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ABSTRACT

The objective of the present investigation is to substantiate
the mechanism of acoustic streaming; this was carried out by conduct-
ing detailed internal surveys of a Ranque-Hilsch swirling flow test
rig at the condition when the vortex whistle was attenuated or excited.
This control of the vortex whistle was accomplished by two methods.

In the first method where the vortex whistle was attenuated by
placing a restriction at the exhaust, a Rankine vortex was observed
to form, accompanied by an almost uniform total temperature distribu-
tion in the radial direction except for a dip near the vortex core;
when the vortex whistle emerged by the removal of the restriction, a
forced vortex was formed, accompanied by an almost linear distribution
of total temperature in the radial direction. This establishes that
the total temperature separation is indeed caused by acoustic stream-
ing induced by the vortex whistle, which serves to deform a base
Rankine vortex into a forced vortex.

In the second method where the vortex whistle was suppressed by
the installation of an acoustic suppressor, at the time of sound sup-
pression the total temperature at the centerline leapt upwards while
the total temperature at the periphery took a sudden plunge. In spite
of this, a result to be expected, the forced vortex formed before the
sound suppression did not revert to a Rankine vortex. The cause of
this unexpected result was traced to a contaminating effect of back
flow entraining ambient air. Besides, the role of tuning mechanism

of acoustic suppressor was identified to be that of suppressing the
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second harmonic of the vortex whistle rather than the previously-held
fundamental frequency.

In addition, another phenomenon of intense heating caused by
a pure tone sound, generically different from the vortex whistle was

found; this may be related to Hartmann-Sprenger resonance tube effect.
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CHAPTER 1

INTRODUCTION

The effect of sound waves upon the flow is now being recognized
to be closely related to the total temperature separation [1, 2, 3];1
this phenomenon, where the sounds modify the steady base flow, is
caused by the mechanism known as acoustic streaming [4]. Although the
study of the steady flow upon the sound waves has been a subject of
numerous investigations, the converse problem--the effect of unsteady
waves on the time-averaged flow field--does not appear to have drawn
as much attention as it warrants. Lord Rayleigh [5] first analyzed the
problem of acoustic streaming using the Kundt's tubes; hence acoustic
streaming is not, by itself, a newly-found phenomenon. Since then,
these problems have sporadically evoked the interest of physicists
[6-13]. Yet, this interaction of the unsteady disturbance on the mean
flow has remained, in the main, a subject of only scientific interest;
its practical implications do not appear to have received equally
deserved recognition.

There do exist, however, the important acoustic streaming phe-
nomena which bear direct relation to the engineering applications.

As an example, this causes the intense heating in the resonance
tube or Hartmann-Sprenger tube (14, 15], a cylindrical tube open at its
upstream end, closed at the downstream end, and immersed in a jet flow.

Merkli and Thomann [16] succeeded in tracing the phenomenon of

lNumbers in brackets refer to similarly-numbered references in
the Bibliography.



Hartmann-Sprenger tube to acoustic streaming by using the nonlinear
acoustic theory. According to them, acoustic streaming induced by
resonant oscillations of a gas-filled pipe can produce extreme heating
of its closed end, which corresponds to a node of the resonant wave;
the compensating cooling takes place in the middle of the pipe, which
corresponds to a loop.

As the second example, extremely low recovery temperature meas-—
ured in the near-wake region of a thermally insulated cylinder [17] or
other body [18] in high subsonic flow is attributed to streaming
induced by von Karman vortex streets [19]. If the cylinder is not
thermally insulated but its surface temperature is maintained to be
constant by heating elements, the higher heat transfer rate is found
in the separated flow region of the cylinder [20, 21]. This phenomenon
involves obvious implications related to such technological applica-
tions as gas turbine cooling.

The next example, the Ranque-Hilsch or vortex tube effect due
to the acoustic streaming, is the subject of the present investigation.

The tube's name came from the first two investigators [22, 23].
In the Ranque-Hilsch tube, compressed air is injected tangentially near
one end of the tube. The swirling air thus created separates sponta-
neously into hot and cold streams. Many studies, both analytical and
experimental, have been conducted on the behavior of the vortex tube.
But, unfortunately, almost all investigators have deduced fallaciously
that the total temperature separation is due to the turbulent shearing
work done by Reynolds stresses (For the critical review and history of

the past investigations, see [1], [2] and [24].).



Now it has long been recognized that a high-intensity whistle
sound--the so-called vortex whistle--emanates from contained vortex
flow in general and from the Ranque-Hilsch tube in particular.
Although so far it has been regarded as a mere, annoying by-product of
such swirling flows and nothing more, according to Kurosaka [1, 2],
who analyzed acoustic streaming for a swirling gas within a cylindrical
duct, acoustic streaming induced by the '"vortex whistle'" produces the
Ranque-Hilsch effect; the reason why the total temperature becomes
separated in the radial direction was explained as the result of
transformation of a Rankine vortex, presumed to be formed in the
absence of the vortex whistle, to a forced vortex caused by acoustic
streaming induced by the vortex whistle (Figure 1).

The first experimental confirmation of the theory is described
in detail by Chu [24]. An acoustic chamber, specially designed and
tuned to the frequency of the vortex whistle, was installed on a uni-
flow type Ranque-Hilsch tube. When one of the frequencies of the
vortex whistle, which increases as the flow is increased, hit the
tuned frequency, the sound level suddenly tumbled. At that time, the
centerline temperature immediately shot up. Almost all of his measure-
ments were restricted to that of the centerline temperature; no
detailed internal flow survey such as radial profiles were conducted
because of the small size of the vortex tube used in his experiments.

The objective of the present study is to obtain the internal
flow measurements of an upscale Ranque-Hilsch swirling flow test
rig in order to examine, in detail, how the acoustic streaming affects

the flow pattern and energy separation.
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(a) Rankine vortex in the (b) Forced vortex with
absence of acoustic acoustic streaming
streaming

Figure 1. Deformation of swirl by acoustic streaming.
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CHAPTER 1II

EXPERIMENTAL SET-UP

The most common arrangement of a Ranque-Hilsch tube or vortex
tube is the combination of a swirl generator and two solid pipes [26-
31]. The feature of the vortex tube is that incoming air, upon leav-
ing the swirl generator, becomes separated into two outlet flows; one
flows through the main pipe with hotter temperature than that of the
inlet; the other with colder temperature exhausts from the so-called
"cold end orifice." For the present experiment, the cold end orifice
was completely closed. Even by closing the cold end pipe, the total

"uni-flow" arrangement, shown in Figure 2, is

temperature in this
shown to remain separated in the radial direction; and because of its
simpler flow pattern, our investigations here, as well as the preced-
ing ones, focused upon this uni-flow type.

The compressed air from a surge tank enters a manifold through
an inlet pipe. Within the manifold, a swirl generator is located.
The swirl generator, with three inches inner diameter, has four tan-
gentially drilled nozzles of 1/4 inch diameter, all equally spaced
around circumference. The air leaving swirl generator nozzles is
therefore imparted a swirling motion. One end of the manifold is
closed by a cold end plug. The swirling air, therefore, escapes only
in one direction through the main pipe.

As already stated, the size of the test rig used to obtain the

results of Refs. [1], [3], [24], and [25] was too small to allow the

detailed radial survey of flow field; the diameter of its main pipe






was only 11/16 inch. Therefore, an upscaled version of the test rig
has been constructed; its diameter is now enlarged to two inches. It
is sufficiently large to allow the insertion of probes without causing
major disturbance of flow. The test rig is placed in the reverberation
chamber of the Acoustics Laboratory of The University of Tennessee
Space Institute.

Both a solid and porous pipe were manufactured and used as the
main pipe in the following ways:

1. the solid main pipe,

2. the porous main pipe with the acoustic chamber,

3. the porous main pipe with the acoustic chamber, fitted

with smaller exit-area plate, and

4. the solid main pipe fitted with smaller exit-area plate.

A. Solid Main Pipe

This standard pipe serves as the baseline configuration; as shown
in Figure 3 together with the swirl generator, the diameter of the pipe

is 2 inches, its length 5.25 inches.

B. Porous Main Pipe

The aforementioned solid main pipe can be replaced with a porous
main pipe, shown in Figures 4 and 5, where a number of 0.046 inch
diameter holes are drilled. An acoustic chamber, made of Teflon, fits
on this porous main pipe. The chamber has the acoustic cavities, 0.177
inch in diameter, and cavity arrangement consists of 22 axial rows and

30 circumferential columns. To each cavity, a tuning rod is inserted.
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Figure 3. Swirl generator with solid main pipe.
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By varying the cavity length, % of Figure 4, the vortex whistle can be
attenuated at any desired tuned frequency, ft. In order to reduce
leakage through the acoustic cavities, the acoustic chamber is covered
by a Teflon sheath. The entire assembly is clamped by an end plate.

During the experiment, it was always ascertained that the air does not

leak from the test rig.

C. Shape of End Plate

During this experiment, it was found that the shape of the end
plate, (9) of Figure 5, plays an important role in the generation or
the suppression of the vortex whistle; this, in turn, affects the
Ranque-Hilsch effect. Two different kinds of the end plates were made
for this experiment. The purpose of the first kind is to block par-
tially the exit area of the main pipe; they have openings near the
centerline of the main pipe, but its diameter is smaller than that of
the main pipe. The following diameters of openings were used: 0.3,
0.4, 0.5, 0.6, 0.8, 1.0, 1.25 and 1.5 inches. The thickness of these
plates is 1/16 inch. These plates can‘be installed either to the
solid or porous main pipe.

The second kind, shown in Figure 6, has an opening with a
diameter nominally equal to that of the main pipe; they were only
installed with the porous main pipe. These shapes were found to be
intimately related to the effect of the sound suppression and subse-
quent change in the flow field. The effect of these end plates will

be discussed later.
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Henceforth, the following symbols, shown in Figure 7, will be
used to designate the various combination of the main pipe(s), acoustic

chamber and end plate(s).



(1) solid main pipe

:

(2) porous main pipe with
acoustic chamber

(3) porous main pipe, with
acoustic chamber, fitted
with smaller exit-area
plate

| (4) solid main pipe fitted

| with smaller exit-area
‘ plate

Figure 7. Abbreviated figures showing various
types of test rig.
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CHAPTER III

INSTRUMENTATION AND DATA REDUCTION

The measurements inside of the main pipe were carried out with
the pressure and temperature probes. The total and static pressures,
the total temperature and the flow angle were measured as the time-
averaged, mean values. The sound frequency and the sound pressure

level were measured with the microphone.

A. Pressure Measurement

In general, the measurements of internal flow are difficult
because of the disturbance of flow caused by the insertion of probes.
Furthermore, the measurements in swirling flow are more difficult
than other internal flows. This is because the presence of strong
radial pressure gradients in the swirling flow poses a difficulty in
reducing the error in data obtained from multi-probe holes; they are,
strictly speaking, located at different radii.

The velocity component in radial direction of the vortex tube
can be assumed to be very small, as compared with the axial or tan-
gential velocity components [28-33]; thus, it is necessary only to
measure the axial and tangential velocity components.

The important factor in the probe selection is. its size.
Obviously, the velocities measured by a probe will differ from those
in absence of the probe, and the difference increases with increasing

probe size.
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To assure the greatest possible accuracy in this experiment,
the probes were made as small as possible, but with enough strength and
reasonable response times. Thus, the size of the probes were chosen to
be 1/16 inch in its outer diameter. 1Initially the probe shapes, shown
in Figure 8, were chosen from Ref. [32]; (a) a transverse-cylinder
probe, (b) a wedge-type combination probe, and (c) a three-tube com-
bination probe. These three-hole pressure probes were intended to be
used for measuring the magnitude of velocity vector and its direction.

The reading of the center-hole pressure gives the total pressure
once the pressure difference between the other two adjacent holes is
adjusted to zero by rotating the probe, while these readings of the
adjacent holes provide the static pressure.

These pressure probes were calibrated in the calibration rig
of a free round jet; the calibration curve is shown in Figure 9. Even
when the calibration curves are prepared in such a free jet, near the
wall surface the transverse-cylinder probe and the wedge-type combina-
tion probe deviate from the free jet characteristics because of the
presence of a horseshoe vortex on the wall. To avoid the effect of
the horseshoe vortex, the three-tube combination probe, a rake-type,
was mainly used to measure the pressure. At the time of calibration,
this was compared with standard-sized rake-type probe to measure the
pressure near the wall of the calibration rig; it was confirmed that
in the three-tube combination probe the effect of horseshoe vortex
can be virtually eliminated.

To measure the pressure at given axial station, first either

the tuning rod of the desired cavity or the cover plug at that
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position on the main pipe was removed. The pressure probe was radially
inserted into the main pipe. At the same time, the probe was mounted

on the traversing unit attached to the test rig.

B. Temperature Measurement

The temperature probe, as shown in Figure 8(d), was designed
to give a high recovery factor. To reduce the heat conduction from the
Chromel-Alumel thermocouple, the thermocouple wires were insulated
from the outer stainless steel tube; its outer diameter was the same
as that of the pressure probe (1/16 inch). The temperature probe was
also calibrated, and the reading of the temperature was interpreted
directly as a total temperature. This probe was used for determining
the radial total temperature distribution in the main pipe by inter-
changing with a pressure probe mounted on the traversing unit.

For the centerline temperature measurement, the Chromel-Alumel
thermocouple with a stainless steel sheath pipe, the outer diameter
of which was 1/8 inch, was inserted through the cold end plug. Upon
calibration, this thermocouple did not exactly measure the total tem-—
perature because of the low recovery factor. Fortunately, at the main
pipe centerline, the velocity is so small that the total temperature
is almost equal to the static temperature. One can, therefore, assume
safely that the measurement with this thermocouple gives, for all
practical purposes, the total temperature at the centerline of the
main pipe. This axial insertion also gives less disturbance in the

flow of the main pipe.
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C. Sound Measurement

The sound measurement was completely the same as that of Refs.
[3] and [24]. A condenser microphone was nominally located at a dis-
tance of three feet away from the main pipe axis; in certain cases, the

microphone was placed within the pipe, flush with the pipe wall.

D. Data Reduction

Figure 10 shows the cylindrical coordinate system; v and w are
tangential and axial velocity components, respectively, and these
nomenclatures are to be used throughout the present thesis. Hence-
forth, these velocities and other flow quantities denote time-averaged,
mean values.

Once the total and static pressure, p*, p, the total temperature,
T#, and the flow direction, a, are measured, the tangential and axial
velocity components, v, w, and the static temperature, T, can be calcu-
lated by the relationship of an isentropic flow assumption. The

equations are

Th = T (1+Y—;1—M2) (1)
~ Y/(Y-1)

px = p (14 0¥ (2)

a = YRT (3)

p = PRT, p* = P*RT* (4)

q =Ma, v =gqsina, w=q cos a. (5)
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The magnitude of the velocity vector and the static temperature can be

obtained as

1/2
= _— * - G
Il e {1 P E (6)
. (v-) /v
T = T* (5;' (7
In this experiment, the air was used as an operating fluid so that
y = 1.4, R = 1716 1bf ft/slug °R (8)

The mass flow, G, and the energy flux, Q, through the main pipe
can be calculated by integrating the flux from centerline to the peri-

phery of the main pipe:

r
G = 27 f Oprw dr (9)
o
b
= 2m C f ° prw T* dr (10)
Q p %o
B 1/y
_P* . p
where p = S (p*) (11)

This mass flow was always checked against the one through the ASME
orifice installed in the upstream of the test rig. The latter was the
1-D and 1/2-D tap orifice [33], with 0.772 inch and 3.0 inches in

orifice and pipe diameters, respectively. The mass flow is given by

PPy /Py (P;-Py)
G, = 0.5419K (1 - 0.294 = ) T % (12)

1 1
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where Pys T.* are the values at the 1-D upstream tap, pz, the pressure

1

at 1/2-D downstream tap. K is the flow coefficient, a function of the

Reynolds number based on pipe D', ReD,, that is,

(9]

_ 4 “in
ReD'_Tr —D'U . (13)

In equation (13) the Sutherland formula for viscosity [34],

L, 312
T+199

u=7.287 x 10 1bm/ft sec (14)

was used to determine the viscosity.

The flow coefficient is given as [33]
K = 0.59320 + 0.86614/1‘R€Dv (15)

However, the value of K is found to deviate from this in our test rig;

our calibration shows that K is given, more adequately, by

K = 0.57411 + 6.24412/ JReD:— 279.135/ReD' (16)

Since the radial velocity is negligibly small, the following
radial equilibrium between the radial pressure gradient and centrifugal
force holds in the inviscid region, the one outside of the wall boundary

layer and outside of the centerline:

% v, (17)
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From this equation, the tangential velocity can also be calculated by

- /X . 23p
v = = e (18)

On the other hand, using equations (1) through (5), equation (18)

becomes

== D sin  «a. (19)

At a fixed axial distance, this equation can be regarded as an ordinary
differential equation for the unknown p, once p* and a are known as
functions of r. This equation can easily be solved by using the fourth
order Runge-Kutta method, with initial condition given at an appropriate
value of r.

Finally, the entropy is related to the temperature and pressure

of the fluid by

8 =8, ma 1g=t=sF bncb (20)
in in

By using equations (1) and (2), equation (20) may be rewritten as

* *
S-S5, =R (= 1n X _ 15 BX) (21)
in =L Ty Pin
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CHAPTER IV
EXPERIMENTAL RESULTS AND DISCUSSION
A. Vortex Whistle in the Solid Main Pipe

To compare the measured frequency of the vortex whistle with the
one calculated from the analysis, an experiment was initially conducted
to measure the velocities and frequencies in the solid main pipe. Pre-
viously in Chu [24], such frequency-tangential velocity relationship
was compared favorably with the analysis, but the tangential velocity
was not directly measured; instead it was estimated by an indirect
means. Here the size of the upscaled version enabled us to measure
the tangential velocity directly.

