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A solid wall transonic wind tunnel was designed with optical access from three sides
to allow for flow visualization and other optical diagnostics. This design called for a wind
tunnel that could be easily interchanged with an existing supersonic wind tunnel connected
to a common settling chamber. The contour of the nozzle section was found using an
equation whichhas a first and second derivative equal to zero at the entrance and exit of the
nozzle. The Mach number of the test section was set by a choke block at the end of the test
section before the diffuser. The design allows for multiple choke blocks to be constructed to
produce a range of Mach numbers under Mach one. Three-dimensional CAD software was
used to model and test different configurations of the wind tunnel. The computer models
were used directly by a CNC mill to construct the system.

I. Introduction
Transonic wind tunnels traditionally are designed for speeds where the local Mach number on the tested model

exceeds Mach 1.0 and the free stream velocity is less then Mach 1.0. When the speed in the wind tunnel is below
Mach 1.0 the shocks formed by the specimen can cause problems such as reflected shocks from the wind tunnel
walls. To help with the reflected shock problem transonic wind tunnels are designed with porous walls that allow
the shocks to escape from the tunnel and not affect the flow behind the specimen. However the design of this
transonic wind tunnel has solid walls to satisfiesthe design requirements.

A wind tunnel for transonic speeds was designedfor three-dimensional flow visualization behind a hemisphere.
This hemisphere simulates a turret on an aircraft. The three-dimensional flow visualization will then be used to
study aero-optic distortion.

II. Design Requirements
The wind tunnel has several requirements some of which make it a non-traditional transonic wind tunnel and are

shown in Table 1.

Table 1. Design Requirements
Operate at transonic speeds
Optical access on three sides of the test section
Easily interchanged with a preexisting supersonic wind tunnel
Minimize cost and manufacturing difficulty

The first requirement was for a wind tunnel that was capable of operating at transonic speeds. This speed will result
in large density fluctuations simulating flight conditions on aircraft at cruise. The second requirement was for
optical access to the test section from three sides. The optical access allows for many different forms flow
visualization to be used such as Schlieren, PIV, and three-dimensional techniques. A Schlieren system requires
parallel light between two parabolic mirrors or lens to be past through the test section. Schlierenshows changes in
densities. PIV and three-dimensional techniques put a laser sheet in the flow and use cameras normal to the laser
sheet to record the flow. This wind tunnel requires the laser sheet to be transmitted into the flow from the bottom of
the test section aligned with the flow. A camera will be mounted to view in the sides of the test section normal to
the sheet and flow. The third requirement was for the wind tunnel to be easily interchanged with Auburn
University’s supersonic 4 x 4 inch blow down wind tunnel. This was done to cut costs.
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III. System Design
A. Initial Design

During the Summer of 2008 Auburn University’s supersonic wind tunnel was disassembled to investigate how
much of the system could be used. It was determined that nozzle and diffuser portion of the supersonic tunnel could
not be used, but the settling chamber and valve could be used.

Auburn University’s wind tunnel facility has a large air compressor that supplies pressurized 125 pound per
square inch and 675 cubic feet of air per minute to a 625 cubic foot storage tank that will operate the wind tunnel in
a blow down configuration. The storage system has a max storage pressure of 125 pounds per square inch. Using
this information the test section size was determined based on the run time that could be allowed. In Figure 1 a plot
of volumetric flow rate verse test section size is shown. In Figure 2 a plot of run time verse test section size is
shown for a storage tank of 625 cubic feet pressurized to 125 psi.

Figure 1. Volumetric flow rate for different sized test sections.
Figure 2. Run times for different sized test sections.

It was determined that test section size of 4 x 4 inch would be designed. This yielded a volumetric flow rate of
approximately 107 cubic feet of air per minute yielding a run time of 145 seconds.This size test section will allow
reasonable sized models to be tested and will make the flow easy to visualize.

B. System Overview
The wind tunnel consists of five basic parts. The first part of the design was the contraction nozzle section that

takes the high pressure low speed air from the settling chamber and converts it to low pressure high speed flow. The
second part that was designed was the test section where the object being analyzed will be placed and tested. The
choke block was the third part in the design. The choke block set the Mach number in the test section by changing
the area ratio at the end of the test section. The diffuser was the forth designed part, and it reduces the flow speed
and routes it out of the facility. The last part of the wind tunnel design was the stand. The stand allows for easy
alignment in the settling chamber and for easy movement of the wind tunnel to storage when it is not in use. The
CAD software Solid Edge was used to model all of the components for the wind tunnel. A CAD drawing of the full
transonic wind tunnel design except for the diffuser support is shown in Figure 3.
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Figure 3. CAD drawing wind tunnel.

C.Contraction Nozzle Design
The settling chamber that the supersonic tunnel was connected to was a 23.5 inchASME standard class 125 pipe

flange. This corresponds to the settling chamber having a pipe size of 16 inches. The challenge was to figure out
how to contract a 16 inch in diameter pipe to a 4 x 4 inch square test section. A duct was designed to convert the
round pipe flow to a square flow. This idea was borrowed from the supersonic tunnel that uses a round to square
duct in its contraction section. The duct has an inside diameter of 15.25 inches to a square with 10.5 inch inside
dimensions and is welded to the back of blind flange that is bolted to the settling chamber. The duct extends into the
settling chamber to where it meets the conditioning screens. A CAD drawing of the duct is shown in Figure 4.

Figure 4. Circle to square duct inside settling chamber.

The nozzle contour was then constructed using methods discussed by Bell and Mehta for low speed wind tunnels.
Even thoughBell and Mehta were only able to test their method on low speed wind tunnels the contour method was
still used for the design of the transonic wind tunnel1. This contour also fits the ‘design by eye’ criteria that are
discussed by many wind tunnel designers. The ‘design by eye’ method says that the middle portion of the contour
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does not matter as much as the beginning and end that must have very smooth radius in the transition to the flat
section2. The method by Bell and Mehta yields first and second derivatives at the inlet and outlet are equal to zero.
A simplified form of the equation is shown below in equations 1 and 23.

