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t571 ABSTRACT 
The nozzle diffuser has an inlet in fluid communication 
with the narrowed inlet of an open test chamber in a 
conventional wind tunnel. The nozzle diffuser has a 
passageway extending from its inlet to an outlet in com- 
munication with the open test section. The passageway 
has an internal cross-sectional area which increases 
from its inlet to its outlet and which may be defined by 
top and bottom isosceles trapezoid walls of a particular 
flare angle and by isosceles trapezoid side walls of a 
different flare angle. In addition, a collector having a 
decreasing internal cross-sectional area from inlet to 
outlet may be provided at the opposite end of the test 
chamber such that its outlet is in fluid communication 
with a diffuser located at this outlet. 

14 Claims, 5 Drawing Sheets 
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NOZZLE DIFFUSER FOR USE WITH AN OPEN 
TEST SECTION OF A WIND TUNNEL 

ORIGIN OF THE INVENTION 
The invention described herein was made in the per- 

formance of work under a NASA Contract. In accor- 
dance with 35 U.S.C. 202, the contractor elected not to 
retain title. 

BACKGROUND OF THE INVENTION 
1. Technical Field of the Invention 
The present invention relates generally to wind tun- 

nels and more particularly to a nozzle diffuser for use 
with the open test section of wind tunnels. 

2. Discussion of the Related Art 
A conventional wind tunnel operating with an open 

test section comprises a contracted tunnel section for 
supplying the air or other gas jet stream to the inlet end 
of the open test section. The contracted section, fre- 
quently called the contraction, is designed for accelerat- 
ing the gas or air before it enters the open test section. 
After traversing the length of the open test section, the 
flow is then directed toward a diffuser located at the 
exit end of the open test section. The purpose of the 
diffuser is to decelerate the flow and thereby increase its 
pressure by a process called recovery. 

The flow exiting from the contraction has a desired 
uniform profile and the resulting jet usually has a rect- 
angular or oval shape. As the flow traverses the open 
test section it tends to develop an outer shear layer 
which ultimately leads to non-uniformity involving a 
mixing process. While the outer layer mixes with the 
surroundings, the uniform portion of the jet, called the 
jet core, diminishes in size. By the time the flow enters 
the diffuser the flow is usually far from being uniform 
which causes a loss in the pressure recovery, necessitat- 
ing increased energy, e.g., fan power being needed to 
keep the flow moving. 

One proposed correction of this non-uniformity is to 
use tabs or other similar devices located at the perimeter 
of the contraction exit in an effort to break up and 
weaken the shear layer surrounding the emerging jet 
stream. However, these tabs also tend to reduce the 
effective size of the jet core, which is often undesirable. 

OBJECTS OF THE INVENTION 
It is accordingly an object of the present invention to 

increase the pressure recovery of the first diffuser lo- 
cated after the open test section in a wind tunnel. 

It is another object of the present invention to en- 
hance the flow distribution in the open test section. 

It is a further object of the present invention to re- 
duce the demand for fan power in a wind tunnel. 

It is yet another object of the present invention to 
achieve the foregoing objects while permitting simple, 
straight forward manufacture and installation of the 
necessary elements. 

Additional objects and advantages of the present 
invention are apparent from the specification and draw- 
ings which follow. 

SUMMARY OF THE INVENTION 
The foregoing and additional objects are obtained by 

a nozzle diffuser according to the present invention. 
The nozzle diffuser has an inlet in fluid communication 
with the narrowed inlet of an open test chamber in a 
conventional wind tunnel. The nozzle has a passageway 

extending from its inlet to an outlet which is in commu- 
nication with the open test section. The passageway has 
an internal cross-sectional area which increases from its 
inlet to its outlet and which may be defined by top and 

5 bottom isosceles trapezoid side walls of a particular 
flare angle and by isosceles trapezoid side walls of a 
different flare angle. In addition, a collector having a 
decreasing internal cross-sectional area from inlet to 
outlet may be provided at the opposite outlet end of the 

10 test chamber such that its outlet is in fluid communica- 
tion with a diffuser located at the test chamber outlet 
end. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic top view of a wind tunnel 

equipped with a nozzle diffuser and collector according 
to the present invention; 

FIG. 2 is an isometric view of a nozzle diffuser ac- 
cording to the present invention; 

FIG. 3a is a side view of a nozzle diffuser side wall 
having a single upper profile flare P N I ;  

FIG. 36 is a side view of a nozzle diffuser side wall 
having equal upper and lower profile flares / 3 ~ ;  

FIG. 4u is a side view of the collector having a single 

FIG. 46 is a side view of the collector having equal 

FIG. 5 is a plan view of the flow profiles generated 
3o by a nozzle diffuser according to the present invention; 

