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Abstract— In cold storage maintaining preservation 

temperature uniformly for preserving food is difficult to 

attain. This paper represents the temperature distribution and 

velocity distribution for axial flow evaporator and mix flow 

evaporator arrangement in a refrigerated cold storage. The 

cooling chamber under analysis has an axial flow cooling 

coil arrangement located at top of the wall and mix flow 

cooling coil (discharge through centre and circumferential) 

located at centre of roof in front of column of bins. A CFD 

analysis is done under steady state for air flow distribution 

and temperature distribution using a three dimensional 

model. In this paper a three dimensional model for a cold 

storage [10 m(l)× 8 m(w)×9m(h)] prepared. The 

performance analysis done for both the coils arrangement 

having the same cooling capacity, air velocity and discharge 

temperature. It is found that during mix flow arrangement 

the average temperature of cold chamber and cooling 

effectiveness was lower than the axial flow cooling coil 

arrangement. 
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I. INTRODUCTION 

Fruits and veg. are stored in cold store for long time (8-10 

months) to reduce post harvest decay.  These stored produce 

are subjected to both mass transfer and heat transfer for such 

long period. It is difficult to attain uniform cooling in bulk 

capacity commercial potato cold storage due to uneven 

distribution of air flow and temperature distribution. Due to 

this uneven variation of temperature distribution and air 

velocity in cold chamber causes the product decay through 

either at higher temperature respiration rate increase or at 

lower temperature chilling injury occurred, H.B. Nahor et 

al.[1]. Therefore, the main aim to design a cold storage is to 

maintain a uniform required temperature and humidity 

inside the cold chamber. To model the heat transfer, air flow 

and moisture loss, CFD has been tested successfully. Cold 

storages are also more energy consumers that call for focus 

on thermal behavior inside cold chamber as it greatly affect 

the cost. The design to enhance thermal behavior of a cold 

chamber requires the understanding of air distribution and 

thermal state within the cold space. Inadequate operation of 

a cold chamber may result in negative effect on desire 

product quality because at higher temperature deterioration 

reaction rate increase. Even with no loading or unloading 

state i.e. steady state condition a well insulated cold space is 

influence by heat transfer through ceiling, walls, floor and 

heat generated by the equipment inside the cold space. 

Mostly the ceiling type cooling unit is used because it does 

not take any valuable space of the cold chamber, and free 

from damage due to material handling equipment, Woolrich 

and Hallowell, [2]. For settings in a refrigerated cold 

chamber the guideline can be found in Woolrich and 

Hallowell, Tressler et al. [3] and the International Institute 

of Refrigeration IIR [4]. Tressler et al. (1968) suggest the 

guideline that for any type of storage chamber used, the 

containers must be placed in such a way that it allow air 

distribution around them to enhance cooling effectiveness. 

For proper vertical air circulation containers or packages 

should not be too close to the wall, A clearance of around 

0.15m to .20m  should be maintain on all four sides of the 

storage. The guideline provided by IIR (1966) for 

dimensions of pallets and their arrangement inside the cold 

storage.  

Even there are general guidelines available on the 

system of refrigerated cold chamber, but they do not show 

how other relevant parameters affect the effectiveness of 

cooling and temperature uniformity inside of cold chamber. 

So it is needed to further studies about the relative parameter 

which increase the effectiveness of cooling and temperature 

distribution in cold house facility. Baird and Gaffney [5] 

developed a numerical model to estimate transient heat 

transfer during pre-cooling operation. Later, Baird et al. [6] 

include the design criteria for effective and efficient use of 

forced air cooling systems for product (veg. and fruits). The 

criteria consider the effects of many parameters including 

product initial temperature, final desired product 

temperature, airflow rate, temperature and % of relative 

humidity of air inside the chamber, atmospheric 

temperature, etc.  

