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Abstract 

Most of the Indian household and schools are naturally 

ventilated and dependent on the outdoor air and ceiling 

fan for achieving thermal comfort. In the composite and 

hot climate, where temperature reaches to 42 to 45ºC, 

the induced air through windows does not achieve 

thermal comfort. The velocity of induced air can be 

enhanced through introduction of venturi tubes. In this 

study CFD analysis is performed for different geometric 

parameters of venturi to identify the relation between 

diameter ratio and enhanced average indoor air velocity. 

This is concluded that by introducing venturi of diameter 

ratio (R0 = D1(Outer dia)/D2(Inner dia)) of 4, the required 

indoor air velocity to meet the thermal comfort in 

composite climate of India in peak summer month is 

met. Upto 216% increment (from 0.3 m/s to 0.99 m/s) in 

indoor air velocity is noticed by introducing venturi 

tubes as compared to normal windows without them. 

Introduction 

Natural ventilation through operable windows is a 

common practice all over the world especially in tropic 

climes of India. However, this is highly dependent on 

outdoor air velocity. Thermal comfort has traditionally 

been achieved by reducing the heat gain in a building 

and increasing the indoor air velocity. The induction of 

the air in the naturally ventilated space can be 

significantly increased through venturi tubes deployed 

on the windward side of an exterior wall of any occupied 

space. Due to its shape, the venturi tube creates low 

pressure at outlet point and increases the air velocity. 

Several studies have been conducted to optimize the 

natural ventilation in a building through improved 

building façade. Various wind driven techniques (e.g. 

natural ventilation, atria & courtyards, chimney/ exhaust, 

wind towers, wind catchers etc.) are categorized and 

discussed in details by Khan et al. (2008). 

Wang et al. (2011) through experimental setup studied 

the relation between turbulence intensity of wind and 

dissatisfaction of occupants and found that together with 

15% turbulence and 0.6 m/s of air velocity, more than 

30% subjects were dissatisfied. However, the referenced 

study (Wang et al. 2011) was conducted at a constant 

room temperature of 24.5 ºC. Not much literature is 

available to setup direct relationship between air velocity 

and discomfort due to increase in draft for a natural 

ventilated space in composite climate. Centre for 

Advanced Research in Building Science and Energy 

(CARBSE) at CEPT University derives the 90% 

acceptability of air temperature range for each month 

through its India Model for Adaptive thermal Comfort 

(IMAC) (2014). For Delhi, in peak summer (June) the 

upper limit of 90% acceptability of air temperature is 

32.97ºC. Dhaka et al. (2015) determined that occupants 

are more adaptive in warm climate conditions and feel 

thermally comfortable at higher temperature with higher 

air velocity. Study carried out by Kumar et al. (2016) in 

the area of natural ventilation in composite climates of 

India concludes that a higher velocity of air will 

positively enhance the thermal comfort via adaptive 

model acceptability criteria. It concludes that, space 

having indoor air temperature up to 34.5°C, Clothing 0-

1.2, activity 1-1.2 & RH 20%-80% in composite climate, 

the indoor air velocity required for achieving thermal 

comfort is 1m/s. 

Yeong et al. (2017) in his experimental study on venturi-

type natural ventilator concludes that ventilation rate 

linearly increases with the wind velocity. The study also 

derives equation for calculating the ventilation rate by 

varying the area of vent over area of inlet. 

The Bureau of Indian Standard’s National Building Code 

of India (2016), elaborates that for natural ventilation, 

windows can be oriented up to 30º perpendicular to the 

prevailing outdoor wind without compromising on 

amount of wind induction. The sill level of window 

should be 85% of the critical height. Maximum airflow 

per unit area of openings can be obtained by using inlet 

and outlet openings of nearly equal areas at the same 

level. The maximum average indoor wind velocity i.e. 

30% to 40% of outdoor wind velocity can be achieved 

through an overall operable area (inlet and outlet) of 

20% to 30% of floor area. In short, the window inlet and 

outlet areas should be no less than 20% of the floor area 

of the room served, distributed equally on the windward 

and leeward sides. 

