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EFFECT OF DESIGN VARIABLES ON A PITCT PROBE

PURPOSE CF TEST

Conflicting aserodynamic and structural requirements made
1t necessary to investigate the effect of certain design- variables
on indicated total pressure st various angles of attack, in the
case of a pltot probe designed for jet plipe pressure measurements
on an aircraft.

The variables tested were:

1. Presence or absence of a streamlined tail to the cylindrical
strut on which the pltot tube proper was mounted.

2. Length of pitot tube projecting from strut.
3« Square-cut or countersunk form of pitot tube nose.

4. Presence of cooling alr issuing from slits just behind the
nose of the tube.

DESCRIPTION OF PROBE

The probe consisted of a 1/4" diameter cylinder (of copper
tube) with a .050" diameter pitot tube projecting radially out of
the cylinder, as shown in Figure 1. The length of this small tube
was reduced in steps durlng the tests, and its nose was cut off
square and flat, or countersunk, as required. A streamlined fairing
of balsa was attached with adhesive cellophane tape when needed.

The cooling air test was done on a larger provbe, of 3/16"
pltot tube diameter, as shown 1in Figure 2.

METHOCD OF TEST ;

The probe was mounted in a 2" open jet wind tunnel in the
Engine Laboratory. The tunnel speed was recorded on a water 'U!
tube, and the probe indicated total pressure led to the suction
side of a water micromanometer. The tunnel calibration shows that
total pressure in the working section 1s within .01" H20 of atmos-
pheric. The other side of the micromanometer was left open to
atmosphere. When the probe was rotated to varlous angles of attack,
the error of indicated total pressure was therefore read directly
on the micromanometer. The tunnel speed was corrected at each
attack angle setting, to nullify any small change of blockage correc=-
tlon produced by rotating the probe.
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In the case of the test on the effect of cooling air, the
probe was set up at zero attack angle, and the tunnel got running
steadily. The indicated total pressure was then read on the micro-
marometer. Cocling air was then turned on, and 1ts pressure lncreased
slowly to 20 1bs./in2. Meanwhile the indicated total pressure showed
no change a2t 2ll. Yawing the probe showed that the flexible gauge-
lines were clear by the immediate response of the manometer.

TEST RESULTS

The indlcated total pressure error A P4 was divided by the
local dynamic pressure P3 to give a non-dimensional error coefflclent,
which has been plotted against ©° angle of attack in Figures 3 and 4.

CONCLUSTIONS

1. The form of the strut (eylindrical or with streamlined tail)
doe's not materially alter the performaence of the probe, provided
that the pitot tube proper is within the range of lengths tested.

2. Within the limits tested, the length of pitot tube protruding
upstream from the strut leading edge does affect the yaw response.
A tube of length equal to one strut diameter has a yaw lnsensitive
rancge roughly twice that of a tube one-quarter of this length.

3. The countersunk nose tested is yaw insensitive over about 13 times
the rance of 3 square-cut, flat-nosed tube. This agrees with the
findines of Lyster (N.A.E. Lab. Memo. FR22(c¢c)), Gettelman & Krause
(NACA RM E 51 GO9), and NACA/TIB/2392 (16).

4, The presence of cooling air blown out of a number of slits near
the nose of the tube (one diameter back) has no effect on the
indicated total pressure.

5. It is coneluded that the probe desigrnied for thrust evaluation
in a reheated aircraft tailpipe, having cooling slits, a stream-
lined tall to prevent flameholding and buffeting, and a counter-
sunk rosed tube more than one strut diameter long, should be
satlsfactory at least over + 159 of yaw, which is much greater
than that expected in flight.

.
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