Talbot, Oliver, and Gaffney [7] studied that the 

variations of the porosity inside the carton affect the 

predicted temperature of the product. Becker, Misra, and 

Fricke [8] studied the effect of RH of the air, air flow rate 

and skin mass transfer coefficient on moisture loss and since 

weight loss directly linked with RH of air so they concluded 

that at weight loss reduced at higher value of RH, while 

moss loss increase with increasing skin mass transfer 

coefficient during both cooling and storage period. Gowda, 

Narasimham, and Murthy [9] found that heat of respiration 

affect the pre- cooling time for bulk scale storage of 

spherical shape product, but negligible for small scale 

experiments. Hoang et al. [10] studied the analysis of air 

flow in a cold chamber using numerical analysis approach 

including the Reynolds-averaged Naviere Stokes equations 

with the k-3 turbulence model. An average difference of 

26% found between experimental calculated value and 

measured value. Foster et al. [11] did work on to reduce air 

infiltration using a CFD modeling. A CFD model developed 

to predict air infiltration through doorway and verified again 

the equipment measurement. Jing xie et al. [12] analysis the 

effect of design parameter such as corner baffles, fan 

velocity, the stock arrangement of food stuff on temperature 

distribution and flow field on 2D CFD Model as well 
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experimental. M.K. Choursiya, T. K. Goswami. [13] 

Finding the velocity of air, product temperature, and 

moisture loss with experiment and simulated the given 

model with CFD 2D Model at steady state condition. It is 

found that the result obtained by experiment and CFD model 

have good agreement. M.K. Chourasiya, T.K. Goswami. 

[14] studied the effect of stack dimensions and stock volume 

as well as gaps between and within the stack on cold down 

time of the product using CFD. It is found that the effect of 

increasing vertical gap is more than the effect of increasing 

horizontal gap. M.K. chourasiya, T.K. goswami [15] studied 

the parameter of the products and operating condition and 

their effect on heat and mass transfer using CFD in stacks of 

bagged potato during steady state and transient state. M.A. 

Delele [16] studied the air velocity pattern, Temperature and 

% of RH for minimum weight loss of product & minimum 

deposition of the sprayed water droplet using CFD, and find 

the interval of humidification for minimum weight loss and 

reducing cooling time. Son H. Ho et al. [17] purposed the air 

velocity and temperature distribution on 3D model and 2D 

model for different inlet air velocity when CU location fixed 

and for different location of CU when the inlet air velocity is 

fixed and it is found that the better cooling and uniform 

temperature can be at higher velocity and placing the 

cooling unit close to the array of stacks. 

By passing through the past studies it is found that 

the CFD model has good agreement with experimental 

result, on the other hand CFD analysis required less time 

and lower cost. A CFD modeling method using the finite 

element method is used to predict the flow and heat transfer 

of the air in the cold chamber. We assumed that air was 

Incompressible under steady state condition and having 

constant properties. Thermal loads include heat transfer 

through walls; roof and floor are calculated by guideline 

provided in NHB standard. It is also found that the 

distributions of airflow and temperature and the uniformity 

of temperature distribution play important role in thermal 

behavior of the refrigerated space. Although there are 

several factors which may affect the performance of cold 

storage cooling air velocity and temperature, location of the 

Cooling unit, and the parameters of the product distribution 

pattern i.e. the clearance between racks, aisles, and from the 

walls. All these analysis and studies were based on axial 

flow cooling coil arrangement.  Therefore the present study 

based on performance analysis of two different cooling coil 

arrangement on the basis of uniformity in temperature 

distributing  inside the cold facility with the help of 3-

dimentional CFD model during steady state condition. In 

first cooling coil arrangement we consider axial flow 

cooling coil located at the top of the wall, which is generally 

include during study. In another arrangement mix flow 

cooling coil (air flow through centre and circumferentially) 

of same capacity and input parameter is used. 

II. DESCRIPTION OF COLD STORAGE 

For computational model a potato cold storage having the 

dimensions 10m (l) × 8m (w) × 9m (h) is used. The bins 

having the dimensions 1.2m (l) × .9m (w) × .8m (h) are 

stacked with vertical and horizontal gaps between them as 

well as a clearance provided to separate them from walls 

and roof as show in fig. 1(a), 1(b) and fig.(2). There are four 

columns of bins, each column have 64 bins therefore total 

256 bins used for analysis.  

