 5(9),
362-371.

[12] zhao Xi, Zhang Zhimin, Zhang Baohongpurnal of Chemical and Pharmaceutical Research, 2013, 5(9),
549-554.

[13] Gang Wu. Marine Refrigeration and Air-Conditing, ' Edition, National Defence Industry Press, Beijing,
2009; 101-125.

[14] Jianhua Li, Chun Wang. Refrigerating House ies1™ Edition, China Machine Press, Beijirgf)03; 19-42.

408