Figures 11 and 12 show the examples of the velocity distributions
and frequency spectra. We discuss these in detail shortly, but before
making comparison with the analysis, it suffices here to note the pres-
ence of pure tones in the frequency spectra of Figures 11 and 12.

Details of the mathematical analysis of the unsteady swirling
flow in a pipe is given by Ku;osaka [1]. As a part of this analysis,

the frequency-swirl relationship of an unflow type Ranque-Hilsch tube

is determined, from the inviscid flow model, as

=% (|n| - 1+22lmly g (22)

where w is the lowest eigenvalue of the tangential wave with wave num-

ber, m, A, the ratio of the wall radius, ro, and the interface between
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a forced and free vortex, ros and 2, angular velocity of the forced
vortex.

The above tangential wave number, m, of the pure tone, where the
unsteady disturbances are of the type ei(me-wt), is determined from a
Lissajous figure. This is obtained by placing two microphones at the
same axial and radial positions near the main pipe, but varying relative
position in the circumferential direction. These two microphone signals
can individually filter only the fundamental frequencies/higher har-
monics through two identical filters.

Figure 13(a) shows the example of the Lissajous figure for 90°
microphone arrangement using the filters corresponding to the fundamen-
tal frequency. From this circle-like figure, the tangential wave number
of the pure tone corresponding to the first peak of Figures 11 and 12,

denoted as f is found, by the reason described in Appendix A, to

11’
be the first tangential wave mode, |m| = 1. When the first microphone
filters f11 and the second filters the second peak of Figure 12, the
Lissajous figure takes the form of Figure 13(b), and from this the fre-
quency of the second peak is found to be exactly twice that of the
first peak, again by the reason stated in Appendix A.

At the low inlet pressure, as Figure 11 shows, the next peak is
denoted as f21. The wave number, m , corresponding to this is found
to be equal to two, again as shown in the appendix, but the frequency
of f21 is not equal to twice of f11 but only 60% higher. Therefore,

this is not the second harmonics, and we will return to this in IV-E.

When the peak corresponding to f21 becomes as dominant as that of fll’



microphone (Y)

Figure 13.

microphone (X)

(a)

(X) and (Y) filter only
the first peak, fll’ of
Figure 12.

(b)

(X) filters the first peak,
£113

(Y) the second peak of
Figure 12.

Example of Lissajous figure.
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these two frequencies create combination tones: nlf ) + n,f (where

1 2721

n, and n, are positive integer).

The velocity distribution, shown in Figures 11 and 12, was meas-
ured at the axial position located as practically as possible to close
the manifold. This position was at Z = 2 inches, which corresponds
to the fourth acoustic cavity of the porous main pipe. Note that the
tangential velocity distribution is more or less like a forced vortex;
it is more so at the higher pressure of Figure 12 than that of the
lower pressure of Figure 11.

Figure 14 shows the relationship between the maximum value of
the radial distribution of the tangential velocity, Vmax’ and the fun-
damental frequency of the first tangential wave mode, fll; the radial
locations of Voax 2fe shown in Figures 11 and 12. The solid line of

Figure 14 shows the theoretical calculation from Ref. [1], which is

given by

11 ~ Znr (23)
o

where v is the tangential velocity at the outer edge of the boundary

layer on the wall. The experiment appears to show a good agreement

with theory [1].
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B. Change from a Forced Vortex

to a Rankine Vortex

It was found that the vortex whistle disappears when the open-
ing at the end of the main pipe is partially closed. At the same time,
the flow is found to change from a forced vortex to a Rankine vortex.

Figure 15 shows the total and static pressure, tangential
velocity, total temperature, entropy and frequency spectrum when the
end of the main pipe is fully open. The tangential velocity, Figure
15(b), is, as mentioned, like a forced vortex, except the region near
the boundary layer. Figure 15(d) shows that the total temperature
near the pipe centerline becomes cold, while the one near the pipe
periphery exceeds its inlet temperature. This is precisely the figure
showing the radial separation of total temperature or the Ranque-
Hilsch effect. The centerline temperature, shown in this figure, was
measured by the centerline thermocouple with radial survey probe with-
drawn.

From the point of the thermal energy balance, it is expected
that the total temperature defect relative to its upcoming value must
be accompanied by the excess total temperature. Now it may not appear
possible that a relatively narrow area near the periphery, correspond-
ing to the excess temperature, can balance with a seemingly wider area
near the centerline corresponding to the temperature defect. The
balance is, however, achieved by the two reasons: (1) the larger
radius near the periphery setves to enlarge the annular area, and

(2) the axial velocity near the centerline has a reverse flow, as seen
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from Figure 15(c); this back flow will be discussed later in detail.
The reverse flow near the centerline serves to reduce the mass flow
carrying the lower thermal energy. Also, Figure 15(e) shows that the
entropy outside of the boundary layer is more or less uniform in the
radial direction; this reconfirms that the flow external to the
boundary layer can indeed be approximated as the inviscid region. The
aforementioned presence of pure tones or vortex whistle, with the
fundamental frequency and its higher harmonics, is also easily recog-
nizable in Figure 15(f).

Figure 16 shows the radial survey for the exit plate with an
opening of 0.4 inch in diameter; corresponding to this reduced exit
area, the tangential velocity of Figure 16(b) is observed to change to
a Rankine vortex. The total temperature (Figure 16(d)) becomes almost
constant except in a core region near the pipe centerline; the fre-
quency spectrum of Figure 16(f) has no distinctive peaks corresponding
to the vortex whistle. This does support our view that acoustic
streaming induced by the vortex whistle introduces the total tempera-
ture separation. The increase of entropy near the centerline, shown
in Figure 16(e), is what is to be expected from the presence of high
shear corresponding to the large tangential velocity near the core.

The process of a transition from the fully open tube to the
above 0.4 inch opening is shown in Figures 17, 18 and 19; they
correspond to 1.5, 1.25 and 1.0 inch of exit diameter, respectively.
At_d = 1.5 inches, the forced vortex no longer fills up the entire
tube. The tangential velocity near the periphery becomes flattened,

and the region of a forced vortex becomes reduced. As comparison
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with Figure 16(b) shows, this velocity profile is, however, not a
Rankine vortex corresponding to a smaller exit opening diameter of
0.4 inch, discussed before. 1In addition, the total temperature dis-
tribution slightly changes from the one corresponding to a forced
vortex, but it is different from the one corresponding to a Rankine
vortex. The frequency spectrum shows that the pure tone is not as
dominant as the one without restriction at the exit. However, the
peaks of the vortex whistle still are visible in this case, as shown
in Figure 17(c).

Figures 20 and 21 show the radial survey for the exit opening
diameter of 0.8 and 0.6 inch, respectively, corresponding to a reduced
exit area. From these, the gradual and continual process resulting
from the decrease of intensity in the vortex whistle is clearly seen.

The conditions corresponding to this experiment are summarized

in Table 1; here Qirl and Q are calculated from the following equations:

Q. =c T*, G,
in P in "in
(24)
r
Q = 27 ¢ f ° r Tx w dr
P ‘o

C. Effect of Sound Suppression

One observed in the previous section that the tangential veloc-
ity distribution was a forced vortex when the vortex whistle was pres-
ent, and a Rankine vortex when the audible vortex whistle was absent.

This section describes the effect of suppression of the vortex whistle.
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Table 1

Mass Flow and Energy Flux

4 P, o ot ot % o oft
Test No. inch psi lbm/sec 1bm/sec 1bm/sec Btu/sec Btu/sec Btu/sec
1220 2.0 29.90 .1035 .0996 . 1051 13.0 12.6 13.2
1174 1.5 30.96 .1039 .1017 . 1055 13.3 12.9 13.4
1157 1.25 31.80 . 1041 . 1019 . 1053 13.2 12.8 13.2
1138 1.0 31.03 .0955 . 0941 .0968 11.7 11.4 11.8
1151 0.8 35.98 .1036 . 1041 . 1050 13.0 13.0 13.1
1155 0.6 44.18 .1Q91 .1043 .1100 14.0 13.3 14.0
1172 0.4 60.52 .1024 .1129 .1038 13.0 14.3 13.0

+Ca1cu1ated from P*, P, T* and a.

++Calcu1ated from differential equation.
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It was expected that the attenuation of the vortex whistle will reduce
the total temperature separation and the swirl distribution will revert
to a Rankine vortex.

To suppress the vortex whistle, the porous pipe, installed with
an acoustic chamber with acoustic cavity length equal to 1 3/8 inches,
was used as a main tube. Figures 22 to 24 show the radial distribution
of flow field just before and just after the sound suppression, taken
at three different axial positions: Z = 2 inches, Z = 3.5 inches and
Z = 5.4 inches.

At Z = 2 inches, which corresponds to the position of the fourth
cavity from the manifold--an axial position closest to the swirl
generator--the tangential velocity profile just before the sound sup-
pression (Figure 22(c) corresponding to circles) is found to be a
forced vortex, as expected; this separates the total temperature in
the radial direction (Figure 22(e)). The total temperature at the
centerline, which is measured by the thermocouple inserted through
the cold-end plug, indicates extremely low value (the difference
between the centerline and inlet total temperature is as low as -81°F).
Obviously, the vortex whistle dominates the frequency spectrum, as

shown in Figure 22(g); the fundamental frequency, f is 1.25 kHz,

11°
which, as mentioned, corresponds to the lowest frequency of the first
tangential wave mode, |m| = 1. The presence of its higher harmonics,

corresponding to nf 1 wheren=1, 2, . . . , is also evident.

1
Once the vortex whistle is suppressed, the precipitous fall of

the sound level can be observed in the frequency spectrum (compare

Figure 22(g) and (h)); the sound changes from a shrill whistle to a
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muffled hiss. At the same time, the centerline total temperature,
measured by the thermocouple inserted through the cold-end plug,
suddenly jumps up. This amount of jump, AT*, is 46.5°F; the differ-
ence between the centerline and inlet total temperature is now
reduced to -34.5°F.

The radial profile of the total temperature (triangles of
Figure 22(e)), measured by the Eadially inserted probe, shows that
there is a compensating decrease of total temperature between around
r = 0.5 inch and r = 0.8 inch and the pipe periphery temperature
remains the same.

In spite of the observed change in the temperature separation,
which is to be expected, the tangential velocity profile does not,
however, revert to a Rankine vortex, as triangle points of Figure 22(b)
show. This is contrary to all the expectations, and the question is
"what has happened?"

A clue to this can be obtained from the inspection of the axial
velocity (Figure 22(d)). Even before the sound suppression, the
negative axial flow or reverse flow exists near the pipe centerline.

When the vortex whistle is suppressed, this reverse flow, how-
ever, increases about four times, as shown in Figure 22(d). This
reverse flow or the entrainment of ambient air without any swirl may
annihilate the potential regeneration of the higher tangential veloc-
ity near the centerline; it may thus prevent the reversion to a Rankine
vortex. As Figure 22(e) shows, the temperature distribution in radial
direction after the sound suppression is also different from that of

a Rankine vortex; it is not like the radial distribution characterized
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by the almost uniform radial direction of a Rankine vortex observed in
the previous IV-B. However, when the vortex whistle is suppressed,
the total temperature at the centerline does jump up. Then, a question
might be raised whether the observed temperature jump, AT*, may be due
to the entrainment of the warm ambient air carried into the main pipe
by the reverse flow. This was verified not to be so; by directly heat-
ing the ambient air near the main pipe exit to the temperature of 300°F,
and observing the centerline temperature and change of AT* at the sound
suppression; the centerline temperature is found to be affected by
only 3°F.

Thus the presence of the reverse flow does not affect our key
point that the temperature separation is caused by the vortex whistle.
However, it is certainly nice if the increase of the reverse flow after
the sound suppression could somehow be prevented. In spite of many
attempts, none has been found to be successful in achieving this.

Another point worthy of attention is that in the frequency
spectrum of Figure 22(h) after the sound suppression, the emergence of
what is identified to be fZl frequency from the Lissajous figure of
Figure 22(i); this and other points will be discussed in more detail
later in Section D.

At the axial position of Z = 3.5 inches, which corresponds to
the 12th acoustic cavity, the velocity profiles, as shown in Figure
23, are almost the same as that of the 4th cavity position, except
that the tangential velocity devreases slightly due to the viscous

effects. The total temperature near the centerline again jumps at
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the sound suppression, while here near the pipe periphery now clearly
shows the temperature drops.

At the axial position of Z = 5.4 inches, which corresponds to
the 22nd acoustic cavity (Figure 24), the tangential velocity before
the sound suppression resembles the flow distribution after the sound
suppression, rather than that of a forced vortex. The reason is that,
since this position is only 0.1 inch upstream of the main pipe exit,
the reverse flow or the entrainment of the ambient air which does not
possess swirl, cannot attain sufficient amount of swirl flow and this
effect will be felt most directly near the exit. The total temperature
distributions also suffer from the effect of backflow, although near
the centerline the temperature still increases after the sound sup-
pression, while near the pipe periphery it decreases. The major data
are tabulated in Table 2.

At the tuned condition, a striking transformation in flow takes
place at the exhaust. This change in flow can be observed by placing
a small rod with a tuft attached to its tip. Before the sound sup-
pression, the air from the main pipe turns around the corner of the
end plate surface, and flows along it. On the other hand, the region
over the center is calm, but ambient flow is found to penetrate into
the main pipe center; this is the aforementioned reverse flow region
in the main pipe near the centerline, as shown in Figure 25(a).

After the tuned condition, however, the region outside of the
pipe wall becomes, all of a sudden, quiescent, and the air from the
main pipe now gushes out along the centerline with small amount of

swirl, as shown in Figure 25(b), (these observations are consistent



Table 2

Mass Flow and Energy Flux

Probe Py Gin c' 't Qin Q" Q™
Test No. Position psia lbm/sec 1bm/sec lbm/sec Btu/sec Btu/sec Btu/sec

924% 4 46.13 .1817 .1814 .1841 22.1 22.1 22.4
922% 12 46.09 . 1825 . 1523 . 1850 22.2 18.9 22.9
920% 22 46.09 . 1824 . 1410 .1750 22.2 17.3 21.5
D25 4 46.92 . 1888 . 1882 .1922 22.9 28.1l 23.5
923%% 12 46.92 .1888 .1701 L1912 22.9 20.9 23.4
921%* 22 46.91 . 1890 .1713 . 1896 23.0 21.0 23.2

+Calculated from P*, P, T* and a.

t

"Calculated from differential equation.

*Before sound suppression.

**After sound suppression.
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Figure 25.
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with the one observed in the small-scaled test rig by Chu [24]. Near
the pipe periphery, the ambient air cannot penetrate into the main
pipe. However, although the air from the main pipe gusheg out, the
reverse flow still exists near the centerline. This flow is very vigor-
ous; for example, when the disk with the same size as that of the main
pipe diameter is positioned at about one foot downstream from main pipe
exit, the disk is pulled toward upstream with strong suction.

It was found that the flow pattern outside the main pipe and the
manner and amount of sound suppression is extremely sensitive to the
configuration of the end plate. Several kinds of the end plates were
examined. Figure 26 shows the plates and their flow patterns before
and after sound suppression (in Figure (a) to (g), the flow pattern
shown above the pipe centerline corresponds to the flow before the
sound suppression; the flow pattern shown below the centerline
corresponds to the flow after the sound suppression).

The plate (a) is the original end plate, and almost all of the
experiments used this; the flow patterns associated with this have
been mentioned before, in connection with Figure 25. The plate (f)
has almost the same characteristics of change in flow as plate (a).
When the plates (b), (c¢), (d) or (g) are instalied as the end plate,
the temperature separation after the sound suppression is completely
different from the one corresponding to the original plate, because
the sound cannot be suppressed as sufficiently as by the original
plate. (Before the sound suppression for any end plate, the sound
level of the vortex whistle is virtually the same and the total

temperature separation is also almost the same.)
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The role of the end plate in the sound suppression and the sub-
sequent change in the flow pattern has not been investigated in detail,
although one can speculate that it may be related to the Coanda effect.

All of the above data corresponds to the sound suppression for
a porous pipe without any restriction placed near its exit. When the
exit plate with its opening diameter smaller than that of the main
pipe is placed at the end of the porous pipe, the sound suppression
does not suddenly take place at a fixed inlet pressure anymore.
Instead, the sound level gradually decreases over a range of inlet
pressure. However, the data taken for a small exit area does show
the virtual absence of the reverse flow and reversion to what resembles
a Rankine vortex.

Figure 27 shows the radial survey at 12th cavity position with
smaller exit area, the opening diameter on the end plate equal to one
inch. Since the tuned condition is over a range of pressure, the inlet
pressure before the sound suppression is taken to be at 31.03 psia, and
the inlet pressure after the sound suppression at 36.62 psia. Before
the sound suppression, the vortex whistle is very small, as shown in
frequency spectrum (Figure 27(d)). The tangential velocity distribu-
tion, indicated by circles in Figure 27(a), therefore, is not a forced
vortex. After the sound suppression, the vortex whistle disappears,
Figure 27(e) (but other peaks appear as in Figure 27). What is most
interesting here is that, after the sound suppression, the tangential
velocity, shown by triangles in Figure 27(a), is observed to become
something like a Rankine vortex. Before and after the sound suppres-

sion, the axial velocities (Figure 27(b)) do not show any signs of
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reverse flow region near the centerline; slight amount of the reverse
flow exists, however, in a small area corresponding to the radial
position of r = 0.6 inch.