(1)

(2)

The contraction ratio of the nozzle was 6.89. A contraction length of 0.667 was found to cause separation and a
long contraction length of 1.79 was found to cause boundary layer growth to be large1. The contraction length was
set to 1.30. Equation 3 below was used for the formation of the nozzle contour, and it is shown in Figure 5.

(3)

Figure 5. Plot of Nozzle Contour.

Since the cross section of the nozzle was square a small radius was placed in the corners to reduce boundary layer
separation2. The nozzle consists of two sections for easy manufacturing and assembly. A CAD drawing of half of
the contraction nozzle is shown below in Figure 6.
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Figure 6. CAD drawing of the bottom of thecontraction nozzle.

D. Test Section Design
The test section cross section was determined in the initial design to have a cross section of 4 x 4 inch. The

length of the test section was arbitrarily chosen to be 12 inches to provide ample optical access inside the section.
The side windows are removable to allow access to the inside of the test section. These windows extend 0.5 inches
pass the top and bottom of the test section. This extension allows the windows to be easily aligned and held in place
by window clamps. The clamps tighten the windows down on o-ring cord and ensure that inside of the test section
is smooth. This avoided having a complex entrance to the test section. These windows are mainly used for high
speed cameras to see the flow and are manufactured from BK-7 Optical Glass and coated with AR-MgF2. The
supplier for the side windows was EscoProducts.

The third window was placed on the bottom so that a laser system could be mounted on a table below the tunnel.
The window is slightly smaller then the side windows. It had a viewing area of 11 inches by 3 inches. This window
is 1 inch thick and was stepped from a cross section of 12 inches by 3.5 inches to 11 inches by 3 inches at the middle
of the window. This step was also machined into the bottom of the test section. An o-ring cord was used as an air
seal and an alignment shim for window placement in the bottom of the test section. The window was held in place
by a window clamp like the side windows. The laser that Auburn’s Advance Laser Diagnostics Laboratory uses
produces 266 nanometer and 532 nanometer light. To ensure that the laser does not get distorted or loses energy as
it passes through the window it is made out of UV fused silica and BBAR multilayer coated on both sides. The
supplier for the bottom window was EscoProducts, and this window cost significantly more then the side
windows.A CAD drawing of test section is shown below in Figure7. 
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Figure 7. CAD drawing of the test section.

E. Choke Block Design
The choke block was designed to choke the flow after the test section by changing the area of the test section.

This choke block eliminates the need for a pressure regulator since the flow is tripped to Mach 1.0 and a shock is
formed. There is only one choke block in the test section to reduce complexity.By changing different choke blocks
the Mach number of the test section can be changed. Only one choke block was designed for the first test runs of
the wind tunnel. It was designed for Mach 0.8 flow in the test section which yielded an area ratio of 1.038. The
method used to construct the contour for the contraction nozzle was also used for the chock block. The choke block
designed for Mach 0.8 is shown below in Figure 8.

Figure 8. CAD drawing of the Mach 0.8 choke block.

F. Diffuser Design
The diffuser was designed with a 2 degree expansion on the top and bottom of it with the sides remained 4 inches

wide for approximately 8 feet. This was done to expand the air slowly and decrease complexity. Then the diffuser



7

was designed to transition to a round duct that will be connected to an existing roof vent. Below in Figure 8 is a
CAD drawing of diffuser.

Figure 9. CAD drawing of the diffuser.

G.Stand Design
A rolling stand for the wind tunnel was also designed. This same design was also placed on Auburn’s supersonic

wind tunnel. The stand was designed with four casters to allow for easy movement through the wind tunnel facility.
Screw lifts are incorporated into the design for adjusting the height of the wind tunnels. This eased the installation
since the stands could be adjusted easily and did not require any shims to get the wind tunnels at the correct height
for placement into the settling chamber. Figure 10 shows one of the constructed stands.

Figure 10. Wind tunnel stand picture.
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H. Material Selection and Equipment for Fabrication
The circle to square duct and blind flange are to be made from steel. This was done for ease of obtaining parts

and welding the two pieces together. The contraction nozzle, test section, and choke blocks are to be made from
aluminum to cut machining cost and speed fabrication time. The diffuser and stand will also be made from steel.

All of the parts except for the circle to square duct will be manufactured in house with a CNC machine. The
drawings that were rendered in the CAD software will be sent to a machinist and then downloaded to the CNC
machine. The CNC machine can hold a ±0.0001 inch tolerance.

IV. Future Work, Recent Status, and Conclusions
Future work on the wind tunnel includes finishing the fabrication of all of the individual parts, painting the tunnel

flat black, and assembling the tunnel. Several different choke blocks will be designed for a range of Mach numbers.
The addition of a 3800 cubic foot pressure tank for longer run times will be investigated.

Validating the tunnel will follow upon the completion of the assembly. This will include free stream turbulence
testing and boundary layer height in the test section. These will be tested with using PIV, hot wire anemometry,
static ports, pitot probes, and Schlieren.

The main parts for the transonic wind tunnel have be manufactured and assembly. The diffuser and the support
system for the diffuser need to be fabricated. Shown below in Figure 11 is a picture of the assembled main section
of the wind tunnel.

Figure 11. Current picture of transonic wind tunnel.

A blow down style transonic wind tunnel was designed in a non-traditional manner. The three walls of the test
section are designed for optical access. A choke block was used to set the Mach number of the test section. The
system was designed to be interchange with a preexisting supersonic wind tunnel.
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