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ABSTRACT 

 Air conditioning is the process of conditioning the properties of air to more comfortable conditions, typically 

with the aim of distributing the conditioned air to an occupied space in order to improve the thermal comfort and 

indoor air quality. In this study, is to enhance the performance of air conditioner by condensing the hot Freon gas using 

spiral type heat exchanger. Heat exchangers are one of the most pivotal heat transfer device. In conventional air 

conditioner, air cooling method is used to condense the Freon gas. The major drawback of this method is that 

condensation of the Freon is incomplete at the output of condenser (a two phase mixture).  To overcome this 

conventional condenser Propylene Glycol as the coolant due to its high heat transfer capacity. The output determined 

from the HBHE is compared with the conventional air cooling system and the results are tabulated. 

Keywords:  Air Conditioning Devices, Soaked Type HE (STHXs), Helical Baffle HE (HBHX). 

INTRODUCTION 

Air Conditioning System: The design itself is a challenging subject, dealing with purposeful activity directed towards 

the fulfillment of the human requirements.  This requires considerable information such as feasibility of the certain 

systems within the limiting factors namely physical reliability, economic worthwhile, financial feasibility etc.   In 

addition to one has considered factors such as materials, components and their design steps, standard data available, 

besides its applicability to the end user.  The Air conditioner Test Rig works on Vapour Compression air conditioning 

cycle using Propylene Glycol as a coolant along with air flow system. The refrigeration side consists of hermatically 

sealed compressor, condenser, and an evaporator. This air conditioning unit can be operated either with the 

thermostatic expansion valve or with the capillary tube as expansion device by using the control valves.  The 

evaporator unit consists of a number of coils and forms as liquid refrigerant air heat exchanger. This unit absorbs heat 

from the air to be chilled. A blower is used to circulate the air through the evaporator. A thermostat is provided to cut 

off the compressor when the air temperature reaches the required set value. A pitot tube is provided to measure the 

mass flow rate of air which is cooled.   This cycle repeats. 

Specifications: 

Type ALTECH Vapour compression – air conditioning. 

Capacity Freon 12 

Refrigerant Hermatically sealed compressor 

Condenser Air cooled – finned tube. 

Evaporator Finned tube with air flow duct surrounding 

Power Measurement By energy meter to get power input to the entire set, motor, condensed fan, air blower. 

Throttling Expansion System Capillary tube or thermostatic expansion valve. 

Air flow By a blower. 

Air flow Measurement By pitot tube. 

Air flow duct 0.37*0.17 sq.m 

Rated Power Supply 230V, 1-ɸ AC,  5Hz 

Cooling Capacity 9,000 Btu/hr. 

Power Consumption 1KW 

Heat Exchanger: The conventional shell and tube heat exchangers with helical baffles have low heat transfer co-

efficient due to its arrangement that causes high leakage flow, bypassing the heat transfer surface and high pressure 

drop due to the helical baffles obstructing the shell side flow completely. This results in higher pumping costs for 

industries. The hydrodynamic studies testing the heat transfer (mean temperature difference) and the pressure drop, 

with the help of research facilities and industrial equipment have shown much better performance of helical baffle heat 

exchangers as compared to the conventional ones. This results in relatively high value of shell side heat transfer 

coefficient, low pressure drop, and low shell side fouling. 
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Fig.1.Layout of Air Conditioning Fig.2.Experimental Setup 

Desirable features in a heat exchanger: The desirable features of a heat exchanger would be to obtain maximum heat 

transfer to pressure drop ratio at least possible operating costs, and without comprising the reliability. 

Higher heat transfer co-efficient and larger heat transfer area: A high heat transfer coefficient can be obtained by 

using larger heat transfer surfaces, and surfaces which promote local turbulence for single phase flow or have some 

special features for two phase flow. Heat transfer area can be increased by using larger exchangers, but the more cost 

effective way is to use a heat exchanger having a large area density per unit exchanger volume. 

