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The invention is a probe (10) for measuring changes in 
pressure in a high velocity fluid streams over and adja- 
cent the surface of an object. The probe (10) is formed 
of an exterior housing (11) having a closed pressure 
chamber (28) in which a piezo-electric pressure trans- 
ducer (32) is mounted. An open connector tube (26) 
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having a probe tip (29) pas& a portion of said fluid 
stream into the closed pressure chamber (2%). any [52] 

[58] Field of Serreh ................ 73/147, 861.65, 861.66, change Of pressure requiring a ‘‘settling-time” to 
appear in the closed pressure chamber (28) that is in- 
versely proportional to the cross-sectional area of the 

[561 References Cited connector tube (26). A cooling chamber (47) formed 
around the pressure chamber (28) is connected to a 
source of cooling fluid by means of inlet and outlet 
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PRESSURE MEASURING PROBE 

ORIGIN OF THE INVENTION 
The invention dcscnkd h e  was madc by an em- 

pad used by or for the Government for 
* ployec of the united states Govanmcnt and may be 

govcrmamul pwpo3cs witfiout the payment of any 
royalties thaeon or therefor- 

1. F i i  of the Invention 
Th invention miate to plwimue lnaimiq proas 

ad more pmicdady to coded prrssprrd Proas for 
meaRuing changes in the prrsnve of high velocity fluid 
streams o v a  the surface of an object 

Pitot-prasurc proas for marspring change3 in the 
pressure in the shock layer around a model such as a 
M#C cone, airfoil or the like supported in super and 
hypasonicwindtuMdsarcgcnaallyknowu 

Typically, the hypasonic air stream is heated up to 
500' F. ad the tramiucers llsed to mcwTe changes in 
the actual or dynamic p n s u r r  m the d t i n g  shock 
layer on andabout the model s u r f r a  must be protected 
from the hostile tcmpaatnrrs encountered to avoid 
thamally induceder ronin the~t iugprawemea-  
snrmsentsaadposJibk~totheprobeand trms- 
d u c a s  

Toprotcctpgrinstspsh- . lerrsultstheprcs- 
sure tranadwxrs are atba thamrlly inspkted aad 
mounted in the proa or sppport strut as far 
removed from tfu pro& tip as possible or completely 
oubide of th test scctioa. Either rcmote trrrnsducQ 

-tube betmen the probe tip rad prrssurr trms- 

This illcram in tubing vohmwrcsults in an iucraMe 
of "smling-time"ofthe prrswmprok, settling tinaeis 
the time required for prasme ciuaga in the fluid 
strram to appear at the prasnnscnsing trmsdwer. As 
the probe tip k frcquentlymovedrelative to the model 
surf.ce to pcrmit the -t of change3 m the 
P-- * in the sllrocklayer on and around 
themodd" s d i q - t k "  is critically dated to the rate 
of relative m o v a w u  .ad kquency at which the mea- 
surcmmts can be taken. Thia must in turn mcet the 
opaating time limits of the wind tunnel in which the 
mesrnrrmmtsarcmade. 
To meet the trmnel opcratbg tiW limits by control- 

ling the ' ' s c t t l b g ~  gcaaalty resdts in an increa~s 
in the size ofthe probe tip which leads to interference 
errors in pressme made with such a 
probe. To avoid interfmnce errom it has becn found 
that the probe tip should be no larger than about thirty- 
percent (30%) of the boundary layer height in the flow 
around and OII the test model surface Typically the 
diameter of the smallest connector tubes in conven- 
tional pressure probes ranges from 0.02006. to 0.o6006 
inches. 

BACKGROUND OF THE INVENTION 
1 

2. Description of the Prior Art 

POSihtbg -t 8 rrktively 10ng Coo- 

docer. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

5 

10 

15 

u) 

25 

M 

35 

fluid stream over a test model in which a pressure XIIS- 
ing transducer is mounted in the probe and connected to 
its tip by a short tube substantially smaller in cross-xc- 
tional area than conventional connector tube of 0.020 
inches or mom in diameter. 

