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EFFECT OF DESIGN VARIABLES ON A PITOT PROBE

PURPOSE OF TEST

Conf l ic t ing  aerodynamic and s t ruc tu ra l  requirements  made
i t  neces sa ry  to i nves t i ga t e  the e f f ec t  of c e r t a in  des ign -  va r i ab l e s
on i nd i ca t ed  t o t a l  p r e s su re  a t  va r ious  ang le s  of a t t a ck ,  in the
case  of a p i t o t  probe des igned  fo r  je t  p ipe  p r e s su re  measurements
on an a i r c r a f t .

The va r i ab l e s  t e s t ed  were :

1 .  P re sence  or absence  of a s t reaml ined  t a i l  to  the cy l ind r i ca l
s t r t i t  on which the  p i t o t  tube  p rope r  was moun ted .

2.  Length of p i t o t  tube p ro j ec t i ng  from s t ru t .

3 .  Squa re -cu t  or counte rsunk  form of p i t o t  tube nose .

4.  P re sence  of coo l ing  a i r  i s su ing  from s l i t s  j u s t  behind the
nose of the t ube .

DESCRIPTION ÛF PROBE

The probe  cons i s t ed  of a 1 /4”  d i ame te r  cy l inde r  (of copper
tube )  wi th  a .050” d i ame te r  p i t o t  tube p ro j ec t i ng  rad ia l ly  out of
the cy l inde r ,  as shown in F igu re  1 .  The length of this  small  tube
was reduced  in  s t eps  dur ing  the  t e s t s ,  and i t s  nose was cut  off
square  and f l a t ,  or coun te r sunk ,  as r equ i r ed .  A s t r eaml ined  fa i r ing
of ba l s a  was a t t ached  wi th  adhes ive  ce l lophane  t ape  when needed .

The coo l ing  a i r  t e s t  was done on a l a rge r  p robe ,  of 3/16”
p i to t  tube  d i ame te r ,  as shown in  Figure 2 .

METHOD OF TEST

The probe  was mounted  in a 2” open jet  wind tunnel in the
Engine Labora to ry .  The tunnel speed was r eco rded  on a wa te r  ’U’
tube ,  and the  probe  Ind i ca t ed  t o t a l  p r e s su re  led to the suc t ion
s ide  of a wa te r  micromanometer .  The tunnel ca l i b r a t i on  shows tha t
t o t a l  p r e s su re  in the working s ec t i on  i s  w i th in  .01” HgO of a tmos -
phe r i c .  The o ther  s ide  of the micromanometer  was l e f t  open to
a tmosphe re .  When the  probe was ro t a t ed  to va r ious  ang le s  of a t t a ck ,
the e r ro r  of i nd i ca t ed  t o t a l  p r e s su re  was the re fo re  read  d i r ec t l y
on the  mic romanomete r .  The tunnel  speed was co r r ec t ed  a t  each
a t t ack  angle  s e t t i ng ,  to  nu l l i f y  any smal l  change of b lockage  co r r ec -
t i on  p roduced  by ro ta t ing  the p robe .
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In the case  of the t e s t  on the e f f ec t  of cool ing  a i r ,  the
probe was se t  up at  zero a t t ack  ang le ,  and the tunnel got  running
s t ead i ly .  The i nd i ca t ed  t o t a l  p r e s su re  was then read on the mic ro -
manomete r .  Cool ing  a i r  was then turned on, and i t s  p r e s su re  i nc rea sed
s lowly  to  20 l b s .  /in1 23 45 . Meanwhile the  i nd i ca t ed  to ta l  p r e s su re  showed
no change  a t  a l l .  Yawing the probe showed tha t  the f l ex ib l e  gauge-
l ines  were c l ea r  by the immedia te  r e sponse  of the  manometer .

TEST RESULTS

The i nd i ca t ed  to ta l  p r e s su re  error  Δ Pt was d iv ided  by the
loca l  dynamic  p r e s su re  Prj to g ive  a non-d imens iona l  error  coe f f i c i en t ,
which has been p lo t t ed  aga ins t  Q° ang le  of a t t a ck  in  F igures  3 and 4.

CONCLUSIONS

1.  The form of the s t rut  ( cy l ind r i ca l  or wi th  s t reaml ined  t a i l )
doe's not ma te r i a l l y  a l t e r  the performance of the p robe ,  p rov ided
that the p i t o t  tube  p rope r  i s  w i th in  the range of l eng ths  t e s t ed .

2 .  Wi th in  the  l im i t s  t e s t ed ,  the  length  of p i t o t  tube protruding
ups t r eam from the s t ru t  l ead ing  edge does a f f ec t  the yaw r e sponse .
A tube of length  equal to one s t ru t  d i ame te r  has a yaw in sens i t i ve
range roughly tw ice  tha t  of a tube  one-quar ter  of t h i s  l eng th .

3 .  The coun te r sunk  nose  t e s t ed  is  yaw in sens i t i ve  over  about  1 · t imes
the r ange  of a squa re -cu t ,  f l a t -nosed  tube .  This agrees  wi th  the
f ind ings  of Lys t e r  (N .A .E .  Lab. Memo. FR22(c ) ) ,  Gettelman & Krause
( NACA RM E 51 G09 ) , and NACA/TIB/2392 ( 16 ) .

4 .  The p re sence  of coo l ing  a i r  blown out of a number of s l i t s  nea r
the nose of t he  tube (one d i ame te r  back)  has no e f f ec t  on the
ind i ca t ed  t o t a l  p r e s su re .

5.  I t  i s  conc luded  tha t  the  probe des igned  for  t h rus t  eva lua t ion
in a r ehea t ed  a i r c r a f t  t a i l p ipe ,  having coo l ing  s l i t s ,  a s t r eam-
l ined  t a i l  to prevent  f lameholding and bu f f e t i ng ,  and a counter -
sunk nosed tube  more than one s t ru t  d i ame te r  l ong ,  should  be
sa t i s f ac to ry  at  l e a s t  over  + 15° of yaw, which i s  much g rea t e r
then  that  expec t ed  in f l i gh t .

I

----------------;
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SERIES OF RUNS SHOWING EFFECT OF SHORTENING PITOT-TUBE PROPER
(wiTH AND WITHOUT STREAMLINED TAIL')
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SERIES OF RUNS SHOWING EFFECT OF COUNTERSINKING NOSE
(WITH  AND WITHOUT STREAMLINED TA Ik )
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