The total temperature near the centerline, before the sound
suppression, is equal to 15°F (Tt - Tin = -36°F), and the one after
the sound suppression is 6°F (Tt - Tin = -47°F). The total temperature
jump, AT*, drops 9°F, instead of the usual increase; this drop due to
the sound suppression is, however, reasonable, when one takes into
account the fact that the inlet pressure rises by 5 psi during the
sound suppression. This data, which has no reverse flow near the
centerline, indeed points out the possibility that once the increase
of the reverse flow is somehow prevented for a pipe without an end
restriction, the sound suppression appears to make the tangential

velocity distribution revert to a Rankine vortex.
D. Effect of Backflow

In the previous section, it has been discussed that the effect
of reverse flow near the centerline might be preventing the reversion
to a Rankine vortex at the time of sound suppression.

To confirm the influence of the reverse flow near the center-
line, a secondary air was injected into a pipe with an end plate hav-
ing smaller opening; its direction was toward the upstream and the
injection pipe of 3/8 inch was placed near the exit of the main pipe
and along its centerline. The idea is to investigate whether this

artificially created backflow can alter the profile of a Rankine
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vortex, which, as mentioned, can be realized by placing an exit plate
with smaller opening at the exit.

Figure 28 shows the radial survey corresponding to 0.8 inch exit
opening diameter, and the data were taken at the 12th acoustic cavity
position. As seen before, without blowing (circles in Figure 28(a))
the tangential velocity profile is a Rankine vortex, and it has no
reverse flow region near the centerline. The total temperature profile
(circles in Figure 28(c)) is almost constant, except the core region
near centerline; the peaks of vortex whistle are not recognizable in
the frequency spectrum of Figure 28(e).

With the blowing, from Figure 28(a), the tangential velocity
profile is seen to change from a Rankine vortex to something similar to
a forced vortex. At the same time, the axial velocity near the center-
line decreases due to the injection of a reverse flow (Figure 28(b)),
as expected. Furthermore, the total temperature starts to show linear
distribution in the radial direction (Figure 28(c)), because the vortex
whistle, small though it is, now emerges (Figure 28(f)).

Thus it seems almost certain that for the main pipe without an
exit plate, the reversion to a Rankine vortex after the sound suppres-
sion is prevented by the reverse flow near the center. To minimize
the reverse flow, the test rig has to undergo major improvement.

Figure 29, (a) and (b), shows two suggested modifications of
the test rig; as shown in (a) the shape of the cold-end plug may have
to be changed in such a way as to accelerate the flow near the center-
line [35], like é centerbody of the radial turbine. The other (b) is

that the shape near the exit region may have to be changed considerably
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with the provision of a partially evacuated chamber installed at the
exit of the main pipe; the evacuation will be achieved by connecting
it to an ejector. These revisions are, however, beyond the scope and

hardware capabilities of the present investigations.
E. 1Investigation on Tuning Frequency

In the preceding work [3, 24], it has been tacitly assumed that
the tuned frequency for a given acoustic cavity length corresponds to
the fundamental frequency of the vortex whistle. This was done in
spite of the fact that, according to quarter wavelength resonator
theory, considerable discrepancy was found to exist.

In the present thesis, this point was examined more carefully
by creating a white noise and identifying the resonant tuned frequency.
It was found that the supply of a white noise can be facilitated by
installing a ring with an opening of 0.3 inch diameter between the
swirl generator and the main pipe.

Figure 30 shows the frequency spectra for 1 3/8 inches acoustic
cavity length corresponding to different mass flow.

Now if one assumes that the acoustic cavity acts as a quarter
wavelength resonator, the tuned frequency, ft’ in the absence of the

grazing flow, is given by

ftl = al4y, ftn = (2n - 1) ft1 (25)

where a is the speed of sound, 2, the cavity length, and n = 1, 2,

3
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The first dip of Figure 30 indeed corresponds to tuned frequency

£ the second to ft with n = 2, the third to ft with n = 3, and so

tl’ 2 3

forth. The tuned frequency ftl is seen to remain almost the same
regardless of the increase of the mass flow. Increasing the velocity
of the grazing flow, in general, is known to increase the acoustic
resistance of the cavity orifice [36, 37, 38], and decrease the
resonant frequency [39]. When one observes carefully the shift in the
position of the dip, the easily identifiable one being ft4 = 7ftl’ it
can be recognized that the tuned frequency decreases as the mass flow
is increased, but the amount of such a decrease is extremely small.
Thus one can regard the resonant frequency as almost independent of
the flow velocity. Even after the ring is removed, the tuned fre-
quency of the vortex whistle is equal to these ftn and they appear to
be in good agreement with a quarter wavelength model.

Figure 31 shows the measured tuned frequency of the vortex
whistle corresponding to the different acoustic cavity length. The

results show fundamental, f,., and second harmonics, 2f of the

11 I

one obtained from the previous small test rig [3, 24], with its main
pipe diameter equal to 11/16 inch as well as from the present one with
2 inches diameter. The solid line corresponds to the values calculated
according to the quarter wavelength theory. From this it appears that,
contrary to the previously held assumption, the second harmonic rather
than the fundamental is suppressed for a given acoustic cavity length.
Once the second harmonic is suppressed, the third harmonic also dis-
appears because the latter is for the most part generated by the

interference between the second and fundamental frequency. The sound
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level of the fundamental frequency decreases also, as the result of
its generation due to the subtracting interference between the third
and second harmonics, f11 = 3f11 - 2f11.

It is easy to understand why the second harmonic rather than
fundamental frequency corresponds to the tuned frequency of given
acoustic cavity length, because the second harmonic approaches ftl of
Figure 30 before the arrival of the fundamental frequency. However,
it is not clear why the other higher harmonics, for instance, the

third harmonics, when it hits ft --and this happens before the arrival

2
of the second harmonics--does not become suppressed.

As just described, after the sound suppression, the second
harmonics almost completely disappears, while the sound level of the
fundamental frequency f11 becomes reduced. What is interesting is
that at this moment a new peak pops up, with its frequency located
somewhere between the fundamental and second harmonics, as pointed
out in connection with Figure 22(h). This frequency, f21, is found
to be |m| = 2, by examining a Lissajous figure, shown as Figure 22(i),
as mentioned in Section IV-A. At present, except for its tangential
wave number, the precise nature of f21’ which is incommensurate with
fll’ is unclear. It appears to be related to the similar incommensu-

rate frequency observed in the unsteady regime of Taylor vortex flow

[40], a wave phenomenon still not well understood.
F. A Newly-Found Phenomenon

While we were conducting these experiments, we accidentally

stumbled on a new phenomenon. When the solid main pipe with an exit
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plate of 0.3 inch diameter was used as the test section, then above a
certain pressure, the spiky pure tones different from the vortex
whistle emerged. As Figure 32(a) shows, the frequency of these pure
tones were almost independent of the inlet pressure. So this cannot
be the vortex whistle, whose frequency increases as the inlet pressure
is raised.

At the low inlet pressure, the pure tone is not present, and
the temperature of the main pipe is almost the same as that of the
inlet. As the inlet pressure is raised and at the moment when the
pure tones suddenly emerged, the temperature of the main pipe near
the exit became warm; it became hotter as the inlet pressure was
increased. The one near the inlet (Z = 2 inches, corresponding to
1.2 inches downstream from main pipe inlet) remained almost the same.

Figure 32(b) shows these temperature data: one measured near
the exit (Z = 4.1 inches, corresponding to 0.9 inch upstream of the
main pipe exit), and the other near the inlet (Z = 2 inches).

Figure 33 shows another frequency spectra and temperature data
corresponding to 0.8 inch exit opening diameter. The frequency spectra
are slightly different from the one with 0.3 inch exit diameter.

It is possible to relate these frequencies to that of the
cylindrical modes. Since the frequency is not significantly affected
by the pressure of swirl, one may take a simplified situation where
the flow is absent. The wave equation for the perturbed velocity

potential, ¢, takes the following form in cylindrical coordinate,
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with the boundary condition,
=0 at r = r_- (27)

The solution can be expressed in terms of the Bessel function

¢ = c eimt sin (mH) Jm (g-r). (28)

The boundary condition on the wall yields

w W B
mt+1 Cg ro) - Jm—l Cg ro) = 0. (29)

Figure 34 shows the various modes of cylindrical waves. By mak-
ing comparison with the frequency spectra, the frequency corresponding
to 0.3 inch exit opening diameter can be identified as that of f*ll,
and the one with 0.8 inch exit opening diameter as f*oz.

This phenomenon occurring in the present test rig appears to be
very interesting. This does not happen when the porous main pipe is
used, even when the length of the acoustic cavities are reduced to
zero.

This phenomenon is evidently indicative of a new type of
acoustic streaming and may be related to a Hartmann-Sprenger tube
(14, 15, 41]. But the detailed investigation of this is the outside

scope of the present study and will be left to a future investigation.
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CHAPTER V

CONCLUSIONS

The experiment was conducted with the upscale version of the

vortex test rig. By measuring the radial profile of flow field and

the sound signal, the following results are obtained:

e

The Rankine vortex is found to exist in the vortex tube
with the porous main pipe when its exit area is partially
closed. The total temperature in the radial direction

is almost the same except in the core region near the
centerline, and in this case the vortex whistle is not
observed.

By gradually increasing the exit area, the Rankine vortex
changes to one resembling a forced vortex. The vortex
whistle, though its sound pressure level is low, begins
to emerge, and the total temperature separates in the
radial direction. The transitional exit area correspond-
ing to a change from a Rankine vortex to one reminiscent
of a forced vortex is between 0.8 inch and 1.0 inch.

The forced vortex is clearly observed in the fully open
exit area, where the shrill vortex whistle exists; the
forced vortex occupies the entire tube, except for the
boundary layer near the periphery wall. Corresponding

to the presence of the vortex whistle, the total tempera-

ture separates in the radial direction.
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4. When the sound is suppressed in the main pipe with the fully
open exit area, the shrill vortex whistle suddenly changes
to a muffled hiss. At that moment, the total temperature
separation becomes reduced substantially. The forced
vortex, however, does not revert to a Rankine vortex. This
appears to be due to the effect of the entrainment of ambi-
ent air without swirl into a core region. This adverse
effect of the entrainment was confirmed by injecting an
artificial backflow into the Rankine vortex flow field and
observing its change into a forced vortex type.

5. The second harmonic of the vortex whistle, rather than the
fundamental, appears to be suppressed with an acoustic
cavity.

6. When the solid main pipe with partially closed open area
is used as the test section, a new type of heating effect
associated with generically different pure tone was found.
But details of this new phenomenon are not clear as yet.

7. It can be concluded that acoustic streaming is a major
mechanism of the temperature separation in a vortex tube.

The experimental data and the errof estimation of these measure-

ments are shown in Appendices C and D, respectively.
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APPENDIX A
LISSAJOUS FIGURE

Consider a situation where two microphones, (X) and (Y), are
placed at the same axial and radial position near the exhaust of the
main pipe, but its relative position in the circumferential 6 direc-
tion is different. When (X) is placed at 6 = 0 and filters only a
signal with a frequency equal to w, its output may be represented,

without loss of generality, as
x = cos (wt). (A-1)

If (Y) is placed at 6 and filters a signal with a frequency equal to

nw, its output becomes
y = cos (nwt - |m|6 - ¢) (A-2)

where m is wave number of fundamental frequency, n is an integer denot-
ing higher harmonics (n = 1 corresponds to the fundamental frequency,
n = 2 to the second harmonics, and so forth) and ¢y is the phase lag
between (X) and (Y) signals.

If (Y) microphone filters also the fundamental frequency, then
n=1and ¢ = 0. Eliminating time, t, from equations (A-1) and (A-2),

one obtains
x2 - 2Xy cos (lm|6) + y2 = sin2 (|m’6) (A-3)

This equation, in general, represents an ellipse in x-y plane.
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In the special case, if 8 = 180° for Iml =1 or 6 = 90° for

|m| = 2, then |m|6 = 180° and (A-3) becomes
x +y = 0. (A-4)

This represents a straight line, inclined 45° and lying in the second

and fourth quadrant of x-y plane.

As another special case, take 8 = 90° for |m| = 1 or 8 = 45°

for |m| = 2. Then |m|6 = 90°, and (A-3) becomes
w gl (A-5)

This represents a circle in x-y plane.

If (Y) microphone filters the second harmonics, then n = 2.

Eliminating time, t, from equations (A-1) and (A-2),

(2x2 - 1)2 - 2(2x2 - 1) y cos (|m|6 + ¢) + Y2

I (|m]e + v) (A-6)

90°, ¢y = 90°, then |m|8 + ¢ = 90°, which means two fre-

When m = 2, 6

quencies are at right angle to each other, equation (A-6) becomes
22 — - hy = 1. (A=7)

This represents a trajectory shaped like w,
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One can show quite generally that if there is a reverse flow,

then even after the sound suppression, the tangential velocity distribu-

tion does not return to a Rankine vortex.

Take an axisymmetric inviscid flow, for an ideal case where the

vortex whistle is completely suppressed, the flow can be considered to

be steady. Assume also that the flow does not change in the axial

direction. Then the following inviscid energy equation

is reduced to

Furthermore, from the radial equilibrium of motion,

DT _ 1 Dp
°p Dt o Dt

dr _ 1 dp
C. =T e .
p dr p dr

From equations (B-2) and (B-3)

The total temperature, T%*,

Cc

P

T*

v. _1ldp
T p dr °
" d_T=V_2
p dr T

is related to T by

1 2 2 2
cpT + 5 (W™ + v+ w).

(B-1)

(B-2)

(B-3)

(B-4)

(B-5)
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When one neglects u, which is small compared with v and w, then dif-

ferentiation with respect to r yields

2 2
dT* _ 4T , 1 ,dv° , dw B
Cp dr Cp ar T2 Y3y ta) (B-6)
Substituting equation (B-4) into equation (B-6)
2 2 2
*
LI Ev,  dv_ (B-7)

14
p dr r2 dr 2 dr

The total temperature in the absence of the vortex whistle should

be constant, so that equation (B-7) becomes

F R SN Y- S
dr 2 dr °
Since w + constant in the radial direction, then
d r2V2
= ) + 0. (B-9)

Thus, the flow cannot form a free vortex even in the inviscid region
outside of the core.
Thus, when there is a reverse flow region, the flow cannot

revert to a Rankine vortex even after the sound suppression.
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APPENDIX C
EXPERIMENTAL DATA

A complete listing of the experimental results of this investi-

gation is attached in this appendix.

Note
Patm: Atmospheric pressure
Pinlet: 1Inlet pressure (p*in)
Tinlet: 1Inlet total temperature (T*in)
Gin: Mass flow through orifice
Ein: Energy flux through orifice
R/Rw: (= 1)

THETA = o + 180°

DELTA THETA: Absolute angle to compensate the relative

angle THETA



Table 3

Data for this Experiment

Test HO.