In this study, enhancement of thermal comfort of the 

naturally ventilated space by increasing the indoor air 

velocity of room through natural means with 

introduction of venturi tubes at outer envelope of an 

occupied space is carried out. CFD analysis is performed 

to evaluate the relationship between increase in air 

velocity at different location of a space and geometry of 

venturi tubes. The study also determines whether the 

thermal comfort can be achieved by increasing the 
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indoor air velocity through natural means with respect to 

the prevalent adaptive comfort criteria for the climate. 

This may eliminate the need for mechanical ventilation 

or reduce the dependency on it. At the least it will reduce 

the number of ceiling fans in a space to attain the desired 

air velocity for approaching thermally comfortable 

environment. Further, a design solution is discussed for 

possible practical application of venturi tubes. 

This study is especially useful for enhancing the thermal 

comfort through natural ventilation in schools and even 

residential buildings located in composite climates. 

Methodology 

This study is carried out to determine the impact of 

increased air velocity on thermal comfort through 

introduction of venturi tubes in composite climate of 

India. 

Approach 

The Bernoulli equation gives the velocity of air at outlet 

diameter of venturi if inlet velocity and different losses 

are known. To further analyse the air velocity at 

different locations in a room, CFD analysis was 

determined to be performed early in the course of 

undertaking this study. CFD analysis is carried out using 

constant outdoor air velocity of 0.5 m/s and different 

outer to inner diameter ratio of venturi, i.e.  

R0. The impact of the different mean air velocities in the 

room, derived through CFD analysis is then analysed for 

thermal comfort. At the end of the study, a possible 

design solution for practical application is discussed. 

Indoor Comfort Parameters 

The mean outdoor air temperature (mid-day) of 

composite climate of India in summers defined in 

Bureau of Energy Efficiency’s Energy Conservation 

Building Code user guide (2009) of India varies from 

32ºC to 43ºC. Thermal comfort can be achieved until 

indoor air temperature of 32ºC and 34.5ºC at an air 

velocity of 0.2m/s and 1m/s respectively. For this study 

graph is created (Refer Figure 1) for regression model 

for indoor air temperature vs indoor air velocity as per 

the comfort bandwidth derived from the study of Kumar 

et al. (2016). The following derived regression equation 

is then used for correlating the impact of enhanced 

indoor air velocity which is a result of greater diameter 

ratio (Refer table 1).  

 

Figure 1: Adaptive thermal comfort temperature vs 

indoor air velocity-case adapted from Kumar et al(2016) 

The outdoor air velocity in this study is considered 

constant at 0.5m/s. 

Geometric Parameters 

In this study, the size of the room considered is 7m x 7m 

with 4m height (a typical classroom size for 25 students 

in India). For proper cross ventilation, 10% open area of 

the carpet area is considered on each windward and 

leeward exterior wall.   

 

Figure 2: Geometric parameter for base case 

 

Figure 3: Geometric parameter for case 7 

Table 1: Different geometric parameters for study 

Case 

Outer 

diameter of 

venturi, D1 

(mm) 

Inner 

diameter of 

venturi, D2 

(mm) 

Outer to inner 

diameter ratio of 

venturi, 

R0 = (D1/D2) 

Case 1 228.6 228.6 1 

Case 2 228.6 152.4 1.5 

Case 3 228.6 114.3 2 

Case 4 228.6 91.4 2.5 

Case 5 228.6 76.2 3 

Case 6 228.6 65.3 3.5 

Case 7 228.6 57.2 4 

 

The analyses are carried out for 8 different cases of 

opening provided in the windward direction. The base 

case has a simple open window/ vent on windward side 

and open vent on the leeward side of the exterior walls. 

For next seven cases the location and size of the vent in 

leeward side is kept same but on the windward side, 

venturi tubes of different outlet diameters are introduced. 

The sill height of lower venturi is 0.46m. A suitable sill 

height is selected to maximize the reach of the enhanced 

airflow at work plane. Since the total open area on the 

windward side has to be kept equal for all the cases to 

make a true comparison, the number of venturi tubes is 

selected to match the total inlet area to the operable 

window area of base case. Thus, the total number of 

y0 = -1.4598x2 + 4.8434x + 31.042 

R² = 0.9968 
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venturi tubes calculated is 120 i.e. 20 venturi tubes in 6 

rows.  The area of one venturi inlet is 0.041 m
2
. Total 

area of venturi inlet is 0.041 x 120 i.e. 4.92 m
2
. The area 

of open vent on leeward side is 5m x 1m i.e. 5m
2
, which 

is nearly equal to total venturi inlet area. Table 1 shows 

the different geometric parameters considered for this 

analysis. Figure 2 & 3 shows dimensions of geometric 

parameter for base case and case 7 respectively. 

