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APPARATUS AND METHOD FOR SEEDING
A WIND TUNNEL

STATEMENT OF GOVERNMENT INTEREST

[0001] The invention described and claimed herein may be
manufactured and used by or for the Government of the
United States of America for all government purposes
without the payment of any royalty.

FIELD OF THE INVENTION

[0002] The present invention 1s directed to an apparatus
for seeding a wind tunnel, and more particularly to a
portable, low wattage, remotely controllable apparatus for
seeding a wind tunnel.

BACKGROUND OF THE INVENTION

[0003] Wind tunnels have been used for several decades to
study the effects of moving air on objects such as aircratt,
missiles, automobiles and buildings. A typical wind tunnel
has an air intake, a test section where the object under
consideration, or a model thereot, 1s staged and an exhaust.
The air may be recycled through the wind tunnel 1n a closed
loop or may be replenished.

[0004] The air moves relative to the test object so that
determinations and predictions can be made about the test
object’s lift and drag performance. For example, 11 the test
object 1s a wing of an aircrait, measurements as to air speed,
direction and pressure may be desired as the wing 1s exposed
to the airflow at diflerent angles. The test object may be
studied 1n a static position under steady state air flow,
dynamic conditions as the test object 1s moved through
pitch, roll and yaw sequences, dynamic conditions as mass
flow rate, air speed and air pressure are varied, as well as
combinations of all of the foregoing.

[0005] Test data may be collected through particle image
velocity (PIV) measurements, laser Doppler velocimetry,
ctc. But often analytical data are insuflicient to complete the
study. Data collection from the sensors may be too slow to
capture critical data points and raw numbers may not
provide a full picture of the test results.

[0006] Accordingly, wind tunnel fluid 1s often seeded with
small particles, such as a vapor cloud, somewhat visually
resembling smoke. The vapor cloud may be generated from
propylene glycol (PG), vegetable glycol (VG), etc. The
seeds provide a visual trace of the tlow patterns around the
test object. Vapor cloud seeding the fluid typically relies
upon a wind tunnel seeder juxtaposed with the inlet of the
wind tunnel. The vapor cloud generally fills and envelopes
the test object and may even {fill the entire test section of the
wind tunnel.

[0007] Commercially available seed generators often
operate at high pressures, up to 14 MPa, increasing both
power requirements and safety concerns. But this arrange-
ment 1s unsatistfactory 1f the wind tunnel seeder 1s too small
for the test section of the wind tunnel and further unsatis-
factory 11 one wishes to have more detailed study of only a
limited, specific portion of the test object. Furthermore, large
commercially available wind tunnel tracer flmd seeders can
be dithicult to adjust on the fly during a test and may require
test personnel to make adjustments 1n the vicinity of the
wind tunnel. The present invention seeks to overcome these
problems with known tracer tluid seeders for wind tunnels.

Feb. 16, 2023

BRIEF SUMMARY OF THE INVENTION

[0008] In one embodiment the invention comprises a
tracer fluid 1mjection system. The tracer fluid 1njection sys-
tem has a sub-ohm resistive heated vapor cloud generator for
generating vapor cloud when a vapor cloud generating liquid
1s disposed therein. The sub-ohm vapor cloud generator has
an 1nlet for recerving air from an air source, whereby air
entering the inlet may be entrained with a vapor cloud being
generated by the sub-ohm vapor cloud generator; and further
has an exhaust for controlled evacuation of vapor cloud from
the sub-ohm vapor cloud generator to a test section of a wind
tunnel.

