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Summarx

Measurements of total pressure, static pressure and yaw angle
between the blade rows of an axial flow compressor have besn made with a
variety of previously calibrated instruments and the results of these
investigations are compared.

Good agreement between the instruments is obtained except in
ithe boundary layers near the walls of the compressor.

Introduction

In the course of the current work on an axial flow compressor
test rig presented to Cambridge University by Rolls Royce, Ltd., main
emphasis has been centred upon the measurement of axial velocity profiles
botween the blade rows under a variety of flow conditions. MNost of these
measurements have been made with & three hole Fecheimer tube, which
records yaw angle, and 18 calibrated to record total and static pressure.
Measurements made with this three hole tube have been compared with others
obtained with a variety of calabrated instruments.

These comparisons have been made by traversing the instruments
radially in between the guide vane row and an adjacent rotating row. The
circunforential position selected was that mid-way between the wakes of
the guide vanes at the mean radius of the blade, this mean radius being
located at a radius equal to 0.762 of the taip radius. The compressor
t1p radius 1s 7.0" and the hub-taip ratio 0.4, The compressor was run at
a ratlo of entry velocity (ox,) to blade speed at mean radius (Um)

¥y
of ——s = Oo 500 "
Uy,

The various instruments were previously calibrated at the
centre of a 4" brase pipe. Air was drawm through an airmeter into the
pipe, and at the calibration cross-seciion the static pressure at the walls
of the tube was compared with that recorded by the instruments., Total
pressure ad recorded by the instruments was compared with the baromstric
pressure. The yaw ahgle sero of the instrument relative to the traversing
gear frame holding it was obtained hy measuring the inclination of the
gear and the pipe to the horizontal.

Instrumenta

The axasl clesrance between the blade rows of the compressor
1s swmall, and all instruments are reguired to pass through a traversing
ring of 0.250 in. axial ihickness in the compressor wall. This limited
the axial length of the instruments to 0.200 in, and probibrted the
use of conventional type prtot and static iastruments. All the instruments
were made of 0,125 in. tube and this tube was carried in the traverse gear
ghown in Fig,., 1. A/
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4 frame carrying the instrument may be traversed circumferentially,
moving both the instrument and the traversing riag, and may be locked in any
circumferential posation. This motion has three point support -~ two conical
prns tracking in a cirvcumferential groove, and a spring loaded ball, The
frame 1s strapped to a circumferential track which 18 in turn carried on two
bars parallel to the longitudinal axis of the compressor.

Radial movement of the instrument through the drilling in the
traversing rings of the compressor casing is obtained with a friction drive
and yaw is obtained by rotating the graduated instrument mounting. A fine
and coarse control of this movement 15 available and a Vernier scale enables
accurate reading of the yaw angle to be obtained, Splat collets fitting in
to the traversing ring (Fig. 2a) enable traverses in the main stream to be
made without any disturbance of the flow near the wall, due to a cylindrical
extraction hols. Other collets are used to seal the extractign hole when
traverzes in the boundary layer are made (Fig. 2b).

The mstruments used are shown in Fig, 3, and are described below.

(1) The Three Hole Fecheimer Tube

Three hypodormic tubes are contained inside the 0,125 in. stock
tube. Threc 0.012 in. holes are dralled through to the hypodermic 0.250 in.
from the rounded end of the tube at 2 spacing of 42" of arc. The middle
hole points into the flow while the pressures recorded by the two outer
drillings are balanced. The centre hole 1s calibrated ito recad total pressure
and the two outer holes to read static. The errors in totsl and static are
found to be proportional to the true dynamic head. The siatic pressure
celibration curve is shown in Fig, 4. Another thrce hole tube of 0.050 in.
outside diameter (0.D.) tube containing three 0.012 in. tubes was made but
was found to be unsatiefactory due to the length of time requrred for
readings to be steady.