CFD Modelling 

Three-dimensional CFD simulation of indoor airflow of 

a room having venturi tubes for natural ventilation is 

conducted using Fluent® software (Fluent® 14.5). The 

three dimensional model of room is modelled in 

Autodesk Inventor 2016. The Autodesk Inventor® STEP 

file is imported in Fluent® 14.5. Through meshing, the 

whole domain is further divided into small cells with 

finite volume. The Reynolds average Navier-Stokes 

equation is solved for each cell within the tool. The 

RNG k- ε turbulence model is used for simulation. The 

RNG k- ε model is similar to the standard k- ε model but 

more accurate and reliable for a wider class of flows. 

The RNG k- ε turbulence model is derived from the 

instantaneous Navier-Stokes equations using rigorous 

statistical technique or renormalization group theory. 

The RNG k- ε semi-empirical model equation has 

constants different from those in the standard k- ε model. 

The simulation is performed in transient mode having 

time step of one second. The velocity is monitored at 

each time step to determine the pattern of indoor airflow. 

Boundary Condition 

The inlet of venturi on windward side is considered as 

inlet and the vent on another side as outlet. The wall of 

room and venturi surface is considered as wall of Fly ash 

material. The inlet of venturi is given a constant velocity 

inlet of 0.5 m/s. The outlet or vent on leeward side is 

given pressure outlet. The area of all venturi inlet is 

equal to the area of vent in all cases. the time step is 

considered as 1 second and simulation is performed for 

300 seconds (5 minutes). The 10 iteration is solved for 

each time step.  

Analysis Points 

The point monitor option is available in Fluent 14.5 tool, 

which helps in monitor the transient study. The point 

monitor provides an opportunity to record parameters 

such as velocity, pressure and temperature at each 

analysis point for every time step or iteration. In this 

study, the point monitor is used to monitor air velocity at 

each analysis point for 300 time step (1 second is 1 time 

step). The analysis points are selected in an order as 

shown in Figure 4. Three planes are selected at different 

height from bottom as 0.57m, 1.04m and 1.74 m.  

On each plane, velocity is monitored at 9 points for each 

time step. The points are selected at a regular and 

definite distance from each other. The x and y 

coordinates of these nine analyses points are same on 

each plane. The air velocity is also monitored at five 

venturi outlet points to determine its change due to outlet 

diameter of venturi. The coordinates of different analysis 

points are mentioned in Table 2 and Table 3. 

Table 2: Analysis points coordinate (m) at room. 

X Y Z1 Z2 Z3 

1 2 0.57 1.04 1.74 

3 2 0.57 1.04 1.74 

5 2 0.57 1.04 1.74 

2 4 0.57 1.04 1.74 

4 4 0.57 1.04 1.74 

6 4 0.57 1.04 1.74 

1 6 0.57 1.04 1.74 

3 6 0.57 1.04 1.74 

5 6 0.57 1.04 1.74 

 

Table 3: Analysis points coordinate (m) at venturi outlet. 

X Y Z 

1.39 0 0.57 

5.84 0 0.57 

1.39 0 1.74 

5.84 0 1.74 

3.5 0 1.04 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Air Velocity analysis points 

Results 

The indoor air velocity is analysed at venturi outlet and 

different locations in 3 horizontal planes in the room. 

In this figure, 3 D 

view of the room is 

shown. Here 

analysis points in 

all three plans (i.e. 

z1 = 572 mm, z2 = 

1040 mm and z3 = 

1740 mm) are 

marked with 

different colours. 

Top view of the room with coordinates of analysis points are shown in above figure. 

The analysis is carried out in 3 planes. In this view only x and y coordinates are shown. 