Lower Pressure drop: Use of helical baffles in a Heat Exchanger result in high pressure drop which is undesirable as 

pumping costs are directly proportional to the pressure drop within a Heat Exchanger. Hence, lower pressure drop 

means lower operating and capital costs.  

Developments in shell and tube heat exchanger: The developments for shell and tube exchangers focus on better 

conversion of pressure drop into heat transfer i.e., higher Heat transfer co-efficient to Pressure drop ratio, by improving 

the conventional baffle design. With single helical baffles, most of the overall pressure drop is wasted in changing the 

direction of flow. This kind of baffle arrangement also leads to more grievous undesirable effects such as dead spots or 

zones of recirculation which can cause increased fouling, high leakage flow that bypasses the heat transfer surface 

giving rise to lesser heat transfer co-efficient, and large cross flow. The cross flow not only reduces the mean 

temperature difference but can also cause potentially damaging tube vibration. 

Helical baffle Heat Exchanger: The baffles are of primary importance in improving mixing levels and consequently 

enhancing heat transfer of shell-and-tube heat exchangers. 

 
Fig.3.Design of Helical Baffle HE 

 However, the helical baffles have some adverse effects such as large back mixing, fouling, high leakage flow, 

and large cross flow, but the main shortcomings of helical baffle design remain. Compared to the conventional helical 

baffled shell and tube exchanger Helix changer offers the following general advantages.  

1. Increased heat transfer rate/ pressure drop ratio 

2. Reduced bypass effects.  

3. Reduced shell side fouling.  

4. Prevention of flow induced vibration.  

5. Reduced maintenance 
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Research aspects: Research on the helix changer has been focused on two principle areas:  Hydrodynamic studies and 

experimentation on the shell side of the Heat Exchanger.   Heat transfer co-efficient and pressure drop studies on small 

scale and full industrial scale equipment. 

Design aspects: An optimal design of a helical baffle arrangement depends largely on the operating conditions of the 

heat exchanger and can be accomplished by appropriate design of helix angle, baffle overlapping, and tube layout. The 

original Kern method is an attempt to co-relate data for standard exchangers by a simple equation analogous to 

equations for flow in tubes. However, this method is restricted to a fixed baffle cut of 25% and cannot adequately 

account for baffle-to-shell and tube-to-baffle leakages, it does allow a very simple and rapid calculation of shell side 

co-efficient and pressure drop to be carried out and has been successfully used since its inception. 

  
Fig.4.Design of Experimental Setup 

Important Parameters  

 Pressure Drop (ΔPS)  

 Helical Baffle pitch angle (ф)  

 Baffle spacing (LB)  

 Equivalent Diameter (DE)  

 Heat transfer coefficient (αo)  

 
 

Fig.5.Copper Spiral coil Fig.6.Aluminium HB 

 In designing a helical Baffle Heat Exchanger, the pitch angle, baffle’s arrangement, and space between the two 

baffles with the same position are some of the important parameters. Baffle pitch angle (ф) is the angle between the 

flow and perpendicular surface on exchanger axis and LB is the space between two corresponding baffles with the 

same position.  Optimum design of helical baffle heat exchanger is dependent on the operating conditions of the heat 

exchanger. Consideration of proper design of Baffle pitch angle, overlapping of baffles and tube’s layout results in the 

optimization of the Heat Exchanger Design. In heat exchangers, changing the baffle space and baffle cut can create 

wide range of flow velocities while changing the helix pitch angle in helical baffle system does the same. Also, the 

overlapping of helical baffles significantly affects the shell side flow pattern. 