Still another object of the invention is to provide a 
probe for measuring pressure changes in a high veloc- 
ity, high tanperatwe nuid stream over the surface of a 
t a t  model including internal means for cooling a pres- 
sure sensing transducer in said pressure measuring 
P m k  
Yet anothcr object of the invention is to provide a 

probe for merrsuring changes of pressure in a high v c  
locity fluid stream including a pressure transducer 
~ ~ l l s  and a probe tip comaxed to said pressure trans- 
ducer by a -r tube, the cros+c&od area of 
said CwINCtor tube being inversely proportional to the 
time required for changes of pressure in said fluid 
stream to appear at said pressure transducer. 
The above and numerous other objects and advan- 

tages arc achieved by a pressure measuring probe in 
accordance with a preferred embodiment of the inven- 
tion which in general comprises a housing having a 
c l o d  chamber thtrein; transducer means for measur- 
ing pressure h g e s  in said fluid stream mounted in 
said closed cham&, an open connector tube including 
a probe tip for plssing a portion of said fluid stream into 
slid closed chamber, any c h g e  of pressure therein 
requiring a "settling-tim&' to appear in said closed 
chamber i n v e d y  p p o r t i c d  to the croos-sectional 
area of said COEL~~CC~OT tuk; and means in said housing 
for cooling said transducer mauu 

BRIEF DESCRWTION OF THE DRAWINGS 
The above a d  nuwrous other objects and advan- 

tages will become apparent from the following detailed 
description of a prrferred embodiment of the invention 
when r e d  in light of the appended drawing wherrin: 

40 FIG. 1. is a &e elevatioG view in p a d  section of 

FIG. 2 is a n d  view of themvention shownin FIG. 

FIG. 3. is a plan view of the invention shown in FIG. 

a p r c f d  embodiment of the inventioq 

1; and 
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BRIEF DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Refming to the drawings, FIGS. 1-3 illustrate a 
preferred embodiment of the invention as a fast re- 
Spo- - pitot-pressure probe 10 that has 
kcn successfully used to slwey the flow field about a 
2:l elliptical cone in a twenty inch (20-inch) Mach 6 

55 hypersonic wind tunnel in which the air stream is  
heated up to 500' F. prior to expanding it through a 
nozzle to avoid liquificiation of the nitrogen and oxygen 
in the fluid stream. 

. .  . 

The probe 10 is formed of an open endcd stainless 
60 steel cyliadrical exterior housing 11 which threadably 

receives a stainless steel support tube U of smaller di- 
ameter at one end 13 and a hollow nose cone 14 having 
a threaded and hollow shank 16 integrally formed 

1, 
1 

An object of the invention is to provide a probe for thereon in its Other end 17. The nose cone 14 and Shank 
measUring changes in the pnssurc of a hypersonic fluid 65 16 an formed of a machined h d a t h g  material capable 
stream over the surface of a test model. of Withstanding the temperatuns and pressures of fluid 

Another object is to provide aprobe for measuring streams in hypersonic wind tunnels and include a 
changes of pressure in a high velocity. high temperature straight, elongated slot 18 that opens into the interior of 
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the nose cone and shank and extends the length of the 
shank 16 and into the nose cone 14. 

A fust smaller, hollow, and similarly bullet-shaped 
inner stainless steel housing 19 also provided with an 
elongated slot 21 is fitted over a wedge shaped brass 
fairing 22 which is received in the slot 21 and soldered 
to a second inner hollow stainless steel bullet-shaped 
housing 23 from which the fairing 22 angularly de- 
pends. The slot 21 is sealed with solder when this assem- 
bly is completed. The slot 18 is sealed with a sealing 
compound capable of withstanding hypersonic wind 
tunnel operating conditions after the outer and inner 
bullet-shaped chamber assembly is positioned in the 
nosc cone 14 and shank 16 is threaded into the body 11. 
The leading edge 24 of the depending fairing 22 is 

formed as a knife edge to minimize resistance to the 
fluid or airstream in the tunnel into which it extends. A 
Connecting tube 26 formed of tube sections of graduated 
and di&hing sue from the top 27 where 5 enters a 
pressure sensing chamber 28 in the second inner hous- 
ing 23 to the tip 29 where it is slightly flattened and 
beveled, is soldered to the back or trailing edge of the 
fairing 22. The fairing 22 is provided with a foot 31 such 
that the flattened probe tip 29 of the connector tube 26 
extends forward and unattached of the fairing on a line 
parallel to the longitudinal axis of the body 11. 

A piezo-electric pressure transducer 32 supported 
and scalingly mounted in the pressure chamber 28 in the 
second inner housing 23 by means of a threaded COM~C- 
tion betwcen the shank 33 and inner housing, the face 34 
of a shoulder 36 butting against the end 37 of the inner 
housing 23. An electric circuit 38 for the pressure trans- 
ducer 32 which may be a Model 8530 A-50 piezo-elec- 
tric transducer made by Dynamic Instrumentation Di- 
vision of Endevco, 30700 Ranch Viejo Road, San Juan 
Capistrano, calif. 92675, is brought out through support 
tube 12. A lead 39 for a temperature sensing thermo- 
couple 41 mounted in the pressure chamber and a foul- 
ing circuit lead 42 attached to the end 37 of the inner 
housing 23 arc also brought out through the support 
tube 12. 