In the windward direction, venturi tubes are shown and in the Leeward direction vent is 

shown. One of the CFD simulations result is shown with this figure for more clarity. 
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The velocity at venturi outlet is compared with the 

theoretical value which is derived through continuity 

equation i.e. A1V1 = A2V2. The losses in the air velocity 

are considered negligible. The variation in the theoretical 

and simulated air velocity at venturi outlet is mentioned 

in Table 4 for 7 different cases (Refer Table 1) and the 

same is graphically shown in Figure 5. 

Table 4: variation in the theoretical and modelled Air 

velocity at venturi outlet (m/s) 

 
Theoretical CFD Result Variation 

Case1 0.50 0.50 -1% 

Case2 1.13 1.08 4% 

Case3 2.00 1.89 5% 

Case4 3.13 2.98 5% 

Case5 4.50 4.30 4% 

Case6 6.13 5.74 6% 

Case7 7.99 7.66 4% 

 

 

Figure 5: variation in theoretical & simulated air 

velocity  

Indoor air velocity at venturi outlet  

CFD Result is analysed at 5 points at venturi outlet (at 

four corners and centre). Then the average of all the 5 

points is calculated for all cases. Table 5 shows the 

average air velocity values and this is shown graphically 

in Figure 6. Since the analysis is carried out upto R0 = 4. 

For further values, trend line is plotted and from which 

the following equation is derived. 

 Y1 = 0.117x
2
 + 0.013 x (1) 

 

Figure 6: Average air velocity at venturi outlet (m/s) 

Table 5: Average air velocity at venturi outlet (m/s) 

Base 

case 

Case 

1 

Case 

2 

Case 

3 

Case 

4 

Case 

5 

Case 

6 

Case 

7 

0.30 0.50 1.08 1.89 2.98 4.30 5.74 7.66 

Indoor air velocity at different locations in the room  

The CFD analysis is performed at 27 points of 3 

different planes (Refer Table 2) for all cases (Refer 

Table 1). The average value of each plane is calculated 

for all cases, which is shown in Table 6. It is noticed that 

at plane 1 (which is very near to work plane height) is 

getting the average indoor air velocity close to 1 m/s. 

This shows an enhancement of 219% from base case. 

Similarly, the enhancement on plane 2 and plane 3 is 

76% and 159% from base case respectively. The trend 

line is plotted for values of all 3 planes from which the 

following equations are derived (Refer Figure 7): 

 Plane 1: y2 = 0.005x
2
 + 0.0683x + 0.1585 (2) 

 Plane 2: y3 = 0.0025x
2
 + 0.0321x + 0.3263 (3) 

 Plane 3: y4 = 0.0026x
2
 + 0.0138x + 0.1659 (4) 

Here, in equation (2), (3) and (4), ‘y’ is the air velocity 

(m/s) and ‘x’ is the case number i.e. 1, 2. 3, 4… (Refer 

Table1) 

To show the maximum, minimum, 1
st
 quartile, 3

rd
 

quartile and median air velocity values on plane 1, 2 and 

3, box plot graph is plotted. These values increase with 

diameter ratio as shown in Figure 8-10. In case of 

window the air velocity is higher as compared to case 1. 

Further the box plot graph is also plotted for average 

values of all 3 planes for each cases. The result for this is 

shown in Figure 11. 

Velocity contours at different planes for all cases are 

taken from the tool Ansys Fluent® 14.5 after simulation. 

The contours are shown for case 1 to case 7 along with 

base case for 3 different planes in Figure 12 to 35.  

 

 

Figure 7: Average air velocity at 3 different planes (m/s) 

Table 6: Average air velocity at different planes (m/s) 

Cases Plane 1 Plane 2 Plane 3 

Base Case 0.31 0.42 0.17 

Case1 0.22 0.30 0.24 

Case2 0.36 0.45 0.22 

Case3 0.54 0.54 0.26 

Case4 0.63 0.54 0.29 

Case5 0.80 0.62 0.34 

Case6 0.89 0.67 0.39 

Case7 0.99 0.74 0.44 
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Figure 8: Distribution of air velocity at planes 1 (m/s) 

 

Figure 9: Distribution of air velocity at planes 2 (m/s) 

 

Figure 10: Distribution of air velocity at planes 3 (m/s) 

 

Figure 11: Overall distribution of air velocity (m/s) 

