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Abstract
Increased consumption and demand of fossil fuels over the years 
and less use of renewable energy sources, have led to negative 
consequences and effects on the environment and health, all 
around the world. This has raised the awareness of people to 
look at renewable energy sources with more alertness. One such 
renewable system is, using wind towers for natural ventilation. 
Using wind tower for natural ventilation is not possible in hot 
climates, as the temperature of air is too high to directly suck it into 
the room. Medical buildings and most residential buildings with 
height more than 10+ stories use FAHU (Fresh Air Handling Unit) 
to mix re-circulating air with fresh outside air, mixer of air, is than 
filtered and pre-cooled to comfort temperature before discharging 
in desired room. This research paper focuses on combining FAHU 
(air-conditioning) system with wind tower. This paper studies and 
analyses the effect of wind tower on fresh air handling system 
of sample Medical clinic that has been constructed according 
to Dubai Government standards. Wind tower pre-cools the air 
entering in FAHU and then, air from FAHU and AHU is further 
pre-cooled and supplied to room. The buildings fitted with roof top 
wind tower will experience less load on air-conditioning system 
and less refrigerant is required to cool the outside air in the cooling 
coils, compared to buildings of same size without wind tower. The 
proposed system was capable of reducing power consumption of 
HVAC system of clinic by 20%. 
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I. Introduction
Today, especially in Middle East regions and parts of desert across 
the world, there is very high rise and fall in the ambient temperature. 
As it’s known for human comfort temperature should be from 23 
to 25 degree Celsius. To maintain this comfort temperature, air 
conditions are used, which not only maintain temperature but 
also control other aspects and parameters related to comfort, 
like humidification, de-humidification, filtering air, controlling 
humidity ratio, sensible heat and latent heat and other carious 
parameters. In middle-east 70% of the energy produced is used 
for maintaining comfort temperature and left 30% is used by 
other HVAC equipment, and household machinery. A simple air 
conditioning system has two units. One, DX unit which includes 
evaporator, condenser, compressor and valves or throttle. And the 
other part consist of cooling coil and fan. In normal residential 
rooms air is re-circulated for some time and then it’s discharged 
directly into the atmosphere. In most cases part of outlet air is mixed 
with inlet air to decrease the load on DX unit. This is achieved 
by using FAHU (Fresh Air Handling Unit), HRV (Heat recovery 
Ventilator) in genral using AHU’s (Air handling Units). 
In recent years heat pipes have been developed and are being 
widely used in HVAC systems. Because they are efficient in 
thermal transportation and does not require any external equipment 
to pump refrigerant in it. Heat pipes are type of heat exchangers. 

There are four types of heat exchangers: run-around coils, this 
type of heat exchangers are good for exchanging heat energy 
at large distances but are not efficient compared to other types 
of heat exchangers. Plate-to-plate type heat exchangers. This 
type of heat exchangers are efficient, and are used in low CFM 
areas. One drawback of using this type of heatexchangers is that, 
condensate might get trapped between the plates and for moulds. 
As a result there maintenance is high. Heat recovery wheel. This 
heat exchangers are efficient, but small percentage of air may 
mix during energy exchange process. Wheels also has to undergo 
periodical maintenance, for efficient performance. Heat pipes. 
This heat exchangers are more efficient compared to other heat 
exchangers. They do not have any disadvantage as seen in other 
kinds of heat exchangers. Wind towers were traditionally used in 
middle-eastern regions. But with progressive wave of time this 
wind towers were no longer in use for cooling purpose, rather they 
are now used as showpiece. But few researchers working in field 
of sustainable energy, focus on use of wind towers for pre-cooling 
different areas. But still no efficient solution has been discovered. 
This research work focus on efficiently reducing air temperature 
entering into FAHU system of building.

