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Abstract 

 

Bonded coil construction have surface area coming in contact with tank after brazing is small compared with 
the total surface area of the coil and also there is indirect contact between water to be cooled and the evaporator 
coils. Due to this type of construction most of the portion of the evaporator coil remains ineffective. Plate coil 
exchanger has direct surface area connect between two fluids. The whole heat exchanger surface is dipped in 
one of the fluid so effective area of contact is total surface area. They can be made from stainless steel material 
to maintain hygienic condition of drinking the water. Cleaning and maintenance of this heat exchanger is so 
easier. But milk cooler is a good example of dimpled plate heat exchanger so it is proposed to analyze 
performance of this heat exchanger os an evaporator in small capacity water cooler. 
 
Keywords: Evaporator, Dimpled plate. 

 
1. Introduction 
 
Water cooler is a common example of refrigeration system observed in day to day life. The purpose of water 
cooler is to make water available at a constant temperature irrespective of ambient temperature. They are 
meant to produce cold water at about 7°C to 13°C. It has the primary function of cooling potable water and 
dispensing it to integral and/or remote areas, by means of a complete mechanical refrigeration system here are 
three types of water cooler such as storage type, bottler type and instantaneous type water cooler. Out of which 
storage type water cooler is most popular among all other types. Refrigeration system of water cooler consists 
of different components as follows Hermetic compressors are commonly used for both 50 and 60 Hz AC 
applications. Compressors are similar to those used in household refrigerators. Forced air-cooled condensers 
are most commonly used. Capillary tubes are used almost exclusively for refrigerant flow control in 
hermetically sealed systems. This water cooler has the evaporator formed by refrigerant tubing bonded to the 
outside of a storage tank; such evaporator is called bonded coil evaporator. This bonded coil construction has 
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very small effective surface area of evaporator. As coils used are of circular cross section, there is line contact 
or small area contact between coils and storage tank. Remaining area of the evaporator coils is covered with 
insulation and remains ineffective, so effective surface area is very less compared with total surface area of the 
coil. When a dimpled wall is used in channel flow, dimple geometry play a key role in the heat transfer and 
drag coefficients. The optimum configuration should provide the higher heat transfer improvement with less 
drag for a specific application. As of today, there exists no road map to determine the optimum dimple 
configuration.                
 
 
 
 
 
 
 
       
   
 
 
 
 
 
 
 
 
 
 
 

figure.1: Dimple on plate 
During the last few years, studies on turbulent flow over dimpled walls have provided some insight into the 
application of this technology for turbine blade and jet impingement cooling. However, application of dimples 
in laminar flow was scarcely explored. Microelectronic cooling and micro fluids, where the flow regime is 
mostly laminar, are two potential fields of application for dimple technology. Most existing archival papers 
which utilize dimpled surfaces consider turbulent flows at higher Reynolds numbers. Existing thermal 
performance data for dimpled surfaces in laminar flows are rare, even though such data are useful for 
applications such as electronic cooling, where lower Reynolds numbers and lower speeds are present. The 
present study is aimed at partially remedying this deficiency by providing a systematic set of data which 
illustrate the effects of dimples on local and spatially-averaged surface Nusselt number distributions, as well as 
on friction factors in channels with laminar flow. Of particular interest are the changes which occur because of 
the absence of turbulence transport. In some cases, vastly different trends are present as flow conditions are 
altered, or as some aspect of channel geometry is changed. Two different dimple depths and three channel 
heights are employed at Reynolds numbers based on channel height ranging from 260 to 1030. Also included 
are laminar flow experimental results, which illustrate the combined effects of dimples and protrusions as they 
are located on opposite channel walls. 

  
2.  Literature review 
 
Bulk milk cooler is a stainless steel insulated tank fitted with agitator and a refrigeration system. Milk when 
pumped into this tank is circulated till it reaches less than 4ºC. Because of insulation the temperature is 
maintained. Whenever the temperature exceeds the refrigeration system operates. Bulk milk coolers are used 
extensively for cooling milk at the collection point, thus maintaining the quality of milk. These are hygienic, 
easy to use and available in various sizes. 



INTERNATIONAL JOURNAL OF RESEARCH IN AERONAUTICAL AND MECHANICAL ENGINEERING 

Vol.2 Issue.7, 

July 2014.  