[0009] In one particular embodiment the tracer fluid injec-
tion system may particularly comprise a vapor cloud gen-
crator for generating vapor cloud from a vapor cloud gen-
erating liquid. The wvapor cloud generator comprises a
chamber, the chamber has an air flow region and a reservoir
in fluid communication therewith, the reservoir 1s in oper-
able relationship with an electric powered sub-ohm heating
coil for vaporizing a vapor cloud generating liquid contain-
able within the reservoir 1nto tracer fluid, a wick for trans-
ferring the liquid from the reservoir to the air flow region,
the air flow region has an 1nlet for receiving air from an air
source, whereby air entering the inlet can be entrained with
a vapor cloud generated by the sub-ohm vapor cloud coil.
The air flow region has an exhaust in fluid communication
with the air flow region of the chamber and 1n flud com-
munication a test section of a wind tunnel for controlled
evacuation of vapor cloud from the sub-ohm generator to a
predetermined position of the test section.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 11s aschematic side elevational view of a first
embodiment of a tracer fluid injection system according to
the present invention, shown partially 1n cutaway, with the
direction of air tflow through the wind tunnel being generally
indicated by the arrows.

[0011] FIG. 2 15 a scale exploded view of the vapor cloud
generator of the tracer fluid 1njection system of FIG. 1.

[0012] FIG. 2A 1s a schematic top plan view of the inlet
ring shown 1n FIG. 2.

[0013] FIG. 3 1s a schematic side elevation view of a
variant embodiment of the tracer fluid mjection system
having a vaniable cross section exhaust with a nozzle.

[0014] FIG. 4 1s a schematic side elevational view of a
variant embodiment of a tracer fluid 1njection system, hav-
ing an exhaust with plural distributaries connected to the
wind tunnel, the distributaries having optional flexible tub-
ing.

[0015] FIG. 5 1s a schematic side elevational view of a
variant embodiment of the invention having plural tracer
fluid 1njection systems fed from a common air source, each
tracer fluid 1njection system having an exhaust, the exhausts
teeding mutually different locations of the test section.

[0016] FIG. 6A 1s a schematic side elevational view of a
variant embodiment of the mvention having a wind tunnel
with a subatmospheric test section and plural tracer tluid
systems with exhausts feeding mutually different location of
the test section.

[0017] FIG. 6B 1s a schematic side elevational view of a
variant embodiment of the mvention having plural tracer
fluid systems fed from a common air source, each tracer
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fluid 1mjection system having an exhaust, the exhausts feed-
ing mutually diflerent locations of the test section.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

[0018] Referring to FIG. 1, the invention comprises a
tracer tluid 1njection system 15 for use with a wind tunnel
10. The system 15 comprises a vapor cloud generator 20
having an inlet 21 and an exhaust 24. The fluid flow path
through the vapor cloud generator 20 comprises, 1n order, an
air source 16, the inlet 21, an air transport region 22 within
a chamber 23, the exhaust 24, and a test section 11 of a wind
tunnel 10.

[0019] Examining the components 1n more detail, the air
source 16 may comprise compressed air or sumply be
ambient, as further described below. If compressed air i1s
selected, the air source 16 may be a tank of compressed atir,
a direct connection to an air compressor, a feed from a plant
air line 32, or any suitable means for providing air at a
pressure greater than ambient and which has suflicient
differential pressure to propel the air from the source 16,
through the chamber 23, to the wind tunnel 10 in appropriate
quantities, velocities and pressures. Ambient air may be
supplied through any intake to the inlet 21 of the chamber
23. Except as may be specifically claimed herein, the air
source 16, wind tunnel 10 and test object 17 form no part of
the present imvention.

[0020] Referring to FIG. 2 and FIG. 2A and examining the
invention 1 more detail, the vapor cloud seeding generator
20 comprises an nlet 21, a chamber 23 for receiving a vapor
cloud generating liquid 50, a heating resistor for heating a
vapor cloud generating liquid 50, a power source for ener-
gizing the heating resistor and an exhaust 24. The chamber
23, 1n turn, comprises a reservoir 27 for recerving and
holding the vapor cloud generating liquid 50 and an air flow
region 1n fluid communication with the reservoir 27, the inlet
21 and the exhaust 24. The chamber 23 of the vapor cloud
generator 20 may be made of glass, stainless steel or any
other suitable material which can contain the liquid 50
without leakage and accommodate the restive heating as
discussed below.