328

N=2 NN=17 Patm=14.53 psia Pinlet=46.89 psia Tinlet=47.9 deg. F
Gine®.1824 1bm/sec Goute=g.1418 1bm/sac GPout=8.1236 Ibm/sec GDout=g.1758 lbm/sec
Ein= §.222€+A2 8tu/sec Eoute F.173E+92 Bru/sec ODOPout= B.152E+82 Btu/sec EDout= F.215€+32 Btu/sec
DS« g.192E-4! Btu/R.sec DSP= #.113tE-81 Btu/R.sec 0SD« #.133E-81 Btu/R.sec
DELTA THETA= 8.9 DEG
BASED ON PT PS AND THETA
R/Rw Pt P vt Va 0Tt DTs it Ts THETA 0s Glpsqin)
psia psia ft/sec ft/sec deg deg f deg F deg deg Btu/1bmR 1bm/sec
8.992 17.89 15.89 3gl. 249. 11.98 =16.2 57.9 39.8 236.9 98.9696 8.14816
B.969 18.89 16.85 391. 236. 18.9 -7.3 56.5 39.2 233.9 £.868% d.14228
8.945 17.97 15.96 393. 228. 9.8 =812 55.5 38.3 239.9 £.£686 #.13693
8.92 17.81 15.88 3913 . 218. 5.5 -11.3 S1.5 35.7 241.9 2.9673 8.12612
#.902 17.59 15.93 365. 195. 4.0 -18.2 Sg.¢2 35.8 241.9 £.2675 8.11742
5.882 17.43 15.98 351. 187. 2.5 -18.7 48.5 35.3 241.9 9.3674 8.11273
9.843 16.89 15.58 332. 178. =1l .5 - 18l.8 44.5 33.9 242.9 9.8676 8.198353
2.764 16.83 15.18 294. 125. =16.1S -15.3 39.5 31.8 246.9 B.4688 8.97222
£.685 15.27 14.65 258. 87. -11.3 -16.8 35.8 29.2 259.9 B8.8783 2.81863
g.6£6 14.73 14.35 233. SS. -le.8 =187, 17 3.9 28.3 2%4.9 9.8713 8.82g21
#.528 14.25 14.10 134. E)o -15.3 -16.5 31.9 29.5 267.9 9.2728 8.94266
8.449 14.13 14.81 78. -96. ~NiS..IS -16.7 39.5 21943 323.9 9.8731 -2.25i83
8.378 14.13 13.98 49. ~Hh2e7 . -16.9 =47 .S 38.¢ 28.5 338.9 9.8729 -8.06824
8.291 ‘14.87 13.94 46. ~118. -16.5 -17.8 29.5 28.2 338.9 8.8729 -23.86341
g.213 14.87 13.93 47, 111225 -17.8 -18.4 29.8 27.6 338.9 8.0727 -2.£6528
8.124 14.01 13.88 45, =157 -17.8 -18.13 29.8 27.7 338.9 8.8729 -3.06256
9.855 14.81 13.89 43. =15l . -17.8 -18.2 29.8 7.8 338.9 8.8738 -9.859S2
BASED ON DP/DR PS AND THETA
R/Rw Pt Ps LAY Va 0T DTs Tt Ts THETA oS Glpsqin)
psia psia ft/sec ft/sec deg deg F deg F deg deg Btu/1bmR lbm/sec
#.969 16.9S 16.05 8. 8. 18.8 18.8 56.5 6.5 233.9 8.2768 8.289089
8.945 18.36 15.96 427. 247, 9.8 -11.2 55.5 35.3 239.9 £.8671 g.14944
g.921 16.26 15.88 178. 9i5. 5.5 2.1 S1.5 48.1 241.3 £8.38736 #.€5559
8.%92 135398 15.93 z. g. 4.8 4.8 59.3 58.3 241.9 8.8743 8.8p938
8.882 19.57 15.98 523. 379 . 2.5 -26.8 48.5 19.2 241.9 8.8595 8.17372
§.843 19.58 15.58 S46. 2849. =J1.1S 32019 44.5 13.1 242.9 @.3578 9.17263
g.764 17.92 15.18 492. 2143. -6.5 -38.4 39.5 15.6 246.9 9F.8612 Z.12585
g.685 16.56 14.65 427. 148. -11.8 -28.8 35.8 18.8 258.9 B.8644 8.98505
8.6£6 15.52 14.35 358, 94. -14.9 ~24.9 32.8 21.1 254.9 9.9674 B.85276
8.528 14.67 14.18 258. 9 -15.8 -28.6 31.8 25.4 267.9 £8.8798 g.26516
9.449 14.53 1¢.31 145. -198. =15 .15 -28.5 38.5 25.5 323.9 8.3712 -2.19734
8.378 14.67 13.98 182. -265. -16.8 =217, 38.8 2813 338.9 9.8783 -8.14392
8.291 14.28 13.94 772 -187. -16.5 -19.8 29.5 26.2 328.9 £.8719 -J.10944
#.213 14.23 153193 68. ~176. -17.9 -28.8 29.8 26.3 338.9 8.8719 -8.89478
8.134 14.98 13.88 43. =TSR -17.8 -18.2 29.9 27.8 338.9 8.8738 -3.85999
BASED ON DIFERNTIAL EQUATION
R/Rw Pt Ps Ve vVa DTt 0Ts Tt Ts THETA oS Gi{psgin)
psia psia ft/sec ft/sec deg deg F deg F deg deg Btu/lbmR 1bm/sec
g.992 17.89 15.41 427. 278. 11.8 -19.6 57.2 35.4 236.9 £.869§ 8.16236
8.969 18.89 15.32 168 277. 18.9 ~l14.8 56.5 32.5 238.9 8.9686 g.16167
8.945 17.97 15.23 463. 269. 9.9 -14.9 55.5 31.6 239.9 #.35886 #.15593
g.921 17.81 15.13 467. 249, 5.5 -17.8 Sili.S 28.2 241.9 8.8673 g.14432
8.982 17.59 15.84 457. 244, 4.3 -18.3 sg.8 7.7 241.9 2.967S 8.14194
8.882 17.43 14.96 451 . 241. 2.5 -19.2 48.5 26.8 241.9 2.9674 2.13878
8.843 16.39 14.81 421. 216. -1.5 —2ore 44.5 25.8 242.9 9.48876 g.1232t
8.764 16.23 14.53 37s. 163, -6.5 -28.4 39.5 25.% 246.9 £.P4688 9.88979
#.685 15 247 14.38 J14. 189. -11.8 -28.2 35.8 25.8 258.9 @€.98793 3.86234
8.6986 14.73 14.13 256. 69. -14.8 J19.. 8! 32.98 26.2 254.9 B8.9718 g.£3758
B.528 14 .25 14.92 167. 6. =S . 3 =57 .13 31.8 28.7 267.9 8.8728 8.808329
B8.449 14.13 13.97 83. =118 =15 15 =J197" .81 38.5 28.9 323.9 8.8731 -£.36278
8.379 14.13 13.95 Si3). = 13j7 -16.98 -17.8 38.8 28.2 338.9 #.8729 -3.87333
. g.231 14.27 13.94 45. -116. -16.S -17.8 29.5 28.2 338.5 @.8729 -2.086222
8.213 14.87 31398 47. -t121. -17.8 -18.4 29.9 27.8 338.9 8.9727 -8.956481
g.134 14.41 B 902 38. -99. -17.8 8709 29.¢ 28.1 338.9 9.873F -0.85348
#.855 14.91 13.89 a3, =S -17.8 -18.2 29.9 27.8 338.9 9.8738 -3.95952
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Table 3 (Continued)

Test NO. 921 Ne2 NN=17 Patm=14.53 psia Pinlet=46.91 psta Tinleted6.3 deg. F

Gin=g.1898 1bm/sac Gout=9.1713 1bm/sec GPout=2.1863 lbm/sec Glout=#.1896 1bm/sec
Ein= F.239E+82 Btu/sec Eout= B.2!FE-42 Bru/sec CPout- B.225{+82 28tu/sec EDout> §.232E+92 Btu/sec
0S= #.116E-¥1 Btu/R.sec DSP= g.161E-J1 Btu/R.sec 0SD~ Z.136E-81 Btu/R.sec
DELTA THETA« 2.1 DEG
BASED ON PT PS AND THETA
R/Rw .

P Ps vVt Va 0Tt D7s Tt Ts THETA 0s Gl(ps=atn)

psta psia ft/sec ft/sec deg deg f dag F deg deg Btu/1bmR lbm/sec

#.992 18.17 15.77 378. 316. 3.9 =17.02 49.9 28.8 238.1 g2.8664 8.1918s
#.969 18.49 15.45 437. 340. 4.8 .1 S 59.8 24.5 232.1 8.9657 8.283483
B.945 18.49 15.45 448. 325. 3.8 =22.5 49.8 23.5 234.1 @.B8652 8.19449
g.921 18.39 15.37 447. 324. TSE] =239 47.5 22.1 234.1 P9.9649 3.19354
g.952 18.15 15.37 .436. 384. 8.5 e 46.5 22.9 235.1 8.9653 g.18158
#.882 17.95 15.46 418, 281. -£.5 -21.6 45.5 24.4 236.1 8.8656 g.16818
8.843 17.43 15.34 4a9g. 239. -3 =21.1 43.8 24.9 239.1 g.2664 g.14187
B.764 16.23 14.85 3419’ 169. -8.9 -28.5 38.9 25.5 244.1 9.2689 2.29781
8.685 15.23 14.35 391, W -M2LS -2d.8 313 55 25V..2 252.1 a.971! 3.45398
g.686 14.47 14.96 pars ) d 245:.15 -19.6 38.5 26.4 265.1 9.8732 8.81919
g.s28 14,13 13,93 1389 o/ 15 =il6.5 -18.5 8915 27 'S 297.1 ©.8743 -3.£3822
B.449 Lapls 13.98 91 -lat. -16.5 -18.9 29.5 27 .1 327.1 B.9743 -8.£27546
9.378 14.19 13.92 SIS =22, =Hj5% S -18.2 8.8 .27 .18 342.1 9.8743 -3.39285
8.291 14.23 13.96 56 = Iw? 3 -14.5 =12.3 3.8 28.2 342.1 ©.2746 -2.29293
8.213 14.29 18). 95 28 -221. 21 8). -16.4 33.8 29.6 352.1 8.8752 -8.197¢€8
8.134 14.31 13.95 29, -298. -14.8 =135 4.2 39.3 352.1 8.8756 -8.11268
8.855 14.29 13.99 58] =216. -11.3 -14.9 34.8 39.1 362.1 £.8757 -8.11474

BASED ON DP /DR PS AND THETA

R/Rw Pe s vt Va 0Tt 0Ts Tt Ts THETA 0sS Gl(psqin)
psia psia ft/sec ft/sec deg deg F deg F deg deg Btu/lbmR lbm/sec

8.969 21.51 15.45 587. 457, 4.8 -42.8 $8.3 4.9 232.!1 98.8553 8.29513
8.945 16.74 15.45 391. 218. 3.9 -8.5 49.8 37815 234.1 2.8721 3.12693
8.921 16.72 15.37 398. 2243 . 1§45 -18.6 47.5 354 234.1 8.871s #.12983
8.942 1I5% 317 15.37 8. 2. 2.5 B8i.1S 46.5 46.5 235.1 9.8763 g.zgoee
p.882 15.78 15.46 1§57, 185. 19,5 -3.5 45.5 42.5 236.1 B8.8745 8.86873
2.843 18.49 15.34 481 . 288. -3.8 -a9.1 43.9 16.9 239.1 @©.362¢ a.17347
8.764 18.82 14.85 S19. 248. -8.8 -34.8 38.9 1.2 244.1 B9.8618 Z.l4627
8.685 16.35 14.35 443, 143. =R 45 -39.%5 813 J5 15.5 252.1 9.8663 B.238rC38
8.686 14.98 14.96 319, /8 JISNS =23.[6 38.5 22.4 265.1 8.8212 8.31458
#.528 14.27 '3 198 183. =39f2r. -16.5 <1899 239 25 26.1 297.1 ©.8736 ~J.£43S8
B.449 13.94 13.98 38. -58. -16.5 -16.9 28ms 21951 327.1 8.8753 -8.83137
g.379 153 ..9%2 13.92 g. B. -15.5 -15.5 38.3 39.8 342.1 £.3756 3.£38860
8.291 13.96 13.96 8. 8. -14.5 -14.5 31.8 31.8 342.1 B8.8759 8.20398
8.213 14.26 13.95 27. ~-193. -13.8 -16.1 33.8 29.9 352.1 8.8754 -d.18278
8.134 14.93 13.95 45. =335k -12.8 <2115 34.9 24.5 352.1 B8.8727 ~£.184886

BASED ON DIFERNTIAL EQUATION

R/Rw Pt Ps vt Va 0Tt 0Ts T Ts THETA 0S Gipsqtn)
psia psia ft/sec ft/sec deg deg F deg F deg deg Btu/lbmR Ibm/sec

#.992 18.17 15.41 487. 348. 3.8 -28.5 49.8 25.5 238.1 B8.8664 8.28251
8.969 18.49 1% 313 446 347. 4. 12217, 5d.4 B3 232.1 8.8657 B3.28657
8.945 18.49 15.23 465. 337. 3.8 =4S 49.8 21.5 234.1 B8.8652 F.15962
#.921 18.39 15.13 466. 337. 1.5 -26.8 47.5 28.8 234.1 B8.9649 g.19928
8.942 18.15 15.85 462. 322. 2.3 -26.9 46.5 28.8 235.1 8.9553 g.18949
g.882 177,95 14.96 461 . 318, -8.5 -26.2 45.5 19.8 236.1 8.9656 g.18129
g.843 17 A8 14.79 452. 271 . =3, -26.1 43.89 19.9 239, 1 #.09664 g.15627
8.764 16.23 1a.47 395. 192. ~8.8 ol ! 38.9 219 244.1 8.3589 3.148328
2.685 15.23 14.22 323. 194, =iass =22 1 38. 5 23.9 262.1 B8.8711 8.95753
8.646 14.47 14.96 2289. 19. -15.5 -19.6 38.5 26 .4 265.1 98.8732 g.21822
#.528 14.13 13.98 129. =6Jll. -16.5 -18.8 219.5 28.9 297.1 B8.8743 -98.83296
B.449 14.13 13.95 8g. ~ 1123 -16.5 -18.3 2495 27" 0% 327.1 &.8743 -9.2662!
8.379 14.19 13.94 S4. ~166. = SIS -18.8 39.9 475) 342.1 9.8743 -9.€3914
8.291 14.23 13.92 59, -183. -14.5 = 1§28 6 Jl.g 27.9 314 2 J.8746 -~8.29773
©og.213 14.29 15391 29. 2l . -13.8 -16.8 33.8 29.2 352.1 B.8752 ~-8.11246
g.134 14.31 13.91 39. -218. -12.8 -16.8 34.8 3g.8 352.1 @8.8756 -9.11621
#.955 14.29 13.92 -8, -216. R E -14.9 34.8 38.1 362.1 B8.8757 -9.11474
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Table 3 (Continued)

Test NO. 922 R=2 NN=17 Patm=14.53 pata Pinlet=46.89 psta Tinlet=46.5 deg. F

Gin=g.1825 1bm/sec Gout=2.1523 1bm/sac GPout=£.1783 1bm/sec Glout=g.1858 1bm/sec
Etn= §.222E+82 Btu/sec Eoute F.189E+32 Btu/sec (Pouts= B.21JE+02 Btu/sec EDout= 8.229€+82 Btu/sec
0S= #.997E-£2 Bru/R.sec OSP= £.132£-81 Btu/R.sec DSD= #.128E-31 Btu/R.sec
DELTA THETA= 1.4 DEG
BASED ON PT PS5 AND THETA

R/Rw Pt Ps 2% Va 0Tt DTs Tie Ts THETA DS Gipsatn)
psia psia ft/sec ft/sec deg deg F deg F deg deg Btu/1bmR lbm/sec
#.992 28.13 17.73 432. 189, 14.8 -4.5 60.9 41.5 246.4 8.9631 #.12536
8.969 29.27 17.75 431. 216. 13.5 -5.8 59.5 40.2 243.4 9.9624 g.14372
8.945 28.29 17.78 437. 2JLs . 12.8 -2 .18 58.8 88.1 243.4 9.8616 #.14578
8.921 2811 17.68 444, 185, 18.8 =933 56.2 36.7 247 .4 9.9613 g.12385
8.982 19.93 17.52 437. 182. 8.5 -18.1 S54.5 3S.. 9 247.4 8.8612 g.12851
7.882 19.65 17.32 437. 164. 6.9 =i .l 52.9 313719 249.4 g8.2618 g.18812
B.843 19.19 17.08 432. 146. 3mg -14.3 49.9 81.7 251.4 9.36!3 8.89443
B.764 18.87 16.35 398. it -4.8 -18,2 42.8 27.8 254.4 B8.8621 g.86991
g.685 17.85 15.66 372. 78. -1g.9 Sieall .19 36.9 24.1 259.4 9.8632 g.84231
9.686 16.13 15.492 43 49. -15.8 -24.9 31.8 2.1 263.4 g.8645 8.8:2332
g.528 15.13:1 14. 44 311%2. 2 -29.98 -28.1 26.8 17.9 271.4 2.9656 -9.00424
g.449 14.65 13.95 282. -31 -24.8 -318.7 22.3 HERS] 276.4 8.3667 -8.81732
8.379 14.13 13.57 252. =S0 -28.4 =3B .15 18.8 12.5 281.4 9§.9672 -8.82734
8.291 1.3.7'S 13.2 224. -88. o] -27.8 13.8 8.2 291.4 2.08665 ~-2.74652
85218 13.47 13.46 208. -82 -39.49 -43.2 7.8 2.8 291.4 g.9649 -9.C4313
g.134 13.23 12.88 192. =79 ~45.9 -48.5 1.8 =2015 291.4 8.8633 -9.¢3965
B8.855 12.95 12.69 155, -94 -48.8 -58.7 -2.9 -4.7 381.4 9.8629 -9.34925
BASED ON DP/DR PS AND THETA
R/Rw Pt Ps vt Va 0Tt DTs Tt Ts THETA 0S Glpsqin)
psia psta ft/sec ft/sec deg deg F deg F deg deg Btu/lbmR 1bm/sac
B8.969 18.17 17.75 181. 91. 13.5 18.1 59.5 56.1 243.4 8.9699 8.85847
g.945 19.67 17.7¢2 384. Y935 12.8 ~3.4 58.9 42.6 243.4 9.0538 g.12726
£.921 19.93 17.68 429. 1§719% 18.9 -8.8 56.9 38.8 247.4 9.9619 g.11855
8.982 21 .56 17.52 5543. 229. 8.5 -21.1 54.5 24.9 247.4 F.8559 g.155478
£.882 20115 17.32 684, /8 §.8 ~28.7 52.9 17.3 249.4 8.8529 g.15474
B.843 21.21 17.e9 584. 195. 3.8 -28.2 49.8 17.8 251.4 g.8544 8.13838
g.764 2¢.13 16.35 568. 159, -4.9 ~33.8 42.8 13.9 254.4 B.8547 8.18299
8.685 18.85 15.66 S45. 192, -18.8. ~=35.6 36.8 18.4 259.4 F.8563 9.26383
8.636 17.55 15.82 583. S8. -15.8 -36.13 3.8 C) g 263.4 9.858% 9.33582
g.528 16.31 14.44 446, =, -28.3 -36.6 26.9 9.4 271.4 8.8813 -8.£0518
g.449 1.5k 215 1.3). 98 378. -42, -24.8 -36.9 22.8 12.8 276.4 B9.364J -3.82351
8.374 14.43 1338 5% 389. -62. -28.9 =36 .3 18.8 9.7 281.4 8.9657 -8.£3379
£.291 13.82 13.27 249. -94. -32.8 ~Bi8rS 13.9 7.5 291.4 P9.8662 =-8.84991
g.213 13.36 13.86 178. -79. =39.9 -42.1 7.9 3.9 291.4 9.8654 -9.83686
g.134 13.87 12.88 139. -54., -45.8 -46.9 1.8 -9.9 291.4 $§.9639 -8.92863
BASED ON DIFERNTIAL EQUATION
R/Rw Pt Ps vt Va DTt 0Ts Tt Ts THETA DS Glpsqin)
psia psia ft/sec ft/sec deg deg F deg F deg deg Btu/lbmR 1bm/sec
#.992 28.13 16.82 512, 224. 14.9 -12.9 69.9 34.9 246.4 2.8631 g.14394
7.969 20.27 16.79 SILO. 263. 13.5 -14.5 59.5 31.5 243.4 9.8624 3.16563
8.945 29.29 16.56 5347. 266 . 12.8 S0k 2 58.4 28.8 243.4 2.9616 7.16866
8.921 29.11 16.42 S46. 227 19.9 -JP.1 56.8 26.9 247.4 g.9613 J.14374
8.3982 19,93 16.29 S543. 226. 8.5 -28.3 54.5 25017 247.4 98.8612 F.14234
9.882 19.65 15.16 S41. 284, 6.8 -21.8 s2.9 24.2 249.4 £.9618 g.12741
g.843 19.19 N9 53S5. 189. 3.7 ~23.6 49.9 22.4 251.4 8.8613 8.11156
8.764 18.87 15.41 499. 149, -4.2 -26.4 42.8 19.6 25d4.4 9.962! g.908437
#.685 17.85 14.94 462. 87. -19.2 -28.4 36.9 17.6 259.4 2.8632 7.85481
9.636 16.13 14.52 416. 48. -15.8 -29.6 3.8 16.4 263.4 B.2645 3.02759
g.528 15.31 14.14 362. 295 -28.9 -39.9 26.9 15.1 271.4 B.2656 -B.04d48S
g.449 14.65 13.83 306. -34. -24.3 1319 2. B 14,1 276.4 9.9667 ~-8.£1868
9.3798 14.13 13.58 251, -S9. -2%8.3 <1381 45 18.8 192615 281.4 @.9672 -3.827.9
g.291 3. 75 13837 i98. -78. =133 19 -36.8 13.¢ 9.R 291.4 9.8665 -J.84146
B.213 13.47 13.2 179. -66. -1819,.9 -41.8 7.8 4.2 291.4 9.8649 -9.83536
g.134 168311213 13.98 NSV =16l -45.9 -47 .4 1.2 1. 4 291.4 9£.8633 -9.83256
8.855 1298 12.869 155. -94. -48.8 -59.7 =K. B, -4.7 381.4 £.8629 -9.84325
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Table 3 (Continued)