Pgs: 14-20 

 

Mukund Y Pande, Atul Patil 16 

 

N. Xiao et al. [10] The present study provides the systematic set of data which illustrate the effects of an 
array of dimples on local and spatially averaged surface Nusselt number distributions, as well as on friction 
factors in channels with laminar flow. Trends of spatially-averaged Nusselt numbers and friction factors are 
provided as they vary with dimple depth, channel height, Reynolds number and the use of protrusions on the 
opposite channel wall. When compared with turbulent flow results, the present laminar data illustrate changes 
due to the absence of turbulence transport. For example, in contrast to turbulent flows, the present laminar flow 
data show that there is no overall benefit from the use of a top wall with protrusions. In addition, spatially-
averaged Nusselt number ratios and friction factor ratios measured on a deep dimpled surface with a smooth 
top wall show trends which are opposite from ones observed in turbulent flows, since lower laminar heat 
transfer augmentations are present for smaller channel heights when compared at the same Reynolds number.  
Derya Burcu Ozkan et al [6] examine parameter affecting the frost formation on the evaporator of a refrigerator 
and the structure of frost. Air velocity both at the air inlet and outlet channels of the evaporator were 
performed, and the effect of the air velocity on frost formation was examine. In this experiment parameter 
affecting on frost formation on the evaporator and structure of the frost were examined and frost thickness on 
the chosen fin was measured. In this experiment the compressor of the refrigerator operated at 100% load and 
cooling was carried out for 5 Hr. 
 
S. D. Hwang et al. [7] in present study, heat transfer and thermal performance of a periodically dimple-
protrusion patterned surface have been investigated to enhance energy-efficiency in compact heat exchangers. 
The local heat transfer coefficients on the dimple/protrusion walls are derived using a transient TLC (Thermo-
chromic Liquid Crystal) technique at low Reynolds number. The periodically patterned surface is applied to 
the bottom wall only or both the bottom and top walls in the test duct. On the single-side patterned walls, 
various secondary flows generated from the dimple/protrusion coexist. The vortices induced from the upstream 
affect strongly on the downstream pattern. For the double-side patterned wall case, vortex interaction affected 
by the opposite wall enhances highly the heat transfer. The heat transfer augmentation is higher in the lower 
Reynolds number due to the effective vortex interactions. Therefore, the performance factor considering both 
heat transfer enhancement and pressure loss increases with decreasing the Reynolds number. 
O. The capacity of a water cooler is expressed in liters per hour and is the quantity of water cooled in one 
hour from a specified inlet temperature to a specified dispensing temperature. Normal standard capacities of 
water coolers range from 3.8 to 114 L/h. 
Water coolers are rated on the basis of continuous flow capacity under specified water temperature and 
ambient conditions. ARI standard 1010-84, Drinking –Fountain and self –contained Mechanically –
Refrigerated Drinking –Water Cooler, gives the generally accepted rating conditions and references test 
methods as prescribed in ASHRAE standard 18-1987, Methods of Testing for Rating Drinking – Water 
Coolers with Self-Contained Mechanical Refrigeration Systems. 

 Temperature 0C 

Type of Cooler 
Ambient (o 

C) 
Inlet Water  

(o C) 
Cooled Water 

(o C) 
Heated Portable 

Water (o C) 
Spill % 

Bottle Cooler 32 32 10 74 NONE 

Pressure Types using pre 
cooler or Non-pre cooler 
Drain(bubbler service) 

32 27 10 74 60 

Not  using  pre-cooler or 
Other heat transferring 

device 
32 27 10 74 NONE 
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Compartment coolers 
Standard rating conditions for water cooling noted above apply. During the 
standard rating test, no ice shall melts, nor shall the average temperature 
exceed 7.8 (°C) in the refrigerated compartment. 

Table.1: Rating Of cooler 
 

 
Figure.2 Temperature distribution over the dimpled surfaces. Fluid flow is from the left to right. Heat flow is 
from the bottom to the top. a. Circular dimples, b. Oval dimple 1-horizontal, c. Oval dimple 2-horizontal, d. 