FIG. 6 is a graph showing the pressure recovery 
effect of various nozzle diffusers and other configura- 
tions in the diffuser; and 

FIG. 7 is a plan view of the flow profiles of various 
35 nozzle diffusers and of a test section with no nozzle 

I5 

2o 

25 upper profile flare p a ;  

upper and lower profile flares p a ;  

diffuser. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 1, a wind tunnel 10 is shown hav- 
ing a contracted feed section 12 having an inlet which is 
in communication with a motive section (not shown) 
supplying fan powered or otherwise powered air or 
other gas therethrough. A nozzle diffuser 14, discussed 

45 in greater detail below, is connected in a fluid tight 
manner to contraction 12 and extends into test chamber 
16 at a first inlet end of chamber 16. An open test section 
18 is defined within test chamber 16 between the termi- 
nal end 146, i.e., the outlet end of nozzle diffuser 14, and 

50 the inlet end 20a of a collector 20 located at the opposite 
outlet end of test chamber 16. A model (not shown) is 
normally located within open test section 18 for desired 
aerodynamic testing. Collector 20 narrows from inlet 
end 2Oa to outlet end 206 to direct and accelerate the 

55 medium to an outlet diffuser 22 located at the opposite 
end of test chamber 16. Outlet diffuser 22 directs the gas 
through a closed circuit of any known configuration 
including the motive section in communication with 
contraction 12. Diffuser 22 has an entrance having a 

60 cross-sectional area equal to that of the exit of contrac- 
tion 12, Le., the point which nozzle diffuser 14 joins 
contraction 12 at inlet end 14u. 

Referring now to FIG. 2, nozzle diffuser 14 is shown 
in greater detail. Nozzle diffuser 14 is basically a short 

65 duct having an open inlet end 14a and an open outlet 
end 14b. The duct flares open, Le., its internal cross-sec- 
tional area increases, from inlet end 14u to outlet end 
146 by the provision of top and bottom walls having a 
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necessary shape. As shown specifically in FIG. 2, op- closed test section. The remaining lines are for an open 
posing top and bottom walls 14c and 14d each have a test section. Specifically, the curved lines represent the 
slight flare of angle aNin the direction of airflow or gas diffuser pressure recovery of three nozzle diffusers hav- 
flow, indicated by arrow X, from inlet end 14u to outlet ing dual side wall flare angles Pm of approximately 
end 146 such that the top and bottom form identical 5 two, three and four degrees. As represented by the X 
isoceles trapezoids. Similarly, opposing side walls 14e axis, the a N  angle was varied between Zero and ten 
and 14f each have a slight flare of angle P ~ i n  the direc- degrees for each of the three diffusers. In all embodi- 
tion of airflow or other gas flow x from inlet end 1k to ments, a standard collector was used wherein a,-- 15" 
outlet end 14h Referring to FIG. % the top Portion of and 10" . Each nozzle diffuser configuration had a 
the side Walls can flare at angle PNI while the bottom 10 better pressure recovery than either an embodiment 
portion of both side walls is parallel to air or other gas a collector 22 wherein acz 150 and PCz 10" 
flow X. Alternatively, the top and bottom portions can and no nozzle diffuser, as represented by line B or a 
flare equally at angle Pm such that the side walls also standard embodiment with no collector or nozzle dif- 
form isosceles trapezoids, as shown in FIG. 3b. fuser, as represented by line C. The optimum pressure 

COlleCtOr 20 has a S h h  shape with top and bottom 15 recovery was achieved by a nozzle diffuser wherein 
walls having the shape of isosceles trapezoids that nar- aNz6' and pmz20 in conjunction with the above 
'Ow from test section l8 to diffuser 22. The top and defined collector. As before, a single flare side P N ~  wall 
bottom walls each have a flare angle designated acand embodiment could be used, where,, pNlz2pm. mS 
the side walls each have a flare angle designated Pc. As improved pressure recovery results in the driving fan of 

with 

respectively shown in FIG. and 46, collector 20 has 20 the motion section requiring less horsepower, thereby 

Referring to FIG. 7, the effects of a nozzle diffuser on 
the jet flow in an open test section at the entrance of 
collector 22 are shown. The flows plotted are generated 

section with a diffuser. A single side wall flare embodi- 
merit was used. The three nozzle dimensions are as 
follows: 

either a sing1e top portion PCl and bottom parallel Por- significantly reducing energy requirements. 
Or equal top and bottom flares forming an 

isosceles trapezoid. The collector flare embodiment 
diffuser flare embodi- be the Same as the 

merit so that the air flow profile shaped by the 25 from three nozzle and a standard open test diffuser is recovered by the collector. 
The optimum shape of the flow velocity profile trav- 

eling through the open test section 18 is very uniform 
such that the face of flow is nearly rectangular to corre- 
spond with the exit of the open- test section, e.g., the 30 TABLE 1 
flow profile approximates a closed test section wherein Nozzle Diffuser Desimation a r  8 hl 