II. Literature Review
Advantages of using wind tower fitted with the heat pipes 
as heat transmission devices are: manufacturing simplicity, 
flexibility, ability to transport heat and thermal flux at high 
rate over long distances, with extremely small temperature 
drop, height independency. Extensive research is going on heat 
recovery heat exchangers systems, materials to be used at both 
macro and nanoscale. Y.H. Yau and M. Ahmad zadehtalatapeh 
[1] conducted experimental and theoretical study on horizontal 
heat pipe heat exchanger for tropical climate. They investigated 
dehumidification and efficiency enhancement techniques. J.W. 
Wan et al [2] conducted research on energy consumption pattern 
of heat pipe heat exchanger for central air conditioning system. 
A.V. Luikov [3] performed extensive research on heat exchangers, 
using different experimental setups. He concluded that heat pipes 
are very efficient in transferring thermal links. Thus increasing 
heat recovery capacity of ventilation system.R. Sureshkumar, 
S. TharvesMohideen et.al [4]carried out search on heat transfer 
characteristics of nano-fluids in heat tubes, and found increment 
in efficiency of heat tube, thermal flux and thus heat transfer 
capacity. Now research on heat recovery efficiency of heat pipe 
has grown exponentially. Noie-Baghban and Majideian [5] 
conducted extensive study on the type of heat exchanger and its 
other parameters for their application in Hospitals and Clinics. 
Research was focused on clean ways with no contamination, as 
air used in medical facilities should be pure and without and 
contamination. As written by Battle Mccarthy [6], traditionally, 
wind towers also known as wind catchers were used in middle-
east for cooling air entering into the room to certain extent. They 
were known by different names in different areas of middle-east.  
“Hughes et al [7] conducted research on cooling techniques for 
wind tower, for different uses. This included parameters like rate 
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of variation, temperature, and velocity. These parameters were 
studied to see the viability of wind tower for respective use. The 
results obtained showed 12-15k reduction in temperature. Jones 
and Kirby [8] explained the structure and design of wind tower. 
Furthermore, Bouchahm et al [9] focused his research on thermal 
efficiency of wind tower. He showed that wetted internal columns 
of wind tower resulted in 2-3K extra reduction in temperature. 
Badran [10] using mathematical model, Badran conducted study 
on multi-directional wind tower. And its effect on ventilation 
output. Elmualim et al [11] studied effect of shape and structure 
of wind tower on its efficiency. He experimented with square and 
circular type of heat exchanger. Results concluded that square 
shaped wind catchers are more efficient than circular one. To 
determine how these kinds of wind catcher behave and act, the 
induced air flow rate at the different wind angles were measured 
with a help of the method developed by Montazeri [12]. From 
the above literature review a main problem can be highlighted 
that, none of the researchers have used heat pipes in upper and 
lower area of wind tower. This research focuses on implantation 
and analysis of wind tower fitted with heat pipes at two positions 
and effect of it on temperature and power saving in small sample 
medical clinic.

III. Theory

A. Governing Equations of Computational Fluid Dynamics
CFD is method used in Ansys software for fluid analysis of any 
kind of structure. There are many equations that are imbibed in the 
software itself, which help in fluid analysis, with good precision. 
I will showing few major equations that are used for analysis of 
Wind Tower fitted with heat pipes. 

1. Continuity Equation
In CFD this equations are used for conservation of mass. i.e there 
is no loss in mass of the system. It is represented as 

Where ρ is density, μ is fluid viscosity and t is the time.
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This is general equation for mass conservation. mS is mass 
added to the system, so that above equation is satisfied. Because 
during evaporation and condensation there is small amount of 
mass loss, so compensate with that former parameter is added. 
Above, continuity equation is valid for both compressible and 
incompressible flows.

2. Conservation of Momentum Equation
Newton stated in his second law of motion, that, rate of change 
momentum of any particle is equal to the sum of forces applied 
on it in x, y, z plane. This is also applicable for fluid elements 
and its analysis in CFD.  Equation of conservation of momentum 
is written as:

Above parameters show rate of increment in momentum in x, y 
and z directions.
Now, to find momentum in x-direction following equation is 
used:

Where T is torque generated due to force mxS , similarly momentum 
in y and z direction can be written:

And

3. Energy Equation 
From the first law of thermodynamics it is known that energy of 
the system is determined by amount of heat addition plus the work 
done on the system. This equation can be written as:

Where T is temperature, effk is the effective conductivity, J is 
known as diffusion flux of the system. 