 

Figure 12 Air velocity contour at plane 1, Base case 

 

Figure 13: Air velocity contour at plane 1, case 1 

 

Figure 14: Air velocity contour at plane 1, case 2 

 

Figure 15: Air velocity contour at plane 1, case 3 

 

Figure 16: Air velocity contour at plane 1, case 4 

 

Figure 17: Air velocity contour at plane 1, case 5 
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Figure 18: Air velocity contour at plane 1, case 6 

 

Figure 19: Air velocity contour at plane 1, case 7 

 

Figure 20: Air velocity contour at plane 2, base case 

 

Figure 21: Air velocity contour at plane 2, case 1 

 

Figure 22: Air velocity contour at plane 2, case 2 

 

Figure 23: Air velocity contour at plane 2, case 3 

 

Figure 24: Air velocity contour at plane 2, case 4 

 

Figure 25: Air velocity contour at plane 2, case 5 

 

Figure 26: Air velocity contour at plane 2, case 6 

 

Figure 27: Air velocity contour at plane 2, case 7 
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Figure 28: Air velocity contour at plane 3, base case 

 

Figure 29: Air velocity contour at plane 3, case 1 

 

Figure 30: Air velocity contour at plane 3, case 2 

 

Figure 31: Air velocity contour at plane 3, case 3 

 

Figure 32: Air velocity contour at plane 3, case 4 

 

Figure 33: Air velocity contour at plane 3, case 5 

 

Figure 34: Air velocity contour at plane 3, case 6 

 

Figure 35: Air velocity contour at plane 3, case 7 

Relation between thermal comfort temperature, 

average air velocity m/s (plane 1) and diameter ratio 

An average air velocity is derived at each plane 

separately but since the plane 1 is the closest to the work 

plane, it is considered for further analysis. The relation 

between air velocity and adaptive thermal comfort 

temperature as explained in the Figure 1 is further 

correlated with R0. These parameters are shown in 

equation (5) and (6) (Refer Figure 36, R0 on sec. axis).  

y5 = 1.4024x
2
 + 2.1399x + 0.4903  (5) 

y6 = -1.4598x
2
 + 4.8434x + 31.042  (6) 

 

Figure 36: Relation between thermal comfort 

temperature, average air velocity m/s (plane 1) & R0 
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Application and Design Solution  

The possible applications of ventilation through venturi 

are at classrooms of school, residential apartments, 

corridors and stairwells. It is a very common and old 

practice in India to use Jali for cross ventilation in 

corridors. This Jali structure can further be modified 

with some simple design solutions to enable them 

behave like a venturi. Some pictures of the Jali is shown 

in Figure 37 and some possible design solutions are 

shown in Figure 38. 

  
Source: S M Sehgal Foundation, Gurugram  Source: IIT Gandhinagar 

Figure 37: Jali used for cross ventilation  

  

 

 
Figure 38: Possible design solution through venturi 

shape. 

Conclusion 

The CFD analysis is carried out to get a relation between 

Thermal comfort temperature, Average indoor air 

velocity m/s (at plane 1) and Diameter Ratio of venturi 

R0. The study is carried out till R0 = 4 and further and 

equation is derived to get the results for next/ other R0 

values. The key conclusions are: 

1. On introduction of venturi tubes as compared to 

normal window, the average indoor air velocity is 

increased up to 7.66 m/s from 0.3 m/s at venturi 

outlet which is very high as compared to base case. 

2. It is noticed that in case 7 (R0=4) at plane 1 which is 

very near to work plane height attains the average 

indoor air velocity close to 1 m/s. This shows an 

enhancement of 219% from base case. Similarly, the 

enhancement on plane 2 and plane 3 is 76% and 

159% from base case respectively.  

3. The indoor airflow pattern from case 2 to case 7 is 

enhanced as compared to Base case. 

4. By introducing venturi of R0, the required indoor air 

velocity to meet the thermal comfort in composite 

climate of India in peak summer month is met. This 

can further eliminate the requirement of using ceiling 

fans for achieving the thermal comfort.  

The venturi can be created in the blocks itself that can be 

used for creating embedded venturi walls. This kind of 

structure is also possible for night ventilation. 
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