I . .  
Ai 6.4' 7.1' an uniform rectangular tube extends from the con- 

tracted inlet section to the outlet diffuser. A theoretical A2 5.25' 6.1' 
optimum model results in very slight flow blockage of, A3 5.7" 6.5' 
e.g., approximately 3%, and a very desirable pressure 35 

only be approximated in actual wind tunnel applications 
by attempting to reduce the boundary layer shape and 
hence reducing the curvature of the velocity profile. 

recovery of, e.g., 70%. Such optimum conditions can Each nozzle diffuser embodiment has desirable 
profile than the conventional test section without a 
nozzle diffuser. As before, the collector used was di- 

The nozzle diffuser 14 was tested in the 1/60 scale, 40 that and Pcl=lO"' 
4 x 7 Wind Tunnel at NASA Langley Research Center The flaring Of the diffuser is a sig- 
h Hampton, This wind tunnel is similar to the tun- nificant mechanism in the improved results of the pres- 

difuser 14 results in a reduction in the curvature of the nozzle are sufficient to establish a guide for the jet flow 
velocity profile traveling from right to left in the open 45 passing therethrough. 
test section 18 toward collector 20 such that a more has a 
rectangular profile is formed. The profile is optimally generally shape and flaring How- 
rectangular with a boxed head end having an area ever, the nozzle diffuser can have any geometrical 
which approximates the area of the outlet diffuser 22. shape so long as the effective internal cross-sectional 
The particular nozzle tested had isoceles trapezoidal 50 area of the nozzle hmeases from the inlet end, con- 
top, bottom and walls % in FIG. 2 wherein aN-6" nected to the test section inlet, to the Outlet end Opening 
and Pmz2'. to the test section. Such a geometric shape causes the 

Similar effects are achieved by a single flare side wall gas emerging from the contracted section to be slightly 
embodiment and a dual flare side wall embodiment diffused and therefore the flow velocity in the open test 
when the single flare angle approximately equals the 55 section is slightly reduced but still of sufficient magni- 
sum of the two dual flare angles, i.e., P~lz2Pm. Thus, tude for the particular testing parmeters, e.g., a reduc- 
any experimental data for one embodiment is applicable tion for approximately 300 ft/sec in contracted section 
to the other embodiment by applying this relationship 12 to approximately 280 ft/sec upon exit from the noz- 
between the side flare angles. Accordingly, the results zle diffuser. This velocity decrease in turn causes an 
shown in FIG. 5 are approximated by a single side wall 60 increase in the flow width and a more uniform flow 
flare nozzle diffuser wherein a N = : e  and B ~ z = 4 ' .  In profile, thereby reducing blockage at the diffuser inlet 
this single side wall flare embodiment, the collector 20 near the test section outlet. Upon reaching the outlet 
would also have a single flare Pcl as in FIG. 46 which end of the open test section at the collector, the gas flow 
would approximately double the P a  in the dual flare is accelerated as it enters the first diffuser, e.g., back up 
embodiment. 65 to the initial velocity of approximately 300 ft. sec. This 

Turning now to FIG. 6, the effect of nozzle diffuser acceleration aids in improving the velocity distribution 
14 on the pressure recovery in diffuser 22 is shown. at the inlet, thereby further reducing blockage. The 
Line A represents the optimum pressure recovery for a invention accordingly improves the pressure recovery 

ne1 depicted in FIG. 1. As shown in FIG. 5, the nozzle ent invention. The length and height Of the diffuser 

The diffuser shown in the 
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in the first diffuser and reduces the energy requirement 
of the tunnel circuit. 

Many modifications, improvements, and substitutions 
will become apparent to one skilled in the art without 
departing from the spirit and scope of the present inven- 
tion as described herein and defined in the following 
claims. 

What is claimed is: 
1. In a wind tunnel comprising an open test chamber, 

a test chamber inlet having a defined internal area, and 
a test chamber outlet having a defined internal area 
approximately equal to that of the test chamber inlet, 
the improvement wherein a nozzle diffuser is provided 
at the test chamber inlet, said nozzle diffuser defining a 
passageway having an inlet which is in fluid communi- 
cation with said test chamber inlet and an outlet in fluid 
communication with test chamber, the passageway hav- 
ing an internal cross-sectional area which increases 
from the passageway inlet to the passageway outlet, 
wherein the internal cross-sectional area of the passage- 
way is sized to reduce a curvature of a velocity profile 
extending from the test inlet to the test chamber outlet 
to form a more rectangular velocity profile. 
2. The improvement according to claim 1, wherein 