[0021] The air from the air supply may be directed to and
communicate with the inlet 21 as described above. The inlet
21 may feed the air into an annular ring 30 which circum-
scribes the chamber 23 of the vapor cloud generator 20. The
annular ring 30 has an mner perimeter 301 and an outer
perimeter 30P opposed thereto. The mner perimeter 301 of
the annular ring 30 may have a plurality of circumiferentially
spaced ports 30S to equalize the air feed 1nto the chamber 23
of the vapor cloud generator 20. In a preferred embodiment,
the mner perimeter 301 of the annular ring 30 has a slot
circumscribing the chamber 23, to provide generally bal-
anced airtflow throughout the entire air transport region 22 of

the chamber 23.

[0022] A wick 26 may be provided to transport liquid 50
from the reservoir 27 to the air tlow region 22. The wick 26
controls transport rate through pore volume density, cross
section and surface energy. The wick 26 may be made of a
nonwoven, woven material or simple aggregated fibers. The
wick 26 material may be polyolefinic, Rayon, linen or
preferably cotton. A wicking rate of about 0.1 mL/sec to
about 1 ml/sec, and preferably about 0.3 mlL/sec to about
0.6 mL/sec has been found suitable. The wick 26 may range
from about 2 cm to about 6 cm and preferably about 3 cm
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to about 5 cm. The wetted portion of the wick 26 may expose
about 2 mL to about 6 mL of the vapor cloud generating
liquid 50 to the resistive heating element 25 at any point 1n
time.

[0023] The transport of the vapor cloud generating liquid
50 from the reservoir 27 to the air flow region 22 exposes a
small amount of the liquid 50 1n the air flow region 22 which
may be vaporized into the tracer fluid. By exposing only a
relatively small quantity of the vapor cloud generating liquid
50 to the vaporization process at a given moment 1n time, the
power for the heating requirement 1s reduced, and the tracer
fluid 1jection system 15 can be made smaller and more
portable. Alternatively and prophetically, the vapor cloud
generating liquid 50 could feed the resistive heating element
235 by gravity feed 1t it was desired to dispose the reservoir
2’7 above the resistive heating element 25.

[0024] A resistive heating element 25 1s juxtaposed with
the wick 26. The restive heating element 25 produces heat in
response to electricity supplied from a power source. The
restive heating element 25 may be made of a wire which has
high resistance to oxidation and good stability as to form, to
minimize changes 1n shape or position throughout the life of
the vapor cloud generator 20.

[0025] The resistive heating element 25 may comprise a
wire having a diameter of about 1 mm to about 4 mm. This
diameter provides a suitable combination of formability,
stability and conversion of electric energy to heat energy.
The wire should be suitable for temperatures at least about
1300° C. The wire may be made of a ferritic 1ron-chromium-
aluminium alloy (FeCrAl). A suitable alloy 1s sold by the
Sandvik Group under the name Kanthal® AF.

[0026] The resistive heating element 25 1s juxtaposed with
the wick 26, particularly the wetted portion thereot, to
vaporize a desired quantity of vapor cloud generating liquid
50. This juxtaposition provides a relatively high surface area
to be exposed to the wetted area of the wick 26. The resistive
heating element 25 may be formed 1n a sinusoidal geometry,
a series of parallel longitudinally oriented wires aligned with
the wick 26, a coil internal to a hollow wick 26 or preferably
a coil circumscribing the wick 26 1n order to provide the
necessary surface area to vaporize the vapor cloud generat-
ing liquid 50 in the wetted area of the wick 26.

[0027] The resistive heating element 25 may have a resis-
tance of less than 2 ohms and preferably less than 1 ohm to
minimize the power requirements. Particularly the resistive
heating element 25 may have a resistance of about 0.2 ohms
to about 0.5 ohms. In a particular embodiment, the resistive
heating element 25 may be switched between two or more
discrete resistance values to provide flexibility 1n the amount
of tracer tluid generated by the vapor cloud generator 20.
Resistance 1s measured throughout the entire length of the
wire disposed within the vapor cloud generator 20. If
desired, two or more resistive heating elements 25 may be
used, provided the size and form factor are complementary
with the wick 26, reservoir 27 and air flow region 22 of the
vapor cloud generator 20.

