
CFD Analysis Of De-Stratification Using 

High Volume Low Speed (HVLS) Fan



Objective Of The Case 

Study
❑ The primary objective of this case

study is to simulate the high volume

low speed (HVLS) industrial fans using

Multiple Reference Frame (MRF)

technique in ANSYS Fluent.

❑ The secondary objective is to simulate

the stratification of thermal layers in

the room and its de-stratification using

HVLS fan.

What is HVLS fan?
❑ It is a type of ceiling fan that moves

slowly and distributes large amount of

air at low rotational speed.

❑ It produces a column of air that moves

down and out along the floor (called

horizontal flow jet) until it meets a side

wall.

Stratified Thermal Layers In The 

Absence Of HVLS Fan 

De-Stratified Thermal Layer By 

HVLS Fan

❑ According to law of physics, warmer air rises to the ceiling and displaces the

cooler air, pushing it downward which naturally causes thermal stratification.

❑ Due to this thermal stratification, there is high gradient in temperature from

ceiling to the floor.

❑ The use of HVLS can equalize the room temperature by pushing down the

warmer air downward and mixing it with the cooler air.

DE-STRATIFICATION OF THERMAL LAYER BY HVLS FAN



❑ NACA 7415 airfoil shape was imported into ANSYS Design Modeler and the blades were modeled with an angle of attack of

14°.

❑ 5 Bladed HVLS fan was placed in a cylindrical shaped enclosure of diameter 15m and height 11m.

❑ The fan was located at a height of 9meters from the floor.

Geometry Details
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❑ Unstructured mesh was created in the rotating domain and structured mesh was created in the stationary domain.

❑ Non-conformal mesh was created between the rotating and stationary zones.

❑ Inflation layer (8 layers) was applied to the walls of fans.

Mesh Details

Number Of Nodes 7759688 Number Of Elements 13728550

Stationary Zone

Rotating Zone Inflation Layer 

On The Walls



Case Setup
❑ Realizable k-epsilon turbulence model was used with enhanced wall treatment.

❑ Energy equation was used for modeling heat flow.

❑ Second order upwind for discretization of all the equations and SIMPLE algorithm was used for the Pressure-Velocity coupling.

❑ Residuals for all the equations were taken below 10e-03.

❑ Rotational speed of 65RPM was given

to the rotating zone.

❑ The top, bottom and side walls of the

enclosure were set at 45°C, 30°C and

35°C.

❑ The simulation takes about 2192

iterations for the solution

convergence.



Results & Discussions (Temperature Contour)
❑ The temperature contour for the enclosure is shown below for the two scenarios.

❑ In the first scenario, the HVLS fan is kept stationary to see the temperature distribution due to difference in wall temperature.

❑ In the second scenario, the effect of rotating HVLS fan on temperature distribution is analyzed.

❑ It was found that the HVLS fan can de-stratified the thermal layer formed inside the enclosure.

HVLS Fan Stationary

Warmer air stays at the top and a gradient in the temperature

inside the enclosure can be clearly seen in the temperature

contour.

The air near the ceiling is at higher temperature as compared to

that at the bottom.

HVLS Fan Under Operation

As the HVLS fan starts rotating at a rotational speed of 65RPM,

the warmer air is pushed downward and its mixing with the

cooler air takes place.

Uniformity in the temperature distribution can be clearing seen

due to flow circulation generated by the HVLS fan.



Results & Discussions (Velocity Contour)
❑ The velocity contour inside the enclosure when the fan is operating at 65RPM is shown below.

❑ The HVLS fan pushes the column of air downwards.

❑ The air after hitting the floor moves horizontally outward along it (called as horizontal air jet).

❑ When this horizontal movement of air jet meets the vertical wall, it moves upward after hitting it.

Downward Motion Of 

Air

Horizontal Jet Of Air 

Along The Flow

Vertical Motion Of Air 

When It Meets 

Vertical Wall



Results & Discussions (Velocity & Temperature Contour)
❑ The velocity and temperature contour 2m above the floor is shown below.

❑ The radially outward movement of the air can be seen in the velocity contour.

❑ Also the uniformity in temperature distribution can be seen at that height.

Velocity Contour 2m Above The Floor Temperature Contour 2m Above The Floor



Conclusion

❑ In the present case study, industrial HVLS fan of diameter 8m was modeled in the ANSYS Design Modeler .

NACA 7415 was imported in DM for the airfoil shape of the fan blade and an angle of attack of 14° was used.

5 bladed HVLS fan was simulated in ANSYS Fluent.

❑ The concept of thermal stratification and de-stratification was explained and simulated.

❑ De-stratification of thermal layer set inside the heated room, by using HVLS fan, was simulated using MRF

technique in ANSYS Fluent solver..

❑ It was found that the HVLS fan can help to de-stratified the thermal layer as it moves the warmer air

downward and mixes it with colder air at the bottom. This helps to maintain the uniformity in temperature

distribution inside the room.