Test NO. 923 N=2 NN=17 Petm=14.53 psta Pinlet=46.92 psia Tinlet=45.5 deg. F

Gin=g.1888 lbm/sec Gout=g.1781 1bm/sec GPout=2.1599 1bm/sec GDout=#.1912 1bm/sec
Efn= §.229E¢82 3tu/sec Eout= 9.289E+82 Btu/sec DPout= Z.195E+82 Btu/sec EDout= F.234E+82 Btu/sec
0Se 9.188€-81 Btu/R.sec DSP= 9.13BE-J! Btu/R.sec D0SO= @.129E-91 Btu/R.sec
DELTA THETA= 9.8 DEG
BASED ON PT PS AND THETA
Pt

R/Rw Ps vt Va 0Tt 0Ts Tt Ts THETA DS Gipsain)
psta psia ft/sec ft/sec deg deg f deg F deg deg Btu/lbmR ibm/sec
#.992 19.37 16.43 463. 259. 4.8 -19.4 58.8 26.6 248.8 9.3628 8.16432
B.969 19.65 16.48 485. 271. 3.9 w2 a7 49.8 2353 249.8 8.9613 8.17243
8.948 19.67 16.38 487. 273. .45 -23.4 48.5 22.6 249.8 9.86180 8.17341
8.921 19.57 186.32 485. 271. 1.9 =2 4. 2 47.8 21.3 240.8 9.8687 8.17233
8.982 19.47 16.24 493. 254 . 1.8 -24.6 46.5 28.9 242.8 98.9688 B8.16R69
g.882 19.29 16.11 491. 253. 8.8 ~25.4 415\, 5 28.1 242.8 9.8639 g.15897
8.%643 18.83 15.74 Sal. 2215, ~2.8 =2, 1 43.5 18.4 2¢5.8 0.¢616 2.13911
8.764 17.61 115 152 435. 152 -6.5 -24.2 29.8 2'1.3 259.8 F.8641 8.89173
8.685 16.37 14.97 376. 95 -11.8 H2BHS 34.5 22.8 255.8 9.8669 8.85544
8.636 15.25 14,34 3119 . 24. -16.98 -24.5 9.5 21.8 265.8 8.4693 8.81316
8.528 14,45 13.93 245. =125} -28.5 -RISi55 25.8 29.8 275.8 g.8788 -3.81349
g.449 13.99 13.68 173. ~-84. -24.89 =Ri71 21.5 - 18.4 29%.8 ©£.8713 -§.g44848
8.378 13.83 13.56 115. -l141. =25,.'S -28.3 8.8 17..2 328.8 9.8713 -8.27S1S
g.291 13.83 13.¢54 62. -178. -25.8 -28.8 6.1 17.5 340.8 B8.8716 -2.£945S1
a2 183! 13.87 113 .55 49. -1'9j2. -24.8 27 .3 21.5 18.2 345.8 9.98719 -9.1g212
g.134 13.95 #3559 33. -286. -23.8 -26.6 /2115 18.9 358.8 9.8728 -8.18935
7.855 131, 919 13.69 =3, -218. -21.9 =25.98 .5 29.5 362.8 9.8728 -8.11598
BASED ON DP/DR PS AND THETA
R/Rw Pt Ps vVt Va 0Tt DTs Tt Ts THETA 0s G(psain)
psia psta ft/sec ft/sec deg deg f deg F deg d4eg Btu/lbmR Ibm/sec
#.969 17.12 16.48 238. 1§3131 3.8 =18 92 49.8 42.8 248.8 49.8798 2.28154
B.945 17.45 16.38 288 . 161. .5 -6.6 48.5 39.4 248.8 9.9633 8.29317
8.921 18.48 16.32 819151, 221. 1.5 -15.6 47.8 29.9 248.8 ©8.9643 g.13894
g.982 19.59 16.24 496. 255. 1.8 -24.9 46.5 28.6 242.8 B8.8687 g.1614¢4
B8.882 21.28 16.11 686 . 312, 8.9 -38.7 45.5 6,8 2:2.8 9.8542 8.20171
g .343 18.38 15.74 467. 217, -2.8 -23.8 43.5 21.7 245.8 8.0633 8.:12864
3.764 1¥21. 73 15.32 446. 0 ERS -6.5 =351 39.¢8 28.4 259.3 @.985826 g.29428
8.685 17 .88 14.97 526. 1133). -11.8 -35.5 34.5 18.8 255.8 g.8689 8.£7957
8.686 16.45 14.34 474. 35. -16.8 -24.8 29.5 19.7 265.8 9.8612 8.21997
g.528 15.99 181a9'3 368. -36. -28.5 -31.4 25.8 14.1 275.8 B.3579 -9.22836
8.449 14.36 13.68 253!, =122, -24.8 -39.6 gL, - S, 14.9 295.8 9.8695 -J.J6636
2.373 13.99 13.56 143. ~176. =2S]. S -29.8 28.8 15.7 32¢.8 9.8786 -9.09382
8.291 13.63 13.54 3s. =181, -25.9 =215.19] 28.5 19.6 J4€.8 8.8726 -9.85333
8.213 13.55 133, 55 8. 8. -24.8 -24.9 21.5 21.5 345.8 8.873S 8.28988
8.134 18. 99 1%8. 59 a. a. -23.8 -23.8 22.5 22.5 358.8 8.8738 g.209088
BASED ON OIFERNTIAL EQUATION
R/Rw e Ps kA3 Ve DTt 0Ts Tt Ts THETA 0S G(psqin)
psia psia ft/sec ft/sec deg deg F deg F deg deg B8tu/1bmR 1bm/sec
8.992 19.37 16.22 488. 269. 4.8 123 - 2 Sg.98 24.8 248.8 9.8628 g.16858
8.969 19.65 16.11 S97. 284, 3.8 =25.1 49.8 28,.9 249.8 F.8613 8.17820
8.945 19.67 15.98 S18. 294. 2.5 -26.8 48.5 19.2 249.8 9.8618 B.i8118
#.921 19.57 15.85 Slell, . 291 1.8 -2(8'%2 47.8 17.3 249.8 9.9687 F.18143
8.582 19.47 15.73 533. 274. 1.8 -29.8 46.5 16.5 242.8 9.9688 3.16988
8.882 9. 29/ 15.61 S31. 273. 9.8 =R9.7 45.5 15.8 242.8 9.8609 g.16797
2.843 18.83 15.37 533. 249. -2.8 -38.4 43.5 15.1 245.8 B8.92616 8.14538
B.764 17.81 14.88 S82. 175. -6.5 -38.8 39.8 15.5 258.8 ©0.8641 g.18259
2.685 16.37 14.44 444, 113. -11.98 -28.5 B 4.5, 17.8 255.8 9.8669 8.86385
2.606 15.25 14.08 363. 27. -16.8 7 29.5 18.4 265.8 @4.3693 0.81488
g.s52 14.45 13.84 267. L8 S aS -26.5 25.8 19.9 275.8 9.8788 -8.91463
g.449 18.99 181,28, 67 =8l . -24.8 =261. 9 21.5 18.6 295.8 £.8713 -82.84338
8.378 18.83 13.65 95 SHIN G =151.5 =27.4 l8.8 i8.1 328.8 3.8713 -J.86213
g.291 13.83 13.62 52 -158. -25.9 =27.1 28.5 18.4 J4g.8 F.2716 -~8.25£32
g.213 13.87 13.61 LR -1722. -24.9 -26.6 2155 18.9 345.8 @.3719 -3.£9161
8.134 13.95 13.63 33 -283. -23.8 -26.5 22.5 19.38 358.8 23.37298 -8.1#813
8.4g55 13.99 13.68 =1 -218. -21.8 SR2.5PY2, 24.5 23735 368.8 98.3728 -d.11398
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Table 3 (Continued)

Test NO. 924 Ne2 KNe17 Patm=14.53 psia Pinlet=46.13 psia Tinlet=46.2 deg. F

Ginsg.1817 1bm/sec Goute#.1893 1bm/sec GPout=g.1939 lbm/sec GDout=g.1841 1bm/sec
Etne §.221E+82 Bty/sec Eoute O.219E-82 Bru/sec OPout= 9.236E£+02 Btu/sec EDouts B.224E+B2 Btu/sec
DS= 8.717E-82 Btu/R.sec DSP= 9.850€-82 Btu/R.sec O[SO= 9.768E-82 Btu/R.sec
OELTA THETA= -2.6 DEG
BASED ON PT PS ANDO THETA

R/Rw Pt Ps vVt Va DTt DTs Tt Ts THETA 0S Glpsqin)
psta psla ft/sec ft/sec deg deg F deg F deg deg Btu/1bmR 1bm/sec
8.992 28.79 19.89 619. - 25, 2.9 -24.4 48.8 11.6 247.4 9.2408 9.28048
£.969 7. 13 18.94 723. 274, 2.5 -47.1 48.8 -1.6 249.4 8.8373 g.21881
g.945 2y .21 18.57 753. 253, 1.9 =S1.5 46.5 -6.8 251.4 £.8364 8.19384
#.921 26.79 18.29 753. 238. -2.8 -54.9 43.5 =8].1S 252.4 8.8361 8.18117
8.9¢22 26.27 17.94 756. 225. -4.8 -55.8 41.9 -18.3 253.4 8.8364 #.16817
#.882 25.47 17.56 749. 289. -6.8 -56.3 391.S, -19.8 254.4 8.8376 3.15295
8.843 253V 16.63 742. 165. -11.9 =-59.1 34.5 -13.6 257.4 8.83399 #.11548
#.764 29.67 15.66 668, 76. -23.8 =£91.8 2rR!.5 -14.3 262.4 £8.8436 §.258836
3.685 18.41 15.17 552. 25. -313). 8] -58.4 12.5 =112.\9) 267.4 #.3465 8.81573
8.606 16.85 14.08 528. -4, ~41.8 -64.2 4.9 -19.2 2780.4 §.8182 -2.4924
8.528 15.57 13.69 446. =x2(7 . -46.8 -€2.7 20 5] =17 273.4 8.4513 -2.81554
8.449 14.49 12.87 424. -48. -53.8 -68.1 =17..1S -22.6 275.4 B.8526 -3.82225
g.378 13. 51 12.43 364. =35]. =59'. @ -78.1 -13.5 -24.6 275.4 9.3539 -8.91852
g.291 12.67 11.75 3l . =6l . -€5.8 -74.4 =9’ -28.9 288.4 B5.2553 -g.e&3114
8.213 12.83 11.28 305S. -56. -78.8 -78.8 -24.5 -32.5 288.4 @§.9561 -8.22778
g.134 11.45 19.89 262. -72. -74.8 -88.2 -28.5 -34.7 285.4 8.8573 -3 .22479
8.£55 1.t 19.71 RS, -65. -76.8 -8l.8 -38.5 -85 .S 285.4 3.8588 -8.93873
BASED ON DP/DR PS AND THETA
R/Rw Pt Ps vt Va DTt 0Ts Tt Ts THETA DS Glpagin)
psla psia ft/sec ft/sec deg deg F deg F deg deg Btu/ibmR 1bm/sec
#.969 39.43 18.94 1896. 3. 2.5 Si913).15 48.4 -48.8 249.4 g.8117 g.325¢7
9.945 26.73 18.57 735. 247. 1.8 -49.1 46.5 -3.6 251.4 £.8377 g.18828
8.921 26.76 18.29 752. 238. -2.9 -53.8 43.5 -8.3 252.4 9.2361 g.18984
8.982 28.84 17.94 8389. 249, -4.8 -67.6 41.5 =221 253.4 8.2331 g.19142
8.832 38.56 17.56 903 . 251. -6.8 -79.1 39.5 -33.6 254.4 8.325! g.1941¢
g.343 24.99 16.63 785. 1125, =l11.9 -64.9 34.5 -19.4 257.4 9.9368 g.12379
£.764 19 .55 15.66 593. 68. -23.8 -52.6 22.5 ~7.1 263.4 A.8474 8.04422
g.685 18.98 15.17 587. 26. -33.8 -61.8 12.5 Sle.1B 267.4 B8.8447 g.81685
8.686 0 o 14.88 5513 . -4, ~-41.8 -66.4 4.8 -21.4 278.4 €.8479 -8.98254
#.528 15.83 13.69 474. ~28. -46.08 -64.7 -8.5 =tl9/.2 273.4 £.£592 -8.81656
g.e29 14.77 12.87 456. -43, -53.8 -78.5 =415 -25.8 275.4 9.9513 -8.82:38
8.378 13.81 12.43 397. -38. -59.9 -5 -13.5 -26.8 275.4 8.8527 -9.32833
8.251 12.89 11.75 365. -67. ~65.8 -76.5 -19.5 -Bil.g 289.4 3.8542 -8.83454
£.213 11.89 11.28 275. -Sl. -78.9 -76.5 -24.5 -31.8 288.4 8.8578 -5.82498
B.134 11.15 19.89 181. -58. -74.8 -76.9 -28.95 ~31.4 285.4 §.8591 -8.82376
BASED ON DIFERNTIAL EQUATION
R/Rw Pt Ps vt Va DTt DTs Tt Ts THETA DS G(psqin)
paia psta ft/sec ft/sec deg deg F deg F deg deg Btu/l1bmR 1bm/sec
#.992 25.79 18.83 669. 278. 2.9 -41.7 8.9 4.3 247.4 B.24g8 g.21132
8.969 27.13 18.54 742. 279. 2.5 -49.9 48.9 ~4.4 249.4 8.8373 8.21258
8.945 27.23 18.21 771, 259. 1.8 -54.8 46.5 -8.5 251.4 2.9364 g.19569
8.921 26.79 17.88 776. 246. =12. 8 = 5%7..11 43.5 =11.6 252.4 2.8361 8.1833
g.982 26.27 17.56 776. 231. -4.8 -58.6 41.5 SI3ES 253.4 JF.9364 B8.16995
g.882 25.47 17.26 766. 213. -6.8 -58.6 39 .5 S 254.4 8.0376 g.15437
g.543 23.79 16.69 739. 165, -11.8 -58.7 34.5 -13.2 257.4 9.8399 g.11524
8.764 20.67 15.66 661. 76. raa ot -5§9.8 22.5 -14.9 263.4 3.8436 2.8522a6
#.685 18.41 14.81 S85. 26. -833 .19 -61.5 12.5 -16.9 267.4 B8.3465 3.01536
8.696 16.85 14.29 527. -4. -41.8 -64.2 4.8 ORI 278.4 B.$482 -§.808241
g.528 185,517 13.45 475. -2 -46.8 -64.9 -g.5 -19.4 273.4 98.8513 -£.81633
g.449 14.49 12.88 423. -49. -53.9 -€8.4 =715 = 2621051 275.4 $.8525 -3.32223
8.378 13 .57 12.35 375. -36. -59.8 -78.8 <Ii8.1S =215, 13 275.4 9.9539 -8.219894
8.291 12.87 11.98 392, -56. -65.9 -72.8 =I19%IS -R7.3 289.4 B8.8553 -8.£28638
¥ 8.213 12.23 11.52 2501 . -46. -78.49 -75.4 -24.5 =2091.9 289.4 9.8361 -4.22318
g.134 11.45 11.18 182. -58. -74.9 -77.3 -28.5 =31.5 285.4 4.9573 -9.82462
9.4855 1L S 18.71 235. -65. -76.8 -81.9 -38.5 =35.5 285.4 0.8589 -9.83873
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Table 3 (Continued)

Test NO. 925 N=2 NK=17 Patm=14.53 psia Pinlet=46.92 psia Tinlet=45.5 deg. F

Gin«g.1888 lbm/sec Gout=g.1856 lbm/sec GPout=g.2184 1bm/sec GDout=8.1922 Tbm/sec
Etn= 8.229E+d2 Btu/sec Eouts P.228E-02 Btu/sec ULPoute 0.254E+82 Btu/sec EDcut= §.225€+92 Btu/sec
DS= J.781E-92 Btu/R.sec DSP= g.951E-42 Btu/R.sec DSD= B.847E-82 Btu/R.sec
DELTA THETA= -3.4 DEG
BASED ON PT PS AND THETA