[0028] The power supply may be provided from a DC
battery or supplied by the AC mains. The power supply may
range Irom at least about 5 W, 10 W, 15, W, 20 W or 25 W
to not more than about 200 W, 150 W, 100 W, 75 W, 60 W
or 30 W. In a particularly suitable low power embodiment,
the power supply may range from about 8 W to about 16 W.
A DC battery power supply may provide at least 1600
mAhrs and at least a 10 sec firing time to the resistive
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heating element 25. Table 1 below shows one possible and
nonlimiting relationship between the available wattage and
the resistance of the resistive heating element 25.

TABLE 1
Resistance Power
Embodiment in Ohms in Watts
1 0.18 60-R0
2 0.20 50-60
3 0.30 35-45

[0029] The vapor cloud generating liquid 50 comprises
any suitable liquid 50 which can be volatilized in response
to heat from the resistive heating element 25, does not
unduly vaporize when the tracer fluid 1njection system 15 1s
not in use and provides a readily observable visible indictum
of the air flow relative to a test object 17 disposed in a test
section 11 of a wind tunnel 10 during testing. Suitable
liguids 50 include water, polyethylene glycol, vegetable
glycols, Di-Ethyl-Hexyl-Sebacat (DENS) and combinations
thereof. If desired, the vapor cloud generating liquid 50 may
be spiked with a dye to provide a color which contrasts with
the color of the test object 17.

[0030] Referring back to FIG. 1, the vapor from the vapor
cloud generating liquid 50 1s removed from the vapor cloud
generator 20, and particularly the flow transport region 22,
to the exhaust 24. The exhaust 24 comprises the entire
directed flow path from the outlet of the tlow transport
region 22 of the chamber 23 to the point where the vapor
cloud 51 enters the test section 11 of the wind tunnel 10.

[0031] Additionally, the flow of tracer fluid from the vapor
cloud generator 20 may be controlled by a microprocessor
operably connected with the power supply of the vapor
cloud generator 20. The controller 60 of the microprocessor
may be operated by a laptop or similar device operated 1n a
room remote from the wind tunnel 10. By removing the
operator from the area near the wind tunnel 10, safety is
clevated and the operator can concentrate on test parameters.

[0032] The controller 60 1s 1n communication with a
power supply so that the sub-ohm resistive heating element
25 can vaporize the vapor cloud generating liquid 50 1n
response to energy from the power supply. The controller 60
may be programmable or manually operated in response to
test conditions to vary the amount of power, duration of
power and pulse width of power supplied to the from the
power supply to the sub-ohm resistive heating element 25.

[0033] One of skill will recognize the vapor cloud gen-
erator 20 portion of the fluid tracer system 15 1s portable and
can be used with various wind tunnels 10, as desired. For
example, the vapor cloud generator 20, inlet 21 and exhaust
24 of the present invention may be used at a first position on
a test section 11 of a wind tunnel 10 for a first test and at a
second position, third position, etc. of the test section 11 for
subsequent tests. Further flexibility occurs when the vapor
cloud generator 20, inlet 21 and exhaust 24 may be used with
a first wind tunnel 10 for a first test and even used with an
entirely diflerent wind tunnels 10 for subsequent tests.

[0034] Also the fllud tracer system 15 of the present
invention provides for more focus of the tracer flmd 1n the
test section 11, to specifically target a region of the test
object 17 under study, without blanketing the entire test
object 17 1n tracer fluid and diluting or confounding the
visual observations during testing.
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[0035] The control the of the microprocessor may allow
the operator to select start/stop times of air supply to the
wind tunnel 10 intake, start stop times of air tlow 1nto the
wind tunnel 10, air flow volume to the inlet 21, air flow
volume to the wind tunnel 10 intake, test duration, power
level to the restive heater, etc.