the passageway of said nozzle diffuser has an oppositely 
located top and bottom wall and two oppositely located 
side walls, the top and bottom walls flaring outwardly 
from the inlet to the outlet at a predetermined angle, the 
two side walls flaring outwardly from the inlet to the 
outlet at another predetermined angle. 
3. The improvement according to claim 1, wherein 

the nozzle passageway comprises oppositely located top 
and bottom walls and two oppositely located side walls, 
the top and bottom walls each defining an isosceles 
trapezoid having a predetermined flare angle, the side 
walls each defining an isosceles trapezoid having an- 
other predetermined flare angle. 
4. The improvement according to claim.1, further 

comprising a collector provided at the test chamber 
outlet having an inlet in fluid communication with the 
test section outlet, said collector having an internal 
cross-sectional area which decreases from the collector 
inlet to the collector outlet. 

5. The improvement according to claim 4, wherein 
said collector comprises oppositely located top and 
bottom walls and two oppositely located side walls, the 
top and bottom walls each defining an isosceles trape- 
zoid having a predetermined flare angle, the side walls 
each defining an isosceles trapezoid having another 
predetermined flare angle. 

6. The improvement according to claim 4, wherein 
said collector comprises oppositely located top and 
bottom walls which each define an isosceles trapezoid 
having a predetermined flare angle and oppositely lo- 
cated side walls each which also have a top portion that 
flares at another predetermined angle. 

7. The improvement according to claim 4, wherein 

6 
8. The improvement according to claim 1, wherein 

the test chamber inlet narrows prior to said nozzle dif- 
fuser. 

9. The improvement according to claim 1, wherein 
5 the passageway comprises oppositely located top and 

bottom walls and two oppositely located side walls, the 
top and bottom walls each defining an isosceles trape- 
zoid having the same predetermined flare angle, and a 
top portion of each side wall flares at another predeter- 

10. The improvement according to claim 9, further 
comprising a collector provided at the test chamber 
outlet having an inlet in fluid communication with the 
test section outlet, said collector having an internal 

15 cross-sectional area which decreases from the collector 
inlet to the collector outlet. 
11. The improvement according to claim 10, wherein 

said collector comprises oppositely located top and 
bottom walls which each define an isosceles trapezoid 

20 having a predetermined flare angle and oppositely 10- 
cated side walls each which also have a top portion that 
flares at another predetermined angle. 
12. The improvement according to claim 1, wherein 

said nozzle diffuser inlet is connected to the test cham- 

13. In a wind tunnel comprising an open test cham- 
ber, a test chamber inlet, and a test chamber outlet, the 
improvement wherein a nozzle diffuser is provided at 
the test chamber inlet, said nozzle diffuser defining a 

30 passageway having an inlet which is in fluid communi- 
cation with said test chamber inlet and an outlet in fluid 
communication with test chamber, the passageway hav- 
ing an internal cross-sectional area which increases 
from the passageway inlet to the passageway outlet; and 

a collector provided at the test chamber outlet having 
an inlet in fluid communication with the test sec- 
tion outlet, said collector having an internal cross- 
sectional area which decreases from the collector 
inlet to the collector outlet, wherein said collector 
comprises oppositely located top and bottom walls 
and two oppositely located side walls, the top and 
bottom walls each defining an isosceles trapezoid 
having a predetermined flare angle, the side walls 
each defining an isosceles trapezoid having another 

14. In a wind tunnel comprising an open test cham- 
ber, a test chamber inlet, and a test chamber outlet, the 
improvement wherein a nozzle diffuser is provided at 
the test chamber inlet, said nozzle diffuser defining a 

H) passageway having an inlet which is in fluid communi- 
cation with said test chamber inlet and an outlet in fluid 
communication with test chamber, the passageway hav- 
ing an internal cross-sectional area which increases 
from the passageway inlet to the passageway outlet; and 

a collector provided at the test chamber outlet having 
an inlet in fluid communication with the test sec- 
tion outlet, said collector having an internal cross- 
sectional area which decreases from the collector 
inlet to the collector outlet. wherein said collector 

10 mined flare angle. 

25 ber inlet in a fluid tight manner. 

35 

40 

45 predetermined flare angle. 

55 

said collector comprises Oppositely located top and 60 
bottom walls and two oppositely located side walls, the 
top and bottom walls each defining an isosceles trape- 
zoid having a predetermined flare angle, the side walls 
each defining an isosceles trapezoid having another 
predetermined flare angle. 65 

comprises oppositely located top and bottom walls 
which each define an isosceles trapezoid having a 
predetermined flare angle and oppositely located 
side walls each which also have a top portion that 
flares at another predetermined angle. 

* I * * *  