(2) The Conrad Yawmetsr (See Ref. 1)

Two C.040 in. 0.D. tubas are soldered side by side and chamferred
off to form an included angle of {100°. When the pressures recorded by the
two tubes are the same the 1nstrument is pointing into the flow direction ~
the gzero position. The instrument is calibrated over an angle of * 15 from

Py - P Po + Py - 2p
the zero position and =————— ({curve A) (curve B) are
q 2q

are plotted an Fig., 5.
Where P4 1s the pressure recorded by the first tube
Pp is the pressure recorded by the second tube
g 18 the true dynamic head
P 13 the true static pressurc
To obtain the total and static pressure in the compressor the instrument
18 rotated through a chosen angle, and the observed pressures recorded.
The dynamic pressure q may then be obtained directly from calibrating
curve (A) and then the static pressures from curve (B).
Anothicr Conrad tube using small hypodermic tubing (0.024 in. 0.D.)

and a different wedge ancle was found to be impracticable since the readings
took a long time to become steady.

(3)/
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(3) The Wedge Static Probe

A pointed brass wedge is built round a flattened hypodermic
tube and a 0.012 in. hole 1s drilled through the wedge. The instrument
records a maximun pressure when pointing into the flow. Calibration
shows that in this position the instrument records static pressure less
12% of the dynamic pressure.

(4,) The Disc Static Probe

A dasc is soldered onto the end of a hypodermic tube and & hole
(0.012 an, } 1e dralled through the disc to the hypodermic tube, The
instrument 1s calibrated in samilar fashion to the wedge static and records
static pressure less 9% of the dynamic head (see Fig. 6).

(5} The Nesdle Static Probe

A hypodermic tube {0.040 in. 0.D.) is bent into the direction
of flow and a 0.012 1n. hole is drilled through the tube at right angles
to the flaw, 0.160 in. from the nose of the tube (which is filled in with
solder and rounded off). This instrument 1s calibrated similarly to the
wedge and disc static probes and recorda static pressure less 32% of the
dynamio head,

{6) A Pitot Tube

4 hypodsrmic tube is bent into the shape of a shepherd's crook
to enable measurements to be taken near the well., This is found on the
calibrating rig to read true total pressure over a wide range of velocity.

chparlson of Measurement with Vaprious Insiruments

() Yaw Angle

Yaw angle measursments obbtained with the three hole and Conrad
tubes in a radial traverse between guide vanes and rotor are shown in
Figs 7v The maximum vaeriation between the two mets of observations -

radius
between radial position R & —=—ee— = 0.5, 0,9, 4is 4LO* at

tip radius
B. L Oc 9-

(t) Total Pressure

The measurements of total pressure made with the Conrad,
Fetheumer and pitot tubes are plotied in Fig. 8 ag a depression below
atmospherirs pressure expressed as a peroentage of the mean inlet dynamic
head to the compressor measured on a plane upstream of the guide vanes.
These results show that the Conrad tube gives results with some scatter,
end that the three hole tube readings are in doubt near the wall. If the
Pitot tube readings are correct then the three hole tube suggests the wall
boundary layer is thicker than is really the case.

(¢) Static Pressurs

Static pressures depressions below atmospheric pressure
computed from measurements mads with the Conrad tube and the three hole
tube are shown plotted as a percentage of the dynamic head at inlet to
the compressor (Fig. 8). The Conrad tube again shows considerable
gcatter. Also shown are corrected static pressure measurements made
with the wedge, the disc and the needle statics (2t being assumed that
the total pressure is that measured by the pitot tube) and a static
preasure obtained from a wall tapping.

These/
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These results show that beitween the boundary layers

/ ragius

'R & —memeeme— = 0,5 10 0.9 | there 18 a maximum daiscrepancy of
tip radius f

4% of the dynamic head., This maximum discrepancy occurs at

B = 0.5, 0,9 and 18 between the Conrad tube and the disc static

measurementa, Nearer the walls therc are considerable variations and it

1s evident that none of the instruments with the possible exception of

the wedze static 18 to be relied upon near & wall. It apnears that the

three hole and the Conrad tubcs read too low a value of static-depression

near the wall, while the disc static rcads too high a value.

The fluctuations in the observed readings cxpressed as a
percentage of the total dynamic head were approximatoly % %

Conclusions

The results show that the maximum variation in observed axial
velocity (0.4 < R ¢ 0.9} using these different instruments may amount
to % 1% about a mean velocity mainly due to the variations in static
Pressure measurements, These maximum variations occur at

R = 0.4, 0.9, 1.e.,, the nearcst positions to the annulus walls.
Reference
Ko. Authors Title, etc.
1 R.A.E. Aerco Tunnel Appendix to Report "Pressure and
Staff boundary layer measurements on a 59°

swept back wing at low spesed".
Current Paper No. 86.
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