[0036] Referring to FIG. 3, the exhaust 24 may comprise
a variable cross section for reduced tlow resistance until the
distal end of the exhaust 24 1s approached by the vapor cloud
51. The distal end of the exhaust 24 may comprise flexible
tubing 24F, as discussed below. The exhaust 24 may have a
cross sectional area of about 2 sq. mm to about 12 sq. mm,
preferably about 3 sq. mm to about 9 sq. mm and more
preferably about 5 sq. mm to about 8 sq. mm. If desired, the
exhaust 24 may taper to a nozzle 24N for more precise
placement within the test section 11 of the wind tunnel 10.
The embodiment provides the benefit of decoupling low
flow resistance between from vapor cloud generator 20 to
the wind tunnel 10 and precise placement of the nozzle 24N
at the test section 11.

[0037] Referring to FIG. 4, an alternative embodiment of
the fluid tracer system 15 according to the present invention
1s shown. This embodiment has a plurality of effective
exhausts 24 from the vapor cloud generator 20 to the test
section 11, with three exhausts 24 being shown in a non-
limiting embodiment. More particularly, this embodiment
has an exhaust 24 with a single manifold 24M from the
vapor cloud generator 20. A plurality of two, three, nor more
distributaries 24D are joined to the manifold 24M at respec-
tive proximal ends and communicate the vapor cloud 51
therethrough to the test section 11. The distal ends of the
distributaries 24D are joined to the test section 11 of the
wind tunnel 10 so that the vapor cloud 351 can be commu-

nicated from the vapor cloud generator 20 to the test object
17.

[0038] The exhaust 24 may comprise tlexible tubing 24F,
for convenience, portability and ease of placing the vapor
cloud generator 20 portion of the flmd tracer injection
system 15 1n various positions according to the test needs
and the particular wind tunnel 10 being used. The flexible
tubing 24F may preferably extend from the exhaust 24 of the
chamber 23 to the test section 11 of the wind tunnel 10. The
exhaust 24 may comprise TYGON® tubing 24F available

from Tour Saint-Gobain.

[0039] This embodiment retains the portability, satety and
flexibility benefits of the invention. This embodiment also
has the benefit of providing a focused tracer fluid to two,
three or more spaced apart positions of the test section 11
(which may be difficult to access with rigid tubing) and to
particular positions of the test object 17.

[0040] Referring to FIG. 5, if desired, the test object 17
may be tested with plural and mutually different colors of
tracer fluid. In this embodiment, plural vapor cloud genera-
tors 20 may be deployed 1n parallel, two being shown 1n a
nonlimiting embodiment. Each of the plural vapor cloud
generators 20 may be supplied from a common air source
16, such as a plant air line 32.

[0041] While a plurality of vapor cloud generators 20 each
having a dedicated exhaust 24 1s shown, the invention 1s not
so limited. If desired, plural vapor cloud generators 20 may
feed a single exhaust 24 to provide more flow volume than
achievable with a single vapor cloud generator 20.

[0042] In this embodiment, as well as the other embodi-
ments disclosed herein, a throttle valve 31 may be disposed
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between the air source 16 and the plurality of vapor cloud
generators 20. The throttle valve 31 may be used to regulate
the volume and pressure of the air flow 1nto the vapor cloud
generator 20. If plural vapor cloud generators 20 are
deployed, this arrangement provides for each of the vapor
cloud generators 20 to have the same tlow characteristics or
mutually different tlow characteristics. This embodiment
provides the benefit of allowing for specific tailoring of the
test to the particular test object 17 and experiment under
consideration.

[0043] By way of nonlimiting example, first vapor cloud
generator 20 may have the vapor cloud generating liquid 50
spiked with dye to urge the vapor cloud 51 towards a bright
white color 51W, while a second vapor cloud generator 20
may have the vapor cloud generating liquid 50 spiked with
dye to urge the vapor cloud 51 towards a bright dark grey
color 51G. This arrangement provides the benefit that for a
test object 17 having a complex geometry, the differently
colored vapor cloud 51 streams can be easily visually
discerned and test results more precisely understood.

[0044] Referring to FIG. 6 A, 1f desired, the vapor cloud 51
may be drawn 1nto the test section 11 of the wind tunnel 10
by a vacuum created due to the Bernoull1 flow of the air in
the wind tunnel 10. This arrangement eliminates the need for
a positive pressure air source 16 at the mlet 21, conserving
energy and providing a safer work environment. In such an
embodiment, one or more vapor cloud generators 20 may
supply a seeded vapor cloud 31 to the test section 11 of the
wind tunnel 10 with four vapor cloud generators 20 being
shown 1n a nonlimiting illustration.