Thermal analysis of helical baffle heat exchanger: In this paper, thermal analysis has been carried out.  The thermal 

parameters necessary to determine the performance of the Heat Exchanger have been calculated for Helical Baffle Heat 

Exchanger which is the subject area of interest. The thermal parameter of the heat exchanger clearly shows the 

advantages and disadvantages of the heat exchangers. 
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Table.1.Input data:shell side 

Quantity Symbol Value Quantity Symbol Value 

Shell side fluid  Propylene Glycol Baffle cut  25% 

Volume flow rate Qs 5.1 lpm Baffle Pitch LB 0.38 m 

Shell side mass flow 

rate 
Ms 0.05 kg/sec Shell side nozzle ID  0.023 m 

Shell ID Di 0.2 m Mean Bulk Temperature MBT 300C 

Shell length Ls 0.38 m No. of baffles Nb 10 

Tube Pitch P 0.038 m 
Shell side mass velocity / 

mass flux 
Mf Kg / (m2s) 

No. of passes  1    

Table.2.Input data – Tube side 

Quantity Symbol Value Fig.7.plot of ‘f’ as a function of shell-side Reynold’s number 

Tube side fluid  Freon 

 

Volume flow rate Qt 40 to 80 lpm 

Tube side Mass flow rate Mt 0.02 kg/sec 

Tube OD Do 0.0067 m 

Tube thickness  1.123 m 

No. of tubes  0.0225 m 

Tube side nozzle ID  1 

Mean bulk temperature MBT 300C 

 

Table.3.Thermo-physical Properties of shell and tube Heat Exchangers 

Properties Shell side (Propylene 

Glycol) 

Tube side 

(Freon) 

Density (kg/m3) 1032 1486 

Specific heat (J/Kg-K) 2.51 1.02 

Thermal Conductivity (W/m-K) 0.15 0.24 

Viscosity (N/s-m2) 0.042 2.13x 10-5 

Overall Efficiency of Air Conditioning System:  

Table.4.Inlet and Outlet of DBT and WBT 

Inlet Outlet 

WetBulb Temperature Dry bulb Temperature Wet Bulb Temperature Dry bulb Temperature 

25 32 19 24 

25 32 17 23 

25 31 15 21 

24 31 14 20 

23 31 14 20 

 

Table.5.Pressure & Temperature of 4 stages in AC 

Para Meter 1 2 3 4 

P (KPa) 275.79 1792.64 1778.84 310.26 

T1 (0C) 22.1 54.1 49.1 7.8 

T2 (0C) 21.1 56.3 49.2 7.2 

T3 (0C) 21.5 53.2 49.7 6.4 
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RESULTS AND DISCUSSION 

Table.6.Air Conditioning Results 

Sl No. Net Workdone 

(kg/ 

hr) 

Net  

RE 

(kg/ 

hr) 

COPActual COP 

theritical 

AC Capacity 

X 10-5 TR 

Overall Efficiency 

% 

COPRelative 

1. 38 0.32 1.28 0.42 2.54 15.2 3.04 

2. 30 0.30 2.40 0.50 2.38 24 4.80 

3. 34 0.36 2.88 0.53 2.87 27.2 5.29 

 

Graph.2.Plots H.T.C & Pressure Drop Vs hr 

  
Graph.1.Plots Efficiency & COP Vs hrs Graph.2.Plots H.T.C & Pressure Drop Vs hr 

 

Table.8.Shell & Tube Heat Exchanger 

Helix Angle 
H.T.Co-effient 

(W/m2-K) 

Pressure Drop 

(KPa) 

150 4.7 0.0243 

250 6.4 0.0276 

350 5.6 0.0358 

450 4.9 0.0496 

It shows that, from table 8, the pressure drop for HB Heat Exchanger for Helixchanger (250C) it is 0.0276and it is 

minor for all helix angles. 

CONCLUSION 

 In this paper, the thermal analysis for heat exchangers with different baffle inclination angles are performed to 

show the effects of baffle inclination angle on the heat transfer and pressure drop characteristics. The current project 

work is to demonstrate the working of air conditioner to evaluate the performance parameter.  During experimental 

investigation, it is found that the system is able to produce and maintain the different load condition.  Thus, the system 

can be successfully used for different capacities of Air Conditioner, Retrofit or Modified Air Conditioner with some 

alteration. Finally the experimental results well within acceptable limit. 
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