R/Rw Pt Ps vt Va 0Tt DTs Tt Ts THETA 0s Glpsqin)
Fata psia ft/sec ft/sec deg deg F-deg F deag deg Btu/lbmR Tbm/sec
8.992 25 . 1S 18.94 612. ° 317. 2.5 -27.9 47.5 8.8 242.6 B8.8437 #.24864
2.969 26.53 17.78 754. 311, 2.5 ='Sr2..19 47.5 a9 247.6 B8.84039 8.22826
8.945 26.65 17.2 784. 378. 1.9 ~58.1 46.8 =J¥3i 248.6 B8.9397 8.22266
g.921 26.17 16.91 799. 294. -1.8 -60.1 4.9 =SSl 249.6 £.9393 8.29945
8.982 25.49 16.89 776. 258. =31.18) =518 .17, 42.3 SIS Y7, 251.6 B.3492 8.18322
8.822 24.67 16.88 758. 281 . -4.5 =515.19 49.5 -18.9 252.6 B.8417 £.16576
g.843 2128 S)9 16.18 713. 183. -18.8 =551 35.8 -18.1 255.6 g.8451 g.12342
8.764 18.9) 15.15 588. 98 . -23.5 =513 .1 21.5 =8 263.6 B.1586 g.985128
8.63 16.49 14.16 486. 63. -36.5 61615 8.5 SIS 262.6 98.3535 8.83739
8.686 15.89 13.72 386. ) -44.5 -%6.9 8.5 -11.9 266.6 B8.9554 2.£1319
g.528 14.25 13.38 3M8E 25 -58.5 -£8.6 =SS =18.6 269.6 3J.M562 9.87126
8.429 13.79 113 . 19 258. ~48. -53.8 -£8.8 -8.9 -13.8 288.6 @8.¥571 -B.£2677
8.378 12.57 13.48 213. -197. -51.90 S -8.8 -12.7 296.6 ©8.0%82 -8.£5858@
g.200 . 13BN 13.83 162. =12 -52.3 -%6.6 -7.8 -11.6 316.6 B9.4598 -3.29253
8.213 13.49 13.91 75. =228, -%88.5 SIEISINS) -5.5% -18.2 341.6 9.2599 -9.12273
8.134 18. 51 13.82 3s. =289 -48.5 -5 .13 =315 -8.3 351.6 g.9629 -9.12898
8.855 13.49 13.98 14, -249. -46.5 -51.8 -1.5 -6.3 356.6 B8.9628 -9.12893
BASED ON DP/DOR PS AND THETA
R/Rw Pt Ps vt Va 0Tt 0Ts Tt Ts THETA 0sS Gipsqin}
psia psta ft/sec ft/sec deg deg F deg F deg deg B8tu/lbmR 1bm/sec
7.968 47.51 17.78 mee. 167, 2.5 @22 47.5 =27 R 247.6 £.2901 B.43461
3.945 23.15 17.26 829. 3 2JS). 1.8 -65.8 46.9 -29.8 248.6 8.8353 9.239606
g.921 21.89 16.91 613. 228. -1.9 =-36.6 44.9 8.4 249.6 @.8517 g.1543¢
8.942 12 .82 16.89 19491, 66. -3.9 oo 2.8 38.3 251.6 ©.8667 8.84207
B.882 23.46 16.88 791. 228. ~4.5 -49.4 48.5 -4.4 252.6 B.9452 8.15265
8.843 23.79 16.18 Ziesl, 196. -1g.9 -61.6 35.8 -16.6 255.6 £.8415 2.13487
8.764 26.79 15.15 698. 116. -28 .15 -65.2 21.5 -2%8.2 260.6 B.£441 B8.87459
8.685 17.58 14.16 S$76. 1/°8 -26.5 -64.6 8.5 =119..16 262.6 8.0491 g.34517
8.636 15.29 13.72 410, 24, -44.5 -58.5 9.5 ~13.5 286.6 8.9545 g.81487
8.528 14.28 13.38 318. 2. -58.5 -58.9 3515 =8 .19 269.6 ©.0563 9.29128
8.449 13.63 13.139 222, ~41. -53.9 =572 -8.8 R s 284.6 ©8.9579 -8.32299
B.27¢ 13581 13.98 146. =3t -53.9 =S5 .2 -8.¢ -18.2 296.€ £.9595 -0.33988
8.291 13.18 13.83 91. -96. -32.9 -5 .5 -7.8 -8.5 316.6 ©.2687 .-3.25238
8.213 13.12 13.81 36. ~-198. -58.5 -Sl.6 =515 -6.6 341.6 £.8619 -8.85829
g.134 13.88 13.82. 128 -83. -48.5 -49.1 -3.5 -4.1 351.6 8£.8631 -9.84423
BASED ON DIFERNTIAL EQUATION
R/Rw Pt Ps vt Va 0Tt DTs Tt Ts THETA oS Gipsqin)
psta psia ft/sec ft/sec deg deg F deg F deg deg Btu/ibmR 1bm/sec
#.992 25.15 17.87 669. 347. 2515 -44.7 47.5 8.3 242.6 9.9437 #.25228
8.969 26.53 17559 763. 313. 2.5 -53.7 47.5 -8.7 247.6 £.0498 #.22898
g.945 26 .65 17.26 784. 338. 1.8 =58 .1t 46.9 = 1F3egl 248.6 8.9398 9.22255
g.921 26.17 16.91 798. 294. -1.8 -68.2 44.9 =31 /5Y, 2 249.6 £.9393 8.28947
g.932 25.49 16.61 29n . 263. -3.8 ~-69.8 42.9 -15.8 251.6 @8.0482 g.18454
8.882 24.67 16.32 781. 245. =415 -68.3 48.5 =HISH3 252.6 B.8417 g.16846
8.843 22.59 15.76 738. 198. -1g.3 -58.4 35.9 -13.4 255.6 J.9451 8.12554
g.764 18.91 14.85 613. 182. =123 .5 =558 22 (WAC] -18.7 268.6 9.3586 8.86298%
8.685 16.49 14.22 479. 625, -36.5 =15159 8.5 -12.9 262.6 B8.£535 3.83639
8.686 15.89 13.81 32, 2 . -44.5 -56.9 8.5 =i 266.6 ©8.8554 8.91278
#.52 14.25 13.54 282. 2. ~58.5 -57.1 =515 = 1%2..1 269.6 d.£362 8.82115
g.449 13.79 13.36 219. -41 -S3.9 -57.1 -8.8 b 12 ) 289.6 2.2571 -9.€62292
p.378 13.57 13.22 182. -38 =€3.8 -56.4 -8.8 ~11.4 296.6 3.8582 -9.34986
g.291 13.51 13.11 149. = 11518 =152.18) =815 49 -7.8 -89 316.6 B.9598 -3.78644
9.213 13,49 13.84 73 -219. -88.5 -55.49 ~5..5 -19.9 341.6 9.2599 -g.11917
g.134 13.51 13.91 315 ~248. -48.5 ~53.4 S5 -8.4 351.6 98.9889 -J.12956
8.855 13.49 13.08 14 -248. ~-46.5 -5Il .18 Siigk) -6.3 356.6 8.8623 -8.12893
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Table 3 (Continued)

Test MO. 1138 N=2 RN=17 Patme14.24 pata Pinlete31.83 psia Ttnlet=d9.9 deg. F

Gin=g.g955 1bm/sec Gout=2.394]1 Tbm/sec GPout=g.888¢ Ibm/sec GDout=8.8968 lbm/sec
€ine 3.117€E+82 Btu/sec Eout= J.114E+92 Btu/sec OGPout= B.128E+92 Btu/sec EDouts f.118E+F2 8tu/sec
0S= 3.224E-82 Bru/R.sec DSPe= §.249E-92 Btu/R.sec DSD= §.343E-82 Btu/R.sec
DELTA THETA=- 3.8 DEG
BASED OK PT PS AND THCTA

R/Rw Pt Ps vt Va DTt 0Ts Tt Ts THETA 0s Glpsain)
psia psia ft/sec ft/sec deg deg F deg F deg deg Btu/)bmR Ibm/sec
8.98%2 22.88 29.75 387. 112, 3.8 -18.5 49.5 36.3 253.8 g.8214 8.88823
#.961 212). 912 28.82 391. 114. 3.8 -19.8 Sg.¢ 36.2 253.8 #.3212 8.8894
#.921 22.74 23.58 41, 192. 2.8 2.9 49.8 34.7 255.8 8.8213 8.87932
g.843 22.46 28.22 423, 61. 8.8 -15.8 48.0 33.2 261.8 9.3217 g.24664
8.764 21.98 19.77 425. 3. -1.9 -16.1 47.8 31.9 265.8 8.8227 8.22359
8.685S 21.46 19.28 428. -6. -2.8 ~-17.2 46.8 33.8 278.8 £8.8239 -8.88432
g.€46 28.98 18.69 442. a9, -5.8 =2t .3 43.5 4712 273.8 £.8242 -8.32103
g.s528 2.3¢ 1¥%. 912 463. -8 =bg:'S -24.3 42.5 24.7 269.8 9.8259 g.eg129
8.449 19.48 17.87 71, 35. -8.5 -27.8 4€.5 22.8 265.8 9.8279 8.22383
B8.372 18.146 16.17 468 . 59. -11.8 =29'. 5 £i8,. '8 19.5 262.8 £2.8394 8.83742
8.291 17.18 L4.98 465. SI9r -16.9 2 ap 23.8 14.7 262.8 d.8332 B.23483
8.213 15.56 14.14 397. 22. -22.5 ~35..'6 27.8 13.9 266.8 8.8367 g.31246
8.173 14,82 13.62 372. 21. -25.9 -36.6 25.8 13.4 266.8 9.8391 3.81127
8.134 14.18 193, 12}5: 318. 18. -R7 45 -BS X9 32l. 1S 14.1 266.8 £.9413 8.80936
8.294 13.58 12.97 254. 37. -31.8 -26.5 19.8 3.5 261.8 £.8425 8.41868
B8.£55 12. 9% 12.71 1i519]. 3. -3¢.3 =26 . 2 17.8 14.8 256.8 B.£44S 3.81879
g.818 12.58 12.48 48. 24. -36.8 -36.2 15.8 l1e.8 238.8 B8.3458 g.81181
8ASED ON DP/DR PS AND THETA
R/P.w Pt Ps vt Va 0Tt DTs Tt Ts THETA 0s Glpsqin)
psta psia ft/sec ft/sec deg deg F dag F deg deg Btu/IbmR libm/sec
8.961 2., 8IS 28.32 336. 98. 3.8 -7.2 S3.8 39.8 253.8 9.8238 g.376473
g.921 23.18 29.58 438. 111. 2.8 -15.8 49.9 32.9 255.8 §.9288 8.988798
8.843 22.53 28.22 426. 62. 8.3 -15 .4 48.8 32.6 26!.8 9.8215 ¥.04736
g.764 22l 7 18.77 4. 3131, -1.3 -17.3 47.9 38.7 265.8 9.8221 8.82456
B.685 21.73 19.28 452, ~6. -2.8 -19.9 46.8 29.8 278.8 @8.0238 -8.80458
8.606 21.45 18.69 481. =325 -5.8 ~24.¢ 43.5 24.1 273.8 8.7227 -£.82307
3.s528 29.88 117:.9% Sgl. 25 -I6RIS -27.4 42.5 21.6 269.8 g.3243 J.28131
B.449 19.72 17 .87 492. 36. -8.5 -28.7 48.5 28.3 265.8 £.3278 g.282414
8.370 18.88 16.17 498. 63. -11.23 -32.8 38.8 17.8 262.8 g.8291 8.84706
8.291 16.98 14.98 452. S, -16.8 =133.13 33.9 15.7 262.8 8.£337 8.23388
8.213 15.41 le. 14 376. 21. =2J273S -34.3 27.8 15.2 266.8 8.3374 8.21179
8.173 14.62 13.62 Jai. 19. -25.8 -34.7 25.8 15.3 266.8 B8.0408 8.21838
g.134 13.82 13.25 261. 15. g7 .S =33F.2 22.5 16.8 266.8 B8.9426 8.28765
F.994 13.38 12.97 283. 29, -31.9 -34.5 19.8 15.5 261.8 B8.843S 8.81498
2.855 12.89 12.71 148, 3s. -3¢.8 SI2ISP9 17.8 15.1 256.8 B.0447 8.81737
BASED ON DIFERNTIAL EQUATION
R/Rw Pt Ps vt Va 0Tt OTs Tt Ts THETA 0s Glpsqin)
psia psta ft/sec ft/sec deg deg F deg F deg deg Btu/ibmR lbm/sec
g.988 2.89 28.65 397. 115. 3.8 -11.2 49.5 35513 253.8 g.8214 8.89821
g.951 22'.92 28 .57 415. 121. 3.8 <1925 58.8 34.5 253.8 @.g8212 8.89487
g.221 22.74 28.39 429. 186 . 2.8 -13.6 49.7 33 4 255.8 9.3213 J.86238
2.843 22 .46 19.99 442, 64. 8.8 -16.6 46.3 31.4 261.8 g4.9217 8.94866
g.764 21.98 19. 54 448. 33. 2M. 98 -17.3 47.2 38.2 265.8 8.8227 B.22464
7.685 21.486 19.83 452, =16 S - 19518 46 .9 29.8 279.8 9.8239 -9.29453
8.636 20.98 18.46 465. =3]I's =510 =213l 43.5 25.4 273.8 £.g242 -0.82194
8.52 2€.34 17.79 476. 2o -6.5 -25.4 42.5 23.6 269.8 9.3259 2.38123
B.449 19.48 17.82 475. 315. -8.5 “R27.4 48.5 21.6 265.8 8.9279 g.g2321
2.378 18.46 16.16 469. 59. -11.8 -29.6 28.9 19.4 262.8 £.9334 8.83748
8229l 17.18 1'5]. 213 436. 5'S. -16.9 =32, L 338 16.9 262.8 8.£332 #.63382
9.213 15.56 14.29 375. 21. a2 1S -34.2 27.8 15.3 266.8 9.8367 g.31186
8.173 14.82 13.84 335. 19. -25. 8 -34.4 25 .0 15.6 266.8 9.8391 8.21326
0.124 1418 13.43 283. 16. 227 85 -34.2 £2.5 15.8 266.8 @£.8413 3.2308849
g.294 13.53 13.35 232. 34, -31.8 -35.6 19.3 14.4 261.8 9.3425 g.21738
g.¢55 12.92 §2. 72 154. 36. -34.8 -36.1 17.8 14.9 256.8 3.9445 g.81816
g.816 12.59 12.48 48. 24. ~26.9 -36.2 1.8 14.8 238.85 B9.9458 g.g1181
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Table 3 (Continued)

Test NO., 1138 N=2 NNe1? Patmel4.24 psia Pinlet=36.62 psta Ttnlet=53.8 deg. F

Cin=8.1172 1bm/sec Gout=g.1199 1bm/sec GPout=9.1A61 IYbm/sec GDout=+9.1185 bm/sec
Ein= B.144E+82 Bru/sec Eout= J.146E~-A2 Bru/s=c CPout= Z.137€+92 Btu/sec EDout> B.145E+32 Stu/sec
0S= 9.326E-92 Btu/K.sec DOSPe F.349E-02 Btu/R.sec D0SD= F.452E-82 Btu/R.sec
DELTA THETA= 4.7 DEG