The thermocouple 41 is used to sense the temperature 
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40 within the D~*ISUT~ chamber 28 and warn of over heat- 
ing and its butput is used to compensate pressure trans- 
ducer output signals when the temperature of chamber 
28 exceeds a determined amount as may be required. 
The fouling circuit 42 which is connected indirectly to 
the probe tip 29 is provided to signal if the probe tip 29 
should contact the test model surface about which it is 
moved. 

A flat, circular collar 43 supports inlet and outlet 
tubes 44 and 46 respectively for passing a cooling fluid 
such as water into a cooling chamber 47 formed be- 
tween the second inner housing 23 and the surrounding 
first inner housing 19. The collar 43 containing the inlet 
and outlet tubes 44 and 46 slips over the leads 39 and 42 
and all are brought out through the support tube 12. 

In a preferred embodiment of the invention. the pres- 
sure transducer 32 may be mounted in the exterior hous- 
ing 11 approximately two and one-half (24) inches from 
the probe tip 29. With such a short connecting tube 26, 
the probe tip 29 can be greatly reduced in sue or cross- 
sectional area compared to the elongated tube required 
to connect the probe tip to a remote pressure transducer 
as in conventional pressure probes and still have a rela- 
tively short “settling-time” well within the operating 
limits of the wind tunnel in which used. 

For example, a 0.013-inch 0.d. -0.007 i.d. probe tip 29 
has been successfully used to eliminate probe interfer- 
ence while making flow-field surveys about an elliptical 
test cone in a Mach 6 wind tunnel. And it is believed 
even smaller off-the-shelf tubing (e.g.. 0.010 0.d. or 
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0.008 .o.d.) can be used in accordance with the inven- 
tion. 

Tests have also shown that the of cooling water as in 
this invention reduced the temperature at the pressure 
transducer from about 325’ F. to 103’ F. which temper- 
ature is low enough to avoid the otherwise possible 
higher temperature thermal effects on the accuracy of 
pressure measurements made with the transducer 32 
over a range of pressures. 

While a preferred embodiment of the invention has 
been described in detail, numerous changes and rnodifi- 
cations can be made within the principles of the inven- 
tion which are limited only by the following claims. 

What is claimed is: 
1. A probe for measuring pressure changes in a high 

velocity, high-temperature fluid stream comprising: 
an exterior housing having a closed pressure chamber 

therein; 
transducer means mounted in said closed pressure 

chamber for measuring pressure changes in said 
fluid stream; 

means in said exterior housing for cooling said trans- 
ducer means; and 

an open connector tube including a probe tip for 
passing a portion of said fluid stream into said 
closed pressure chamber, any change of pressure 
therein requiring a “settling-time” to appear in said 
closed chamber that is inversely proportional to 
the cross-sectional area of said connector tube. 

2. The invention as defined in claim 1 wherein said 
probe is used for measuring changes of pressure in a 
high velocity, high-temperature fluid stream over and 
around the surface of an object. 

3. The invention as defined in claim 1 wherein said 
transducer means is a pressure to current device. 

4. The invention as defined in claim 1 wherein said 
open connector is supported upon a fairing that depends 
from said housing. 

5. The invention as defined in claim 1 wherein said 
fairing includes a foot that extends substantially parallel 
with the longitudinal axis of said exterior housing, the 
tip of said connector tube being extended forwardly of 
&d foot. 

6. The invention as defined in claim 5 wherein the 
connector tube varies in cross-sectional area between 
said tip and said pressure chamber. 

7. The invention as defined in claim 6 wherein said tip 
is other than circular in its cross-sectional configilration. 

8. A probe for measuring pressure changes in a high 
velocity, high-temperature fluid stream comprising: 

an exterior housing; 
first and second inner housings within said exterior 

housing, said first inner housing forming a sealed 
cooling chamber around said second inner housing 
which forms said pressure chamber therein; 

inlet and outlet tubes for maintaining cooling fluid in 
said cooling chamber thereby cooling said trans- 
ducer means in said pressure chamber; 

transducer means mounted in said closed pressure 
chamber for measuring pressure changes in said 
fluid stream; and 

an open connector tube including a probe tip for 
passing a portion of said fluid stream into said 
closed pressure chamber, any change of pressure 
therein requiring a “settling-time” to appear in said 
closed chamber that is inversely proportional to 
the cross-sectional area of said connector tube. 

9. The invention as defined in claim 8 including 
means for sensing the temperature in said pressure 
chamber. * * . . .  
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