4. Standard K-Ɛ Model 
The standard k–e model is based on model transport equations for 
the turbulence kinetic energy (k) and its dissipation rate (e). This 
model takes into account to assumptions. One, flow is turbulent, 
and secondly, there is negligible molecular viscosity. The kinetic 
energy for turbulent flow “k”, and dissipation rate is (Ɛ) is given 
by equation:

One important equation for analysis fluid flow for phase change 
is transport equation. This equation is responsible for analyzing 
flow of water vapors in the air, and is represented by the following 
equation:

Where, 
2H OS  is the water vapor added to the air due to evaporation, 

While, 
2H OD  is diffusion coeff of water vapor into air.

B. HVAC Equations
Equations involved for calculating load (tonnage) on building 
with FAHU in HAP software are:

   * *Q U A T= ∆
Where Q is heat energy, U is heat transfer coefficient.  

( ) ( )     . .  /  1.085 *    –  Supply Air Flow CFM S H F Room DBT ADP=

Where CFM is air flow unit “cubic feet minute”, S.H sensible heat 
gain factor, D.B.T dry bulbtemperature, and A.D.P is apparatus 
dew point temperature.

. .   .  /  .S H F S H T H=
Where S.H is sensible heat, and T.H is total heat i.e. sensible 
plus latent.

( )   –   1 –  (   –  )tla tr BPF tr ADP=
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Where “ tla ” is the Dry bulb Temperature of the air leaving the 
coil, “ tr ” is room temperature, BPF is bypass factor.

/ *60CFM ACH VOLUME=
Where ACH is Air change per hour.

IV. Physical Environment

A. Sample Clinic
A sample clinic is constructed using Auto CAD 2015. All results 
obtained are for this clinic. It consist of eleven rooms. One 
operation theatre, six normal patient admit rooms, three toilets 
and remaining one is corridor. Each room, and its windows, walls, 
floor, roof and doors have been constructed according to Dubai 
Government standards [13]. Heat enters from all the sides of the 
clinic, through the walls, roofs, windows, and floor. Standard 
values like: outside temperature, indoor temperature, U values for 
walls, windows, glass, roof and floor has been taken from Dubai 
Government’s Resolution Act[14]. Size of the Clinic is 150𝒻𝓉 * 
56.11𝒻𝓉.  Shown in fig. 1.

Outdoor conditions:  D.B.T: 115℉, R.H: 75%
Indoor Conditions:    D.B.T: 75℉, R.H: 50%   

Fig. 1: Sample Medical Clinic

Fresh air Handling Unit is connected to this clinic. 

Fig. 2. Standard FAHU Unit

CATIA drawing of FAHU (fig. 2). This FAHU has two parts (fig. 
2).  Part one: which sucks outside air from the atmosphere to the 

heat exchanger. And second part in which outside treated air is 
mixed with indoor return air. Former process pre-cools the air 
and later process mixes both and dehumidify the mixture. Wind 
tower is placed on the roof, outlet of wind tower is connected 
with inlet of FAHU. This means outlet air temperature for wind 
tower is inlet air temperature. After passing through FAHU air at 
16 degree Celsius and Relative humidity of approx. 50 percent 
is passed in all the rooms of clinic.  

B. Heat Load Calculations
Heat load calculation determines total amount of heat entering in 
the building, in other terms, it can also be written as, total amount 
of heat to be countered, for cooling the building. Main factors that 
drives the heat entering rate is heat transfer coefficient. More the 
heat transfer coefficient more heat enters the area. It is denoted 
by “U”. U value from architectural standards generally lie from 
0.1 to 0.5 2/W m K. For heat load calculations in this research U 
value is taken as 0.13. Window shades, infiltration rate, and shade 
on outer walls has been neglected to get peak results. Heat load 
calculations has been done using Hourly Analysis Program 4.31. 
Refer to fig. 3. Hourly profile, that represents amount of hours 
work is performed, is taken 100% for each day. This assumption 
is also made for getting peak value. Ballast factor is taken as 1.2, 
this means clinic is fitted withfluorescent lights. Occupancy of 
people per patient room is 3. And for operation theatre its 5. Total 
number of people in clinic at any given number of time is taken 
as 31. More the number of people more is the latent and sensible 
heat in the area. 