BASED ON PT PS AND THETA
R/Rw Pt Ps vVt Va 0Tt 0Ts Tt Ts THETA 0s Glp=zqgin}
patfa psta ft/sec ft/seac deg deg F' deg F deg deg Btu/lbmR lbm/sec
g.988 25.88 23.83 439, 134, 3115 =34 Ssl.'S 38.6 252.7 9.9258 #.11623
g.961 25.92 (P80 456, 142, 2A5) -16.5 54.5 35.5 252.7 B8.8244 g.1222
2.921 25.88 22.67 464. 119, 2.9 =%t 54.9 34.9 255.7 B.7243 g.18176
8.843 25.38 22.2 475. 78. 8.8 —1j9.2 52.5 3]3.13 261.7 9.3249 B8.25867
g.764 24.76 21.87 478. 28. -2.3 -2 .1 59.5% 31.4 266.7 3.8257 4.82297
B8.685 24, 2R 21.19 478. -6. -4.9 -23.1 48.5 29.4 278.7 8.8262 -9.88455
2.6£6 23.56 28.53 483. -31. -7.0 -26.5 46.9 26.5 273.7 9.8279 -8.824S3
g.5:28 2.78 19.68 54, -6. -9.8 -38.2 44.2 22.8 278.7 8.9283 -8.2£4580
2.449 21.66 18.14 545. 41, -18.9 -24.8 43.8 18.2 265.7 9.8313 B.82932
g.378 28.32 16.2 685. 78. =138, -44.8 8.8 9.8 262.7 B8.33:2 B8.335852
8.291 18.2 14.53 683, 78. -19.8 -49.8 4.8 3.2 262.7 8.8389 8.84558
8.2:3 15.48 13.27 Spa. 38. =27. 8 -47.9 26.8 SEAL 265.7 £.8461 8.82823
8.173 14.24 12 .47 463. 27. -31.8 -48.9 22.8 4.1 266.7 9.8498 8.81357
g.134 13.28 12.81 399. 23. -26.8 -48.7 17.8 4.3 266.7 8.98525 3.81183
9.094 12.36 11.53 334, 19 -49.8 -49.3 13.¢ 3.7 266.7 8.8538 8.88936
8.85% 11.68 11.2 239. 31 -44 .7 -48.8 9.9 4.2 262.7 B.¢S63 8.81337
8.816 11.16 11.46 1. 41 -47.8 -48.2 6.8 4.8 249.7 £.2584 8.21842
BASED ON OP/DR PS AND THETA
R/Rw Pt Ps vt Va 0Tt DTs Tt Ts THETA 0s Glpsgin)
ps la psis ft/sec ft/sec deg deg F deg F deg deg Btu/1bmR 1bm/sec
8.961 26.18 22.732 467. 146. 2.5 -17.4 54.5 34.6 282.7 9.3239 8.12558
g.921 24.98 22.67 391. 184, 2.9 -11.6 54.8 48.4 255.7 £.8269 9.88491
8.843 25.86 2i2.20 452. 66. 8.8 -17.4 52.5 381, 1 261.7 8.8258 B.85564
g.764 24.26 21.67 448, 26. -2.0 -18.2 58.5 34.3 266.7 8.9271 g.82185
g.68e5 23.78 21.19 445, S68 -4.8 -23.5 48.5 3.9 279.7 £.8275 -9.88421
B.606 23.76 28.53 498. -32 -7.8 STy 46.0 25.3 273.7 9.8264 -8.82534
8.528 23.89 19.68 577 -7 -9.8 -36.7 44.2 16.3 278.7 8.§258 -9.288522
g.449 23.42 18.14 659 49 -18.9 -45.4 43.8 7.6 265.7 B8.8259 8.83581
8.37 28.98 16.25 645 83. ~13.9 -48.2 49.3 4.8 262.7 B.£328 g.8%448
#g.291 17.53 14.53 552 7. -19.9 -44.7 34,2 8.3 262.7 8.8415 3.84127
g.213 15.23 13.27 473 36. -27.¢ -45.7 26.8 24 3] 265.7 B8.8472 2.981987
8.173 13.92 12.47 423. 25. -31.8 ~45.9 22.8 7.1 266.7 8.8513 g.31231
g.134 12.84 12.81 328. 19, -36.3 ~45.9 17.8 8.9 266.7 9.8544 8.88918
g.894 11.98 11.53 249 115 -48.3 -45.2 13.8 7.8 266.7 8.8571 8.238678
8.855 11.43 11.26 152. 29. -44.8 -46.9 9.8 7.8 262.7 9.8583 8.80885
BASED ON DIFERNTIAL EQUATION
R/Rw t Ps vt Va 0Tt 0Ts Tt T THETA 0 Glpsain)
psia psta ft/sec ft/sec deg deg F deg F deg deg Btu/I1bmR 1bm/sec
8.988 25.88 22.95 436. 136. 3.8 =139 55.5 38.1 252.7 @.8258 g.11768
8.961 25.92 22.34 447, 139. 2.5 -15.7 54.5 36.3 252.7 £.8244 £.12238
g.921 25.88 22.61 468, 129. 2.8 -17.5 54.8 34.5 255.7 B8.0243 g.18255
7.843 25.38 22.87 485. 71, 7.8 -28.8 52.5 32.5 261.7 B.8249 B.85971
g.764 24.76 21.47 494, 29. -2.8 -22.4 £9.5 39.1 266.7 8.8257 g.82368
g.685 24.22 29.77 512. -6. -4.8 =~25.8 48.5 26.7 279.7 #.9262 -9.894S8
g.696 23.56 19.96 529. -34, -7.8 -38.4 46.9 22.6 273.7 8.8278 -9.32563
B8.528 22.78 19.21 SI52 . -6. =9,9 -34.4 44.3 18.6 279.7 ©.8283 -g9.28482
B.449 21.66 17.87 567. 43, -18.8 -36.9 43.8 16.1 265.7 £.8313 g.23018
2.378 28.32 16.53 58 1. 75 . ~13.8 ~41.6 49.3 11.4 262.7 8.8342 2.84516
8.291 18.28 15.82 558. 72. -19.2 -d45.4 34.9 7.6 262.7 8.9389 fg.84324
g.213 15.48 13.52 469. 36. -27.8 ~45.4 26.8 7.6 265.7 §.3461 8.21926
g.173 14.24 12.37 445, 24. -31.9 -44.7 22.9 8.3 266.7 8.8493 g.8121%
g.134 13.29 12.31 336. 28. -36.8 -d45.4 17.2 7.6 266.7 8.4525 2.9u964
8.g9¢ 12.386 11.83 26S. 5. -48.3 =4ISH9! 13.8 2% 266.7 9.2552 2.88723
8.8255 11.68 11.42 188. 24 -44.9 -47.7 9.9 5.8 262.7 2.9568 g.31112
8.716 11.18 11.86 1L, 41 -47.83 -48.2 6.8 4.8 249.7 2.8584 3.81842




Table 3 (Continued)

Test NO. 1151

Gin=8.1936 lbm/sec
€in= #,138E+92 Btu/sec

R/Rw
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Gout=g.184! 1bm/sec
Eout= B.13PE+F2 Btu/sec

DELTA THETA=
BASED ON PT PS AND THETA

(43
psta

DP/DR
Pt
psia

28.57

OIFERNTIAL
Pt

psia

PS

3.4 0EG
Ps vVt
psia ft/sec
26.83 378.
25.92 385.
25.74 396.
25.43 486.
25.84 498.
24.5) 411.
23.89 434
22.89 489.
22.29 486.
28.87 591.
17.15 717.
12.95 882.
11.56 748,
18.53 S,
9.79 355.
9.74 118,
9.73 2i5¢
AND THETA
Ps vt
psia ft/sec
25.92 399.
25.74 361.
25.43 369
25.41 392
24.53 435
23.880 477
22.39 437
220, 2 552
28.97 782.
17.15 783.
12.95 783
11.56 613,
19.53 488.
9329 287.
9.74 62.
EQUAT!ION
Ps vt
psia ft/sec
25.98 381 .
25.81 394.
25.61 486 .
25.186 ‘428,
24.63 441,
24.32 453.
23.38 474,
22.39 S17.
U, 17 569.
19.58 634.
17.18 728.
13.96 727.
12.32 671.
18.93 548.
18.486 298.
9.79 199.
3.73 25.
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GlDout=8.1858 1bm/sec

EDcuts
0SD=

THETA
deg’

P R N R R R V- RV- RV V)

#.131E+32 8tu/sec

#.012E-82 Btu/R.sec

oS
Btu/1bmR

oS
Btu/1bmR

g.3158

0s
Btu/1bmR

g.8164
8.3163
8.8163
7.3166
8.23168
8.23176
8.9187
8.£197
g.8212
8.8234
8.9263
8.8373
B.8477
8.56489
8.8738
8.9757
8.8754

Gtpsqin)

lbm/sec

Gipsqin)

. 18988
.18618
.89899
.85189
.32878
.88557
.82252
.g2413
.8#981
.82898
.26189
.38759
.87786
.B86824
.86391
#6298
.81735

ibm/sec

a.
8.
3.
J.

-
-8
-8

=

g
a
a
a
g
8

Gi{psqin)

11918
28256
24583
21998
.28%591
.82492
.g2183
.gtlge
.83531
.g6798
.38549
.86251
.g4819
.85113
.83516

1bm/sac

11164
.18831
39292
.95345
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Table 3 (Continued)

Test NO. 1157 Nel NN=17 Patme14.29 psia Pinlet=31.88 psia Tinlet=67.8 deg. F

Gin=d.1241 1bm/sec Goute?.1919 1bm/smc GPout=g.8812 1bm/sec GOout=g.1A53 1bm/sec
Ein= Z.132E+82 Bru/sec Eoute F.128E+62 Bru/sec DPout= J.182E+82 Btu/sec EQfoute H.132€+82 Btu/sec
DS= 3.286E-82 Btu/R.sec DSP= 3.267E-82 Btu/R.sec DSD= g.436E-82 Btu/R.sec
DELTA THETA= -2.9 DEG
BASED ON PT PS AND THETA
R Pt

/Rw Ps vt Va DTt DTs STt Ts THETA DS Glpsain)
psia psia ft/sec ft/sec deg deg F deg F deg deg Btu/lbmR lbm/sec
8.988 21.49 18.85 456. 156. 8.9 -19.4 67.9 47.6 251.1 9.8269 8.18874
8.961 21.57 18.89 61. 149. -8.%5 -298.8 66.5 47.8 252.1 2.23264 #.13436
8.921 21.51 18.82 479, W25 SIS =282 65.5 45.8 255.1 @.3261 8.88715
g.8243 29.91 18.29 479. 84d. =3r35 =371 63.5 43.9 268.1 B8.8272 7.25684
g.764 28.27 17.74 481. 4l -6.8 -25.4 61.8 41.6 265.1 £.8281 8.82737
#.685 19.51 17.89 481. 8. +48°5 -27.8 58.5 39512 269.1 8.8296 2.93485
B.606 18.73 16.41 479. —126). -11.8 =318/ 56.8 36.9 273.1 g.9312 -3.01684
p.c28 17.83 15.88 448. 2l -14.8 -2d.7 53.8 36.3 278.1 B.B322 -9.22347
B.449 16.81 15.38 483. 28. -16.8 =49 36 51.8 37.4 267.1 ©.8363 8.21179
8.378 15.89 14.68 367. 8l . -28.8 o] [ ] 47.9 Ji5. 7 265.1 B8.8233 B.2:749
8.291 15.89 14,2 Jig. 3z. -24.0 =52l 43.9 JOBY] 264.1 9.3299 3.21728
8.213 14.41 13.89 248. 21, -28.9 =333 .11 39.8 33.9 265.1 B8.8412 g.81121
8.173 - 14.29 13.73 298. 14, -29.9 -33.6 37.8 33.4 266.1 g.g8418 g.297480
2.134 13.83 13.59 178. 6. 3R 8 ~24.4 35.8 32.6 268.1 8.8421 2.98293
g.894 13.861 13.49 121. 740 -33.8 -34.2 34.8 32.8 259.1 g.2427 2.290298
8.855 13.45 13.42 62. a -35.8 -35.3 32.8 31.7 27¢.1 9.3425 -g.89286
#.916 13]. 35 13.34 34. 8 =355 -35.6 3.5 31.4 278.1 £.8428 -8.88083
BASED ON DP/DR PS AND THETA
R/Rw Pt Ps vt Va oTt 0Ts Tt Ts THETA DS G(psqin)
psta psia ft/sec ft/sec deg deg f deg F deg deg Btu/lbmR 1bm/sec
g.961 19.18 18.89 147. 48. -8.5 = 2105 66.5 64.5 252.1 8.8346 8.83218
g.921 21.47 18.82 467. 124. R O] -28.9 65.5 46.1 255.1 #.3262 9.98657
3.843 21.43 18.29 528. ) |8 =135 -26..7 63.5 49.3 263.1 §.8255 8.36222
B.764 29.86 17.74 539. 45. -6.8 -29.5 61.8 37.5 265.1 8.8262 8.83837
B.685 2g.17 17.89 537. 8. -8.5 =31, 5! 58.5 34.5 269.1 9.8273 8.98547
B.64d6 18.86 16.41 491, “Rj7". -11.8 «31.1 56.8 35.9 273.1 £.8338 -§.81658
8.528 17.83 15.88 448. ~l. -14.8 -39.7 53.8 36.3 278.1 ©.8322 ~-8.98846
#.449 172.87 15.38 435, varan -16.8 -31.8 Sl.8 36.2 267.1 8.8352 8.81277
8.378 s . 9si 14.68 376. 32. -29.8 -21.8 47.9 35.2 265.1 @.8388 8.01798
g.291 15.81 14.26 295. 39. -24.8 =3, 3 43.9 35.7 264.1 8.2403 B8.01643
8.213 14.38 13.89 243, 21, -28.8 -22.8 39.8 34.2 265.1 B.2413 8.21986
g.173 14.87 1323 292. 14, -38.8 -33.4 37.8 33.6 266.1 ©8.8419 8.88723
g.134 13.8¢8 13.59 1690. S. -32.8 -34.1 35.8 3”29 268.1 2.8422 2.83274
g.994 13.68 13.49° 115. 2. ~33.8 -34.1 3.9 32.9 269.1 8.8427 8.80893
8.855 13.47 13.42 8g. 8. -35.8 =35.5 32.8 31.5 273.1 B.9424 -3.88387
BASED ON DIFE2NTIAL EQUATION
R/Rw Pt Ps vt Va 0Tt 0Ts imit Ts THETA DS Gi{psgqin)
psia psia ft/sec ft/sec deg deg F deg F deg deg Btu/ibmR Ibm/sec
£.988 21.49 18.88 4690. 158. 8.8 7 67.8 47.3 251.1 B8.8269 g.18955
#.961 21y 57 18.71 478, 154. -3.5 5 66.5 45.5 252.1 8.3264 8.:8785
8.921 21.51 18.49 499. 1313, S5 7 65.5 43.3 255.1 B.8261 B8.89147
g.843 28.91 18.82 Sg4. 88. =23 .5 8 63.5 41.7 268.1 8.3272 3.85923
B.764 28.27 17.58 SJS. 43. -6.2 4 61.8 39.6 265.1 @.5281 g.82845
8.685 19.51 16.95 495. 8. -8.5 9 58.5 38.1 269.1 ©2.229%6 g.884356
8.696 18.73 16.38 481 . -26. -il1.9 3 56.8 36.7 273.1 8.2312 -g.@81612
8.52 17.83 15.81 456. Sl ~14.8 3 53.8 35.7 278.1 B3.8332 -3.83847
g.449 16.81 8S1. 2 413. 21 -16.8 g S1.9 37.9 267.1 9.8363 g.21194
g.378 15.89 14.75 356. 31, -27.9 7 47.8 36.3 265.1 £.8383 x.81793
g.291 15.89 14.31 298. Bjl ~24.8 6 43.8 35.4 264.1 £.9399 B.01688
g.213 14.41 1:3. 92 242, 21 -28.8 9 819 8 34.1 265.1 8.9412 3. 81897
9.173 14.99 1§31 25, 283. 14. -39.90 4 37.8 33.6 266.1 9.9418 3.8a722
2.134 13.83 13.61 165. oy =512). &} 3 35.8 2.7 268.1 9.9421 2.98283
g.094 13.61 13.49 iy2ily. 2 -33.9 2 34.8 32.8 269.1 2.7427 g.0989°93
g.955 13.45 13.41 /38 2 -35.9 4 32.8 31.6 279.1 @g.9425 -94.83806
g.816 13.35 13.34 34. g =355 6 31.5 31.4 278.1 B8.8428 -9.89893
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Table 3 (Continued)

Test NO. 1165 N=2 NNal7 Patm=14.12 psia Pinlet=35.97 psta Tinlet=63.5 deg. F

Cin=g.1£15 tbm/sec Gout«g.8948 Ibm/sec GPout=8.9934 1bm/sec GOout=8.8998 lbm/sec
Eln= g.127E+82 Btu/sec Eout= J.118E+B2 B-u/sec ODPouts J.116F+82 Btu/sec EOcut= F.124E+32 Btu/sec
0S= 3.22BE-42 Biu/R.sec D5P~ 2.272£-82 Btu/R%.sec 0SO= B.324£-232 Btu/R.sec
DELTA THETA= B8.9 DtG
BASED ON PT PS AND THETA