[0045] In such an embodiment, the vapor cloud generators
20 need not have air supplied from a separate air source 16.
Instead, the test section 11 of the wind tunnel 10 may be at
a vacuum. That 1s, the test section 11 may have a pressure
p., which 1s less than atmospheric pressure p_, . In such an
embodiment the Bernoull effect of the wind tunnel 10 draws
the vapor cloud 51 from the vapor cloud generator 20,
through the exhaust 24 and into the test section 11. This
embodiment provides the benefit that transport of the vapor
cloud 51 occurs by operation of the wind tunnel 10 and does
not require a dedicated air source 16.

[0046] Referring to FIG. 6B, plural vapor generators 20
may provide unequal flows of the vapor cloud 51 to the test
section 11 of the wind tunnel 10. For example, vapor
generator 20 #1 may have an equal or greater flow rate than
vapor generator 20 #2, which 1n turn has an equal or greater
flow rate than vapor generator 20 #3 which in turn has an
equal or greater tlow rate than vapor generator 20 #4, etc.
Flow rate may be controlled by a dedicated throttle valve 31
in each exhaust 24 or by the output capacity of each vapor
generator 20. Likewise two or more vapor generators 20 of
this embodiment may have mutually different colors of
vapor clouds 51. This embodiment provides the benefit of
flexibility 1n decoupling volume and visual appearance of
vapor clouds 51 for complex wind tunnel 10 tests.

[0047] The invention 1s not limited by the specific descrip-
tion above. It 1s to be understood the disclosed ranges are
approximate and any upper limit of a range may be paired
with any lower limit of that same parameter. One of skill wall
understand various combinations and permutations of the
above embodiments are feasible and only limited by the
scope of the appended claims.
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1. A tracer flmid 1njection system comprising:

A sub-ohm resistive heated vapor cloud generator for
generating vapor cloud when a vapor cloud generating,
ligumid 1s disposed therein, the sub-ohm vapor cloud
generator having an inlet for receiving air from an air
source, whereby air entering the inlet may be entrained
with a vapor cloud being generated by the sub-ochm
vapor cloud generator; and having an exhaust for
controlled evacuation of the vapor cloud from the
sub-ohm generator to a test section of a wind tunnel.

2. A ftracer fluid 1mjection system according to claim 1
wherein the sub-ohm vapor cloud generator has a chamber
for generating vapor cloud therein and subsequent evacua-
tion through the exhaust, the chamber having a volume of 1
mlL to 10 mL.

3. A tracer fluid 1njection system according to claim 2
wherein the chamber has a volume of 2 mL to 6 mL.

4. A tracer fluid injection system according to claim 3
wherein the chamber has a generally cylindrical shape
defining a longitudinal axis, the chamber being i1n fluid
communication with the inlet and the exhaust, the inlet and
the exhaust being generally diametrically opposed relative to
the longitudinal axis.

5. A tracer fluid 1mjection system according to claim 1
wherein the exhaust has a flow area of 30 to 130 square
millimeters.

6. A tracer fluid 1njection system according to claim 1,
wherein the exhaust comprises flexible tubing, the flexible
tubing having a length between the chamber and the test
section of 1 meter to 4 meters.

7. A tracer flmd njection system for seeding a wind
tunnel, the system comprising:

a vapor cloud generator for generating a vapor cloud from

a vapor cloud generating liqud, the vapor cloud gen-
crator comprising a chamber, the chamber having an air
flow region and a reservoir in fluid communication
therewith, the reservoir being 1n operable relationship
with an electrically powered sub-ohm heating coil for
vaporizing a vapor cloud generating liquid, containable
within the reservoir into tracer fluid, a wick for trans-
ferring the liquid from the reservoir to the air flow
region, the air flow region having an inlet for receiving
air from an air source, whereby air entering the inlet
can be entrained with the vapor cloud generated by the
sub-ohm vapor cloud coil, the air flow region having an
exhaust 1n fluid communication with the air flow region
of the chamber and in fluild communication a test
section of a wind tunnel for controlled evacuation of
the vapor cloud from the sub-ochm generator to a
predetermined position of the test section.