A horizontal and vertical clearance of .1m provided 

between the bins. A clearance of .2m provided between the 

front wall and wins, and side walls and wins. There is .1m 

gap provided between floor and bins ( Tressler et al. 1968 

and IIR 1966).  The axial cooling unit is located at the 

height of 8.3 m from the floor on the wall and air is through 

with the help of fan. The mix flow cooling unit is located at 

the centre of the ceiling as show in fig. (2) 

 
Fig. 1(A):  Dimensions for Axial Flow Cooling Coil 

Arrangement (YZ Plane) 

 

Fig. 1(B): Dimensions for Axial Cooling Coil Arrangement 

(XY Plane) 
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Fig. 2: Dimension and Arrangement of Mix Flow Cooling 

Coil 

In the above figure (2) for mix flow we have two 

opening A & B. A is the central discharge and B is 

circumferential discharge. The concept behind using this 

arrangement is to distribute air throughout the chamber with 

minimum resistance and maximum velocity. 

III. GOVERNING EQUATION AND BOUNDARY CONDITION 

The air which used inside the chamber is assumed as 

incompressible fluid with constant properties. In this section 

summarization of the governing equations are given that are 

used in to solve the fluid flow and heat transfer 

mathematically. This solution is based on the principle of 

conservation of mass, momentum, and energy. CFD 

Computational equations are given below:- 

The equation of mass conservation is:- 
      

   

   

The equation of rate of change of momentum is:- 
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The equation of energy is:- 
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Where velocity vector u (with components of the 

velocities u, v, and w in the direction of x, y, and z), pressure 

P, density ρ, viscosity μ, temperature T, and heat 

conductivity k. The changes in these given fluid properties 

can occur over space because this project works on only 

steady state condition. 

The temperature at the outlet side of the Cooling 

coil was fixed at a constant value of T = 1
 0

C, for preserving 

potato at 3 
0
C, NHB-(2010) [18]. The walls of the chamber 

consisting of 4.5 cm thick plaster, 37 cm thick brick, 10 cm 

thick thermocol. Considering ceiling consisting of 3mm 

thick asbestos sheet and 10 cm thick thermocol. The floor 

made of 6cm thick sand, 10cm thick rubble filling, 8cm 

thick cement concrete, 10 cm thick thermocol and 1 cm 

thick cement plaster, priyanka sakare [19]. It is assumed that 

the cold storage is exposed in the atmosphere at 28
 0

C and 

soil temperature is 15 
0
C.  The light load of 10 W/ m

2
 is 

considered (IIR 1966). It is also considered that the velocity 

at the surface of walls, floor and roof is zero. The inlet 

velocity from the cooling coil is fixed at 3 m/s. 

Model 
Heat transmission (W) 

Roof & lighting walls floor 

3-D 778.55 645.67 191.2 

Table 1: 

IV. NUMERICAL SOLUTION 

For performance analysis of axial flow cooling coil and mix 

flow cooling coil in cold storage. The whole created in pre-

processor ANSYS DESIGN MODELER. After creating the 

geometry, meshing was done in which a uniform tetrahedral 

mesh for the entire domain was selected. The mesh can be 

refined near the walls to satisfy the standard wall function 

conditions but because of the complexity it is avoided in this 

work and a uniform mesh is formed over the entire model. 

The total numbers of nodes and elements is about 104106 

and 491473 resp. for Case 1 (axial flow cooling coil at the 

Top of wall) .The total numbers of nodes and elements is 

about 105308 and 490043 for case 2 (mix flow type of 

evaporator at ceiling) 

 
Fig. 3: Meshing For Axial Flow Cooling Coil 

 
Fig. 4: Meshing For Mix Flow Cooling Coil Arrangement 

The computations done with the help Fluent 14.5 

software. Where the governing equations were solved using 

finite volume approach. The overall accuracy of the model 

was selected as second order upwind coupling was ensured 

using SIMPLE algorithm; the model was solved for velocity 

field. Initial conditions i.e. inlet air temperature, room 
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temperature, cooling capacity were kept same for both the 

cases. Run the solution by giving 2000 Number of iteration 

for solution to converge using I-3 PC with 4 GB RAM. 