Fig. 3: Hourly Profile of Lighting System in Building

One major formula for determining amount of heat entering a 
building is:
Q = U*A*ΔT
Where Q is Amount of heat to be removed, A is the experimental 
area and, ΔT is difference in temperature.
Heat load calculations for clinic are shown in Table 1:
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Table 1: Total Heat Load Calculations
Window & Skylight Solar 
Loads 237 ft² 1061 -

Wall Transmission 3385 ft² 21597 -
Roof Transmission 7784 ft² 122273 -
Window Transmission 237 ft² 4998 -
Skylight Transmission 0 ft² 0 -
Door Loads 0 ft² 0 -
Floor Transmission 0 ft² 0 -
Partitions 0 ft² 0 -
Ceiling 0 ft² 0 -
Overhead Lighting 7005 W 23901 -
Task Lighting 0 W 0 -
Electric Equipment 3892 W 13278 -
People 39 9442 14415
Infiltration - 0 0
Miscellaneous - 0 0
Safety Factor 10% / 5% 19655 721
>> Total Load - 216204 15136

 
Total CFM air required for the clinic can be calculated from above 
heat load calculations using formula:

( ) ( )     . .  /  1.085 *    –  Supply Air Flow CFM S H F Room DBT ADP=
Total CFM of clinic from the above formula is: 20,519. 

C. Wind Tower Model and Heat Pipes
Wind tower has been designed in CATIA V-5. Wind tower length 
is 10ft. And width of wind tower is 30 inch. Opening height of 
wind tower windward and leeward side is 20 cm. CATIA model 
of designed wind tower is shown in fig. 4.                                     

Fig. 4: Wind Tower Design

In fig. 4 and fig. 5 orange pipes represent heat pipes. Diameter of 
heat pipe is 30 mm and length is 50 cm. Material of construction 
of Heat Pipe is taken as Copper for excellent heat transfer between 
air and refrigerant, in fluid model. This is further briefed under 
CFD topic. 

Fig. 5: Schematic of Wind Tower upper Zone with Vanes and 
Heat pipes.

Vents are placed at 35 degree with respect to horizontal surface. 
Vent construction material is aluminum for cheap and light weight 
construction.

V. Computational Fluid Dynamic Domain

A. Meshing
Humidity of air increases when it passes through first set of heat 
pipes to second set because, when air strikes the cold surface of 
heat exchanger, it condenses and its density increases to small 
extent. Wind tower construction consist of two layers outer layer is 
made of Concrete and inner surface is constructed with aluminum. 
Concrete surface acts as insulation and lets small amount of heat 
to enter inside. Aluminum enhances heat transfer and provides 
structural strength at low cost and less weight. Analysis on wind 
tower has been performed using finite element method. Meshing of 
wind-tower has been using Ansys v14.5. Meshing plays important 
role in precision of result. For highly precise results, meshing also 
has to be precise. Increment in meshing nodes doesn’t mean, high 
precision of results. For optimized and perfect results, number 
of meshing elements and size of meshing elements has to be set 
at balanced point. Hexagonal meshing elements are being used 
[15]. After many trial and error methods, optimized number of 
meshing elements were selected. Number of meshing elements 
thus selected are 450,000. 

Fig. 6: Representation of Louver Meshing

From the fig. 6. It can be seen that meshing near the vanes and 
the heat pipes is smaller and precise compared to other parts 
of the wind tower. This is because, area surrounding heat pipes 
determine the amount of cooling of air, and vanes are focused on 
extracting wind from surrounding that help in reducing turbulence 
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in the wind and also increases velocity of  the wind entering in 
windward side of wind tower. 