Oval dimple 3-horizontal, e. Double dimples, f. Oval dimple 1-vertical, g. Oval dimple 2-vertical, and h. Oval 
dimple 3-vertical 

 
3.  Experimental Setup and Procedure 
3.1 Experimental procedure  

i. Water level in tank is at 40 liter is ensured.  
ii.  Hand operated valve for water supply is open is ensured.  

iii.  Hand operated valves H2 and H4 kept at open position and H1 and H3 at closed position for 
operating system with bonded coil evaporator.  

iv. Power supply switched “ON”.  
v. Initial reading of temperatures noted down.  

vi. Set up run for about 1 hr till temperature drop for 17°C is observed.  
vii.  Faucet opened and flow of water adjusted to maintain temperature drop of 17°C.  

viii.  Set up is allowed to run for about 1 hr till temperature drop observed is stable.  
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ix. Temperatures at all points noted down.  
x. Time required for 10 flashes in energy meter noted down.  

xi. Time required for flow of 1 liter of water noted down.  
xii.  Condenser and evaporator pressure in pressure gauges noted down.  

Procedure was repeated by operating system for dimpled evaporator. Hand operated valves H1 and H3 kept at 
open position and H2 and H4 at closed position for that purpose. 

 
Figure.3: Layout of system 

Assumptions  
a) There is no heat loss from suction line.  
b) There is no heat loss from storage tank.  

Calculations 

A). Carnot COP = 
��

�������
  

Where TL= Lowest Temperature in cycle i.e. saturation Temperature Corresponds to evaporator 
pressure (°K), 
TH= Highest Temperature in cycle i.e. saturation Temperature Corresponds to condenser pressure 
(°K) 

B). Theoretical COP = 
���	
�����	���
���
�����	�����

���	
�����	�	��
���	
	�	
�
 

Enthalpy values according to P-h Chart of refrigerant 
R134a Corresponding to pressure and temperature 
conditions of evaporator and condenser inlet and outlet. 

																																											�� =         kJ/kg, 

																																											�� =         kJ/kg, 

																																											�� =          kJ/kg, 

																																											�  =          kJ/kg,                                            Figure.4: P-h Chart 

Theoretical refrigerating effect = (�� ! � � kJ/kg 

Theoretical Compressor Work = (�� ! ��� kJ/kg 
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C). Actual COP = 
"�#��	���
���
�����	�����

"�#��	�	��
���	
	�	
�
 

Actual Refrigerating Effect = mw × Cpw × (T5-T6) kW 

$% = 
&

'%

()

*
 

Actual Compressor work = Energy supplied / Time 

Actual Compressor work = 
�+

,
-

�.++

�/0
 kW Where, N=Energy meter constant in rev/kW-hr. 

N=320 rev/kW-hr 

D). Relative COP = 
123456	789

:;<=><3?256	789
 

E). Capacity of water cooler = 
�.++

����	�		��	�	�	��	@���

	
��
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F). Evaporator Capacity = 
"�#��	���
���
�
���	�����

"
��		�	�B��	
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@
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4.  Results and discussion 
 

 
Figure.5: Comparison of COP with different Passage 

 
Capacity observed was nearly same of the capacity specified by the company; system was operating as per 
design conditions. Results obtain for bonded coil evaporator can be used to compare performance of the system 
with proposed dimpled evaporator. To increase refrigerating effect, it was decided to narrowing the width of 
the passages. As width of passages going to reduce, number of passages for given width of the plate were 
going to increase, increasing length of the path followed by the refrigerant.  Passages formed of dimpled plate 
evaporator with 8 passages were observed better than previous dimpled evaporator. Refrigerant was following 
expected flow path and get evaporated. As length of path was more vapor leaving evaporator was observed 
superheated. System balancing observed difficult for dimpled evaporator. 
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5. Conclusion 
 
Based on the experiments performed and analysis of the results following conclusions were drawn System 
operating with 8 passages dimpled evaporator outperforms both bonded coil evaporator and 6 passages 
dimpled evaporator. Evaporator having 8 passages was more effective due to increased length of path for the 
refrigerant. It was causing effective utilization of surface area and increasing time for which refrigerant was in 
the evaporator. Refrigerating effect was increased by 17.61% for 8 passages evaporator with relatively less 
increase in compressor work (5.8%). It was observed that COP improved from 1.76 to 1.95. As coils were 
soldered to the drum for bonded coil evaporator, surface area and hence evaporator capacity was not 
effectively utilized. 
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