V. RESULT AND DISCUSSION 

This chapter presents the predicted airflow distribution, 

pressure distribution and temperature distribution during 

forced-air cooling in a cool storage which was considered 

for analysis. ANSYS FLUENT 14.5 included the 

temperature data, pressure data and airflow velocity for the 

temperature distribution, pressure distribution and airflow 

velocity inside the cold chamber. 

A. Temperature Distribution: 

 

Fig. 5: Temperature Distribution for Axial Flow Cooling 

Coil Arrangement 

 
Fig. 6: Temperature Distribution for Mix Flow Cooling Coil 

Arrangement 

Above fig (5) &  (b) shows the temperature 

distribution for the cold chamber having the axial flow 

cooling coil located at top of wall and mix flow cooling coil 

located at centre of ceiling respectively, having the same 

capacity. From the obtained temperature field it is clear that 

the temperature distribution in mix flow coiling coil is more 

uniform than the axial flow cooling coil arrangement. It is 

also found that the bins average temperature obtained in mix 

flow arrangement is 275.2549 K while in axial flow 

arrangement average bins temperature is 277.4871 K. The 

average temperature of cold storage is 276.5785 K in axial 

flow arrangement and 274.8892 K. from the above 

parameter of temperature we can say that the temperature 

distribution is better in mix flow arrangement compare to 

axial flow arrangement. 

B. Pressure Distribution: 

 
Fig. 7: Pressure Distribution for Axial Cooling Coil 

Arrangement 

 
Fig. 8: Pressure Distribution for Axial Cooling Coil 

Arrangement 

Figure (7) & (8) shows the Pressure distribution in 

a cold chamber for axial flow cooling coil arrangement and 

mix low cooling coil arrangement respectively. It is found 

from the pressure distribution analysis that the pressure drop 

is not much more for this arrangement, it is about 4.49 

Pascal. But on the other side pressure drop for mix flow 

cooling coil arrangement is found around 9.5764961 which 

is  approx double of axial flow arrangement. Since pressure 

drop show the space covered by the cooling air inside the 

cold chamber therefore the basis of these results we can say 

that air distribution in mix flow coil arrangement is better 
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than the axial flow coil arrangement hence better heat 

exchange takes place. 

C. Velocity Distribution: 

 

Fig. 9: Velocity Distribution for Mix Flow Cooling Coil 

Arrangement 

Above figure (9) & (10) show the distribution of 

velocity for mix flow arrangement and axial flow 

arrangement. It is found that the velocity distribution in mix 

flow arrangement is better because most of the space 

covered with high velocity, especially in centre where 

velocity is found minimum (H.B. Nahor 2005). In both the 

cases the cooling coil outlet velocity was same and constant 

at 3 m/s 

 
Fig. 10: Velocity Distribution for Axial Flow Cooling Coil 

Arrangement 

VI. CONCLUSION 

A three-dimensional CFD simulation was developed to 

compare airflow distribution and temperature distribution 

for axial flow cooling coil and mix flow cooling coil 

arrangement. The calculation domains were discredited with 

a tetrahedral meshing for the entire domain was selected. 

Using ANSYS FLUENT 14.5 software a finite volume code 

was used for the numerical implementation of the models. 

Standard k - ε turbulence model was enabled based on the 

previous studies (Nahor, et al., 2005). The overall accuracy 

of the model was selected as second order upwind. The 

Pressure–velocity coupling was ensured using SIMPLE 

algorithm; the model. Initial conditions i.e. inlet air 

temperature, room temperature, cooling capacity were kept 

same for both the cases. After getting all the results based on 

CFD and analyzing we can conclude that, both temperature 

distribution and velocity distribution is better in mix flow 

cooling coil arrangement compare to axial flow cooling coil 

arrangement for same initial and boundary condition. 
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