B. Boundary Conditions
Temperature of air entering into the wind tower is set to 321 K 
(47 degree Celsius). Air flows perpendicular to the plane of heat 
pipes. I.e. it hits the heat pipe surface at 321 K, axially. There 
are12 heat pipes. 6 placed in the upper part (before the turn) of 
the wind tower, remaining 6 placed after turn. Air entering other 
6 heat pipes is cooled and around 2% humid than the air passing 
through former 6 heat pipes. Dampers are not being placed to 
control the direction of air flow and its turbulence. Heat pipes are 
maintained constantly at 293 K. In practical application part of 
energy required to maintain heat pipes at this temperature can be 
derived from solar panels that are placed on the outer surface of 
wind tower itself and on the roof of the building by maintaining 
cold sink in its vicinity. Table 2 shows the boundary conditions 
applied to simulate the results.

Table 2: Boundary Conditions
Property Value
Geometry Solid
Viscous model K-Ɛ (2eqn.)
Multiphase model Eulerian Implicit
Solution type Pressure Based
Wind tower Material Aluminum
Pressure Outlet Atmospheric
External Temperature 321K
Heat pipe wall 
temperature 293K

Heat pipe Material Copper
Intel air R.H 75%
Inlet Air Temperature 321K
Heat Pipe Internal fluid Ethanol
Density of Ethanol: 
Liquid:
Gas:

790
0.22

Dynamic Viscosity of 
ethanol:
1) liquid
2) gas

1.7E-04
8.8E-06

Surface tension of ethanol 0.025
Latent heat of ethanol 8.9E+05
Inlet velocity of air in 
Wind Tower 4 m/s

Copper is selected as heat pipe material instead of aluminum, as 
thermal conductivity of copper is more than thermal conductivity 
of aluminum. Latent heat and density of refrigerant present in 
heat pipes has to be very precise, because hot air transfers its 
heat energy to heat pipe refrigerant. This energy exchange causes 
change in state of refrigerant from liquid to gas. To consider this 
change in state of fluid, multiphase equation has been added to 
in ansys software. 

VI. Results
Results obtained show the effect of wind tower fitted with heat 
pipes on FAHU system is very good for the building. This design 
has led to reduction in tonnage of air-conditioning system and 
power consumption.

Fig. 7: Temperature Contour Lines Along the Cross-Section

Fig. 8: Graphical Illustration of Temperature Gradient Along the 
of Wind Tower

From the fig. 7. and fig. 8 it can be inferred that, the temperature 
of air passing through the wind tower and entering FAHU unit 
decreases from 321K to 313K. Even after passing air through 
FAHU unit at 8K lower temperature, efficiency of heat exchanger 
system in FAHU remains same [16], which is around 55.2%, 
but, load on the cooling coil of FAHU decreases, i.e. amount of 
refrigerant to be pumped in cooling coil is reduced. This is due to 
the fact that, now the temperature of air striking cooling coil walls 
is 8K less, but heat absorption capacity of refrigerant flowing in the 
cooling coil remains same. With decrement in temperature of air, 
amount of heat to be absorbed by refrigerant also gets reduced.

Fig. 9: Graphical Representation of Results From Novel Heat 
Recovery System. (Pinar MertCuce et.al, 2015[16]).
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Using HAP (Hourly Analysis Program) before and after tonnage 
of air-conditioning system has been calculated (see fig 10). 

Fig. 10: Total Coil Load Before Adding Wind Tower

Fig. 11: Total Load on Coil After Addition of Wind Tower

Fig. 12. Graphical Representation of Reduction in Tonnage

Total load on the coil reduces from 39.6 to 31.2 tons. Represented 
in fig 10 and fig 11,12. This is approximately 21% reduction in 
total coil load. Decrement in power consumption due to reduction 
in load on coil is from 138.6KW to 109.2KW (1 ton = 3.5KW). 
So there is saving of 29.4KW after placing wind tower on roof top 
of the building.  This saving will be more for residential buildings 
and office buildings compared to medical buildings, as medical 
buildings are constructed with very low “U” value. Whereas, U 
value for other buildings is 30% to 80% high.