8. A tracer fluid injection system according to claim 7
wherein the vapor cloud generator 1s disposed within a
housing, and the sub-ohm heating coil 1s powered by a
battery, the battery being disposed in the same housing.

9. A ftracer fluid 1njection system according to claim 7
wherein the ilet comprises an annular ring having an inner
perimeter and an outer perimeter opposed thereto, the inner
perimeter having an opening circumscribing the vapor cloud
generator for injecting air from the annular ring into the air
flow region of the chamber.

10. A tracer fluid 1njection system according to claim 7
further comprising a controller in communication with a
power supply, the sub-ohm coil heating the vapor cloud
generating liquid 1n response to energy from the power
supply, the controller being programmable to vary the
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amount of power, duration of power and pulse width of
power supplied to the from the power supply to the coil.

11. A tracer tfluid 1njection system according to claim 10
wherein the controller 1s remotely disposed from the test
section of the wind tunnel, whereby an operator can operate
the controller and not be in the same room as the wind tunnel
during operation.

12. A tracer fluid injection system according to claim 11
wherein the controller further has the capability to modulate
air flow from the air source to the inlet with respect to at least
one of air pressure, air mass tlow rate or air speed.

13. A tracer fluid 1njection system according to claim 10
comprising the first vapor cloud generator for generating a
first vapor cloud and further comprising a second vapor
cloud generator for generating a second vapor cloud when a
second vapor cloud generating liquid is disposed therein, the
second vapor cloud generator having an 1nlet for receiving
air from an air source, whereby air entering the inlet may be
entrained with vapor cloud being generated by the second
vapor cloud generator; and having an exhaust for controlled
evacuation of the second vapor cloud from the second vapor
cloud generator to the test section of the wind tunnel.

14. A tracer fluid injection system according to claim 13
wherein the first vapor cloud generator and the second vapor
cloud generator are charged with first and second respective
liquids, the first and second respective liquids generating
mutually different colors of vapor clouds during operation.

15. A tracer fluid 1njection system according to claim 14
wherein the first vapor cloud exhaust and the second vapor
cloud exhaust are directed to mutually different positions of
the test section.

16. A tracer fluid 1injection system according to claim 135
wherein the first vapor cloud generator and the second vapor
cloud generator have mutually mass tlow rates during opera-
tion and are directed to mutually different positions of a test
object disposed within the test section.
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17. A tracer fluid injection system according to claim 13
wherein during operation the air source 1s at a pressure
greater than the pressure of the chamber.

18. A tracer fluid injection system according to claim 13
wherein the air source 1s at ambient pressure the wind tunnel
configured to be at a pressure less than atmospheric during
operation, whereby air can be drawn from the ambient air
source to the inlet of the chamber, through the air flow
region of the chamber to the exhaust and to the wind tunnel.

19. A method of testing a test object in a wind tunnel, the
method comprising:

providing an air source in fluid communication with an

inlet of a vapor cloud generator having a chamber, the

chamber having a sub-ohm resistive heating element to
vaporize tluid from a reservoir;

delivering air from the air source to the inlet of the vapor
cloud chamber;

applying less than 200 W of power to the resistor whereby
the resistive heating element vaporizes a vapor cloud

generating liquid disposed 1n a reservoir ito a vapor
cloud, the reservoir being 1n fluid commumication with
the 1nlet and 1n fluild communication with an exhaust;

evacuating the vapor cloud from the chamber to the
exhaust;

directing the vapor cloud through the exhaust to an

operating wind tunnel; the operating wind tunnel hav-
ing a test section with a test object therein, the test

object being exposed to wind 1n the test section; and

injecting the vapor cloud from the exhaust to a predeter-
mined position juxtaposed with the test section.

20. A method according to claim 19 wherein the step of
applying power to the resistive heating element applies less
than 60 W of power.
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