VII. Future Scope
There’s huge scope for optimizing this design. As this system 
doesn’t work on water evaporation system, designed wind tower is 
height independent [17]. Reduction in temperature is independent 
of height. Number of heat pipes, their position, distance between 
them and type of heat pipe offers huge scope for research. This 
system will lead to reduction in tonnage of air-conditioning system 
used in buildings. Also, air CFM to heat pipe size ratio can be found 
out for efficient performance of wind tower.De-humidification 
systems can be added for use in humid areas.

VIII. Conclusion
This research paper concludes that, using wind tower along with 
FAHU decreases the load on the cooling coil of the FAHU unit 
and thus reducing electricity demand. When using Wind Tower 
it’s also possible to completely discard AHU system from Air 
Conditioning system. But Research has yet to be done for efficient 
and viable wind tower that can replace AHU system. Wind tower 
was constructed and designed in CATIA V 5. After that a fluid 
model of the system was created for analyses. Cylindrical heat 
pipes were installed in wind tower, as they are efficient and only 
increases relative humidity by 2%. Only temperature output is 
analyzed in this research. As temperature variation is the only main 
factor in determining load on air-conditioning system cooling coil.  
Temperature reduction of air in the wind tower has been observed 
from 321 K to 313 K. As air now enters FAHU at 313K instead of 
entering at 321K this reduction in temperature reduces the load 
on air-conditioning system by 21%. Results shows power saving 
of 29.4KW for 39.1 ton of coil. This in turn affects the use of 
fossil fuels and other types of non-renewable energy sources, by 
decreasing dependence on them. Wind tower-FAHU hybrid system 
(using heat pipes with ethanol as refrigerant), doesn’t require 
water, increasing sustainability of the system in hot climates 
where water is scarce [18]. Thus, this system is sustainable and 
economical for the use in near future.
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Nomenclature
mS1. = Mass added from continuous phase

ρ= Density of fluid 2. 
μ = Fluid viscosity3. 
t = Time period 4. 
ζ = Torque on the fluid system5. 

kG6. = Turbulence kinetic energy generation coefficient
Ɛ = Effectiveness of heat exchanger7. 
U = velocity8. 
m = Mass flow rate9. 

10. = turbulent Prandtl number for the turbulence kinetic 
energy

11.   = turbulent Prandtl number for energy dissipation rate
k = Turbulence kinetic energy 12. 

pqS13. = Phase Source term

p

q

h
h

14. = Phase specific enthalpy

tla15.  = Dry Bulb temperature of room.
tr16.    = Room Temperature.
U      = Heat Transfer Coefficient.17. 

Rahul Dahiya: Undergraduate fourth 
year mechanical engineering student at 
BITS PILANI, DUBAI. He is motivated 
towards solving energy issues faced by 
world today. Have sound knowledge of 
computational fluid dynamics, nuclear 
physics and HVAC. Has completed 
projects related analysis of carbon 
nanotube reinforced airplane wing 
and wind turbine. As leisure activities 
he enjoys outdoor sports like football, 

swimming and music.

Dr. C. Periasamy: Mechanical 
engineering professor at BITS 
PILANI, DUBAI. He earned his Ph.D 
in Department of Mechanical and 
Aerospace Engineering, from Case 
Western Reserve University, Ohio, 
U.S.A., has dedicated his life for 
guiding students and making them 
skillful, so that they can be useful to 
society. His research interest include 

CFD, heat and mass transfer, renewable energy. He is peer 
reviewer of Journal of International Measurement Confederation. 
He is member of Aeronautical Society of India, Indian society of 
technical education, Indian society for heat and mass transfer and 
Indian Welding Society.

Baalaganpathy Manohar: Undergraduate 
fourth year mechanical engineering 
student at BITS PILANI, DUBAI. 
Has published two papers on CFD 
simulation on single screw extruders 
in cable industries and The effect of 
thermal barrier coating on Thermal 
stress and Temperature distribution in 
a Diesel engine piston for magnesia/
yttrium partially stabilized Zirconia.