R/Rw Pt P3 vt vVa DTt DTs it Ts THETA DS Gi(psatn)
psia psia ft/sec ft/sec deg deg F deg F deg deg Btu/1bmR 1bm/sec
g.989 28.86 25.68 389. 11g. 8.8 -13.9 68.5 47.5 253.9 8.9178 g.18414
8.961 28.18 25.66 3972 . 196. 8.8 S1'3.7 bd.5 46.8 254.9 8.8167 g.12743
g.921 27.98 25.47 396. )74 9.8 218 .18 68.5 46.7 256.9 8.2172 8.88695
£.843 27 .42 24.96 482. Sg. Srdal) -16.2 3.8 44.3 262.9 98.8175 8.84662
g.764 26.78 24¢.38 484. 8. -4.5 -18.1 56.8 42.4 268.9 g.9182 8.¢e87!7
8.68 26.38 23.94 494. =g, -6.5 -23.1 S4.8 49 .4 272.9 8.9185 -#.21824¢
B.686 25.98 23.57 402, -41. -7.8 -28.6 53.5 39.9 275.9 £.98193 -8.83662
g.528 25.52 22.58 467. -24. -6.8 -24.2 S4.5 36.3 272.9 @.8288 -9.81938
2. 449 24.88 21.77 431. 1. 1515 -2A.8 515. 8 35.7 269.9 9.8227 g.4898!
8.378 24.82 19.98 565 . 61. -6.5 -33.4 53.5 26.6 262.9 9.9244 B.24643
g.291 22.54 16.98 68S. 19292y, =945 -49.8 58.5 19.2 259.9 9.3274 3.£8237
8.213 18.24 12.71 752. 157:5 . -l4.9 -63.6 46.8 -3.6 256.9 9.¢398 3.89145
8.173 15.24 11.35 677. 178. -16.8 -£6.6 44.8 3.4 255.9 8.8512 9.97826
g.134 12.26 18.78 457. 141, -19.98 ~-28.8 41.8 22.8 252.9 23.9647 g.essss
2.294 "18.52 9.95 272. 4319, -23.8 -:8.8 37.23 29 .2 242.9 9.8732 8.85396
g.£55 18.15 19.13 31. S8. -26.9 -26.4 34.0 33.6 287.9 B£.9742 3.82238
g.216 19.86 9.79 99. 186. -29.8 -32.7 31.9 27.3 287.9 9.8734 8.87826
BASED ON DP/DR PS AND THETA
R/Rw Pt Ps Ve Va 0Tt DTs Tt Ts THETA 0S G(psqin)
psia psisa ft/sec ft/sec deg deg F deg F deg deg Btu/lbmR lbm/sec
#.961 27.48 25.66 336. 91. 8.8 -18.1 68.5 Sd.4 254.9 9.9185S 3.88557
8.321 28.46 25.47 4318, 189. 8.8 -16.3 6,8].1S 4.2 256.9 g.0162 8.39499
8.843 28.35 24.96 448. 56. Crdnt) ~19.4 S8.90 41.1 262.9 98.9159 3.£5221
£5.764 26.97 24.38 419. 8. -4.5 Ll G S6.8 1.4 268.9 8.8177 8.88745
B8.685 25.7% 23.94 .357. -18. -6.5 |/t 54.9 43.4 272.9 8.8199 -g.41€71
#.636 26.58 23 357 448. -46. -7.8 =~ 39 $3.5 36.6 275.9 8.98177 -Z.g4ld7
8.52 25.68 22.58 478. =24, -6.9 =12ISP | S4.5 35.4 272.9 9.8233 -98.82858
g.449 2]S .69 21.77 S$35. % SISHS =29 43 55.8 31.2 269.9 B8.9823S 8.83891
B.378 26.31 19.38 684. 78 -6.5 -45.9 SBRS 14.1 263.9 g£.d182 8.85789
#.291 24.82 16.99 786. 148, =19.5 -62.6 S@.5 =216 259.9 g.0288 £.89716
8.213 18.79 1¥2. 71 781. 182. -14.8 -67.5 46.9 8. S) 256.9 8.8377 8.29c588
8.173 13.88 L1.35 S63. 142. -16.9 -d4.1 4.8 15). 9 255.9 £4.83576 2.86337
B.134 12.87 19.73 439, 132 -19.0 =35.9 41.8 24.1 252.9 8.36S7 #.85489
8.994 15.43 9). 95 242. 124, -23.8 —12191.92 37.8 3g.8 242.9 B8.8749 g.84713
#.855%5 18.38 19.13 96. 182. -26.8 +29.9 34.8 38.5 287.9 #.98727 8.87937
BASED ON DIFERNTIAL EQUATION
R/Rw Pt Ps vVt Va DTt DTs Tt Ts THETA DS G{psqin)
psta psta ft/sec ft/sec deg deg F deg F deg deg 8tu/IlbmR lbm/sec
8.9898 28.486 25.29 411. 119, 8.8 -15.2 69.5 5.3 253.9 9.9179 g.11131
g.961 28.18 25.19 429. 116. 8.9 -16.4 68.5 44,1 254.9 g.9167 g.1a847
g.921 27.98 24.96 436. 192. 3.8 -16.7 68.5 43.8 256.9 8.8172 g.99437
B.8643 27.42 24 .47 443, 5S. -2.5 =I9r 1 SB.8 41.4 262.9 92.8175 g.95858
8.764 26.78 23.92 443, 9. -4.5 -20.8 56.9 89 . 7 268.9 g.g2182 8.98775
8.685 26.38 23.32 456. 223" a6y, 5 =1283F. 9; 54.8 36.6 272.9 @9.p185 -9.82821
2.696 25.98 22.59 483. -58. -7.8 -26.6 SI3NS 33.9 275.9 9.3193 -9.84278
g.52 25.52 21.66 S31. 7o -6.9 -29.6 S4.5 38.9 272.9 9.9208 -8.92212
g.449 24.88 29 .49 SB4. i 4 3545 =313r 9 55.9 26.6 269.9 B.8227 2.38E294
2.378 24.82 18.68 653. 78. -6.5 -42.1 $3.5 17.9 263.9 0.8244 8.85194
8.291 22.54 16.25 728. 139. RIrS =915 X9 S9.5 5.9 259.9 @.3274 g.d86511
8.213 -18.24 13.26 798. 165. -14.3 -88.1 46.9 1.9 256.9 98.8398 2.38883
g.173 15.24 11.89 633. 159. ~16.8 =Sl S 44.9 8.5 255.9 9.8512 g.87521
g.134 12.26 19.68 469. 142. -19.9 =E(BRI5 41.8 2.1 .7 252.9 9£.9647 J.058866
g.494 19.52 18.18 232. 119. Pr e -28.7 37,8 Sllya3 242.9 9.3732 8.84584
8.855 19.15 9.92 92. 1372.30. ~26.98 =R9r 2 34.89 39.8 287.9 B.8742 3.66571
g.816 19.86 9.79 99, 186. -29.8 =\32rn7 3.8 27.3 287.9 9.8734 #.37826




Table 3 (Continued)

Test

Gin=g
Eine

NO. 1166 N=

.1e28

Ibm/sec

2

#.127E+82 8ru/sec

DELTA THETA«

NN=17 Patm=

Gout=g.1824
Eout~ 8.127

14.12 psta

Tbm/smc
€-942 Bru/sec

Pinlete36.92 psia

0S= #.174€-02 Btu/R.sec

7.9 DEG

BASED ON PT PS AND THETA

noonoooontonan nocNNIoeoooNROYRDDN®

oo

R/Rw

.98g
.961
.921
.843
.764
.6895
.636
.528
L4129
.378
.291
L2113

DP/DR
e
psia

26.53

DIFERN
Pt

psia

p

PS A

[

TIAL

3

Pis vt
sta ft/sec
.66 372.
.61 387.
S5, 394
25 384
69 494
79 434,
49 398
92 389
39 377
66 35S,
17 3n2.
64 263.
42 233.
27 198.
18 173.
84 122.
38 194.
ND THETA
Ps vt
sia ft/sec
.61 248,
- 515} 386.
.85 398.
.69 443,
.89 431,
.49 495.
.92 371.
-39 371.
.66 336.
.17 275.
.64 236.
.42 186.
.27 158,
.18 187.
N-X 77.
EQUATION
Ps vt
sta ft/sec
.79 364.
.20 378.
.59 396.
1 396.
.66 497.
.16 398.
.64 383.
< Ji 371.
.52 363.
.93 324.
-3 28S.
.85 229.
.62 193.
.43 159.
.26 1239
.28 186.
.98 194,
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ft/sec deg
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1 1% -4.9
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-3 =122 85
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-19. ~24.5
47 . SI2iSTS
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69. -4 2
71. -3.5
S7. -4.9
32. 235
1. -5.8
-28. -8.8
AP -9.8
28 . -11.8
38. -l4.8
38. -17.8
13 -28.8
4. =2!.3
22 -22.5
=3, -24.8
-7 ~24.5
Va 0Tt
ft/sec deg
111, -4.0
118. ~4.9
9oy o) )
S7. -4.9
29. =531.15
e -5.8
-19. -8.9
Ig -9.8
20. -11.8
23] -14.8
31. -17.8
134 -28.8
4. -21.8
=320 S22 .S
-4. -24.9
=9\, ~24.5
Sr3t/o =25]. 5}

GPout=8.8797

DPout~ J.98SE+81

osSp=

8.174E-32 Btu/R.sec

0Ts
deg

VEer—aRORUWNWWWY ®

VNV OUONAOAVONON WL —ULO

Tt
F deg

6.5
56.5
57.9
56.5
57.4
55.5
52.5
51.5
49.5
46.5
43.5
48.5
39.5
38.8
36.5
36.8
35.8

rs
o
Qntnmlnb\munnwulmmlnmlnm

Tinlat=«69.5 deg.

1bm/sec

Btu/s

ec

W= We —~NNORNWNNNO N

Clout-2.1818

EQCouts«
0s0=

THETA

deg

252.
2513 5
256.
261.
265.
269.
272.
269.
266.
264.
263.
266.
268.

0 WD W W W WWLWWWWWWWY WO

[V RV RV RV RV RV.RV. V. RV RV. RV RV RV-XV.RV.RV.AV:]

F

1bm/sec

#.126E+82 3tu/sec

F.254E-82 2tu/R.sec

Btu/1bmR

Btu/1bmR

oo onnoneaN

oonoonoooneaa®m

Deotoonnauana®

0s

L8155
.B152
.2155%

0s

L8191
L2181
.8162
.8166
.B179
L8191
LB214
.3228
.8238
3254

0s

Glpsgin)

lbm/sec

'
antonoanouanonE

-8.

Gtpsqin)

.18955
13691
.88754
.85156
.82693
.498398

g1752
g9@33
81746
#2614

.82636

gl12s

.38359

lbm/sec

annaNNQEELDS

DR
LR E)

Gi{psgin)

.36518

86731
gs3¢8

2963
83897

.g1787
.88879
.B17186
.g2473
.22363

g13:3

.28286
.89172
.B8264
.80496

tbm/sec

0
NnYoYTONONOND®

UL
L

-g.

. 18654
.19486

£8796

.g5298

2786
294889

.81696
.83989
.81693
.B2435
.B82474
.906989
.89299
.29184
.8832

.20685

72875
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Table 3 (Continued)

151

Test NO.

1172 Ne

Gin=g.1824 1bm/sec

Ein= J.130E+92 Btu/sec tfeut=
DELTA THETA= 2.3 DEG
BASED ON PT PS AND THETA
R/Rw Pt Ps Vt
paia psla ft/sec
g.988 57.58 55.83 221,
8.961 57.62 55.84 228
g.921 57.56 53.61 243
8.8¢3 §7.36 55.42 247
B8.764 57.28 55.24 251
8.685S 56.78 54.85 258.
g.€86 56.68 S4.45 263.
B.528 S6.48 54.33 288,
8.449 56.34 513 . &5 316.
8.378 55.64 5. 197 348.
8.2911 54.98 SJ.18 433,
g.213 53.64 46.89 486 .
B.173 52.84 42.58 S87.
8.134° 43.32 34.83 724.
8.894 38.52 22.56 868 .
B.8255 28.70 24.83 322.
g8.d16 24.38 23.95 .
BASED ON OP/OR PS AND THETA
R/Rw Pt Ps vt
psia psia ft/sec
8.961 §7.79 55.84 238.
8.921 57.38 55.61 231 .
B.843 56.45 §5.42 189.
B.764 56.62 55.24 211.
#.685S 56.57 54.85 237.
8.686 56.87 54 .45 229.
£.528 56.11 S4.93 258.
g.449 55.96 518 1’5 298 .
8.378 55.86 52.17 35%.
#.291 S5t 2% S3.18 414,
8.213 S4.17 46.89 S83.
8.173 57.67 42.58 2V
8.134 56.66 34.83 873.
8.894 39.43 22.56 669,
8.855 24.83 24.83 8.
BASED ON DIFERNTIAL EQUATION
/Rw L Ps Vt
psia psia ft/sec
8.988 57.58 56.11 282.
g.961 57.62 $6.85 214,
§.921 §7.56 55.93 PArics
8.843 57.36 55.864 231 .
g.764 57.28 55.38 247 .
3.685 56.78 54.89 247.
B.606 56.68 54.49 266.
8.528 56.48 53.74 296 .
£.449 56.38 52.76 341,
2.3789 55.64 51,029 382.
#.291 54.98 48.93 454,
9.213 53.64 44.56 568 .
8.173 2.34 48 .89 645.
2.134 48.32 35.45 785.
p.g94 38.52 89.38 632.
8.855 28.78 25.95 313.
B.816 24.39 23.95 44.

1

NN=17

Patm=14.26 psita

Gout=8.1129 1bm/sec
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—_Ren
QU R etV VLOWY
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0SP=
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g.121€+92 Btu/sec

8.992€-83 Btu/R.sec
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'
w
)

v
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Qe = NUONDOND NN

MUANDOW—N 0o

F d

Tt
e9

NERRNORRNEEGONOOONN

F d

oo
wnN

N O O
VORAWNER=NNWA

VAR rAWNEANANLLLW®

-
-

og

No~

RUNVLWO®— WO ®®

“
a
[

o

NOWVONENVDO—aaONAD

GDout~g8.1838

EDout=
PR

THETA

deg

253.
253.
256.
261 .
267.
271.

LUULLLLELLLULRVLW

LUULLLLLLLLLWWWUYW

lbm/sec

g.131€+82 Btu/sec

g.965E-83 Btu/R.sec

0s
Btu/lbmR

.8333
.8a27
#8832
.g9828
4832
.8837
L2237
.A8138

onnaoaoonacnoan
=
=
~
w

0s
Btu/1bmR

.8825
LE234
g4l
9339
Bad39
9343
8343
3g47
8358
LEEY:]
.0068
8213
8813
8426
.3518

oo noneaonen

oS
BtuslbmR

.8833
.8827
.3832
.28833
L4832
L2837
L2337
.£6838
.8043
L0933
.8761
.8867
.8383
L9122
.8264
L5419
.g488

ononooooNonnnRo®

Glpsqin)

Tbm/sec

8.
8.
. 11753
.87¢76
.82318
.81142
.85736
.8797

.B3536
.491371
.36218
.88381
12747
.26828

Glpsqain)

13245
13667

34485

.36198

13584

lbm/sec

8.
8.
8.

g
-8

aomnuae

Glpsqain)

14278
11195
85427

.81946
.81282
-d.
-d.
-3.
-8.
.36196
.38697
.16821
.22841
.24453
.88888

#4953
27336
83333
27383

1bm/sec

-3
-8

~8.
-8.
.g8411
.€6665
99451
.13574

anNeg

'
onanNney

12116

.12857

19781

.87841
.92283
L8113
.85766

Bg4p3
83789
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Table 3 (Continued)

Test NO. 1174 Nl NN=17 Patme14.26 psia Pinlet=32.96 psta Tinlet=74.5 deg. ¥

Gin«=g.1839 1bm/sac Gout=g.1817 1bm/s=c GPout~«8.9767 1bm/sec GOout=g.1855 1bm/sec
Etns F.133E+82 Btu/sec Eoute Z.122E+32 Btu/sec DPout= B.974E+d] Btu/sec EDout= B.!34E+82 Btu/sec
DSe #.384E-82 Btu/R.sec 0OSPe F.254E-92 Btu/R.sec DSD= F.4B1E-82 8tu/R.sec
OELTA THETA= 8.6 DEG
BASED ON PT PS AND THETA
R/

Rw Pt Ps vVt Va 0Tt DTs Tt Ts THETA bsS Gipsqin)
psta psta ft/sec ft/sec deg deg F deg F deg deg Btu/lbmR bm/sec
8.988 19.62 17.28 463. 161, -1.9 -29.8 8.5 $3.7 258.6 £.8388 g.173132
#.961 19.86 17.37 465. 154, -2.8 -22.9 72.5 225 251.6 9.3295 8.29896
g.921 19.98 17.28 489. 158. -3.2 -24.1 /[ G S .4 252.6 £.2298 £.89522
8.843 19.48 16.78 498. 198, -6.8 =27.5 68.5 7.8 258.6 8.9293 B.g6299
£.764 18.66 16.25 492. SISIS -9.8 ~29.4 65.5 45.1 263.6 8.2386 8.233384
8.635 17.68 15.49 482. 1. -13.8 EJ2i- 4 61.5 421 268.6 8.8225 #.208659
2.646 16.68 15.08 421 . a5 . -16.98 =2'9188 58.5 43.7 279.6 8.83S1 -8 .24256
g.5:28 15.88 14.52 384. =11l. =12 1%, 18 -33.3 $3.5 408, 2 271.6 £.9365 -2.88599
£.449 15.18 14.26 J16. Un -25.98 =81.3 49.5 41.2 268.6 B8.94377 9.8d299
2.278 14.56 14,11 234. 6. -28.8 =132.%6 46.5 411 49 268.6 £.8388 8.£0292
0.291 14.24 14.93 168. 4. =B)1 & 2311 43.5 41.4 268.6 94.3389 8.88199
8.213 14.12 14.92 112. 3 ~-32.8 -85 .9 42.5 41.5 268.6 9.8393 2.881139
2.173 -14.94 13.98 91. -3, -33.8 =31 37 41.5 42.8 271.6 ©.8289 -0.98137
8.1354 14.88 W21891S 83. E 78 -33.8 -33.6 41.5 48.9 274.6 £.8291 -8.£2£352
B.8394 13.98 13,. 95 63. -14. g2l 20 Slelat) 2.8 41.6 282.6 £.9295 -0.20748
2.85S 14.82 13.%6 8g. =33)3¢ -32.8 2BP2 .16 42.8 41.4 292.6 B.8393 -8.81741
8.616 l14.80 13.96 64. =I3078) -32.8 = 32185 42.9 41.5 299.6 @2.8394 -9.81912
8ASED ON DP/DR PS AND THETA
R/Rw Pt Ps vVt Va DTt 0Ts Tt Ts THETA 0s Gipsqin)
psia psia ft/sec ft/sec deg deg F deg F deg deg Btu/1bmR lbm/sec
g.961 17.37 17.37 8. a. -2.8 -2.8 72.5 72.5 251.6 £.8287 8.20089¢89
B.321 19.97 17.28 486. 152. -3.3 ~24.6 71.5 49.9 252.6 8.9287 8.89645
2.843 19.81 15.78 SR, 187. -6.9 RIS 68.5 44.9 258.6 23.8279 7.36663
8.764 19.63 16.25 573. 64. -9.@ -36.7 65.5 37.8 263.6 8.8272 B.839084
8.695 18.19 15.49 538. 13. -13.9 -36.4 61.5 38.1 268.6 9.9396 8.88731
g.686 17.84 15.28 462. =15, -16.98 -33.8 58.5 49.7 276.6 £.8337 -8.008294
2.528 15.94 14.52 493, =2, -21.8 -34.6 SBr-I5 39.9 271.6 ©8.8359 -8.88631
B.449 14.85 14.26 265. 6. = 25748 -38.9 49.5 43.6 268.6 £.3389 #.883123
8.379 14.37 14.11 179. 4. -28.8 = 3 46.5 43.8 268.6 8.8397 g.88223
#.291 14.12 14.83 191. o =31 78, =311 N8 43.5 472\ 37 268.6 9.9395 g.83124
8.213 14.37 14.82 84g. 2. -32.8 «32.95 42.5 42.8 268.6 B8.8292 8.83899
g.173 14.96 13.98 199. S13% =33.8 -33.8 41.5 49.7 271.6 98.8389 -9.93158
B8.13¢ 1181. 97 13.95 S52. ~4. =38y P =813 g2 41.5 41.3 274.6 98.9393 -8.Pg3221
B8.894 13.95 13.95 8. 8. =132 N8} -32.8 42.2 42.8 232.6 ©.8396 B.88888
8.85% 13.96 13.96 a. 8. -32.8 -32.8 42.8 42.8 292.6 #.3396 B.38988
BASED ON OIFERNTIAL EQUATION
R/Rw Pt Ps3 vt Va 0Tt 0Ts Tt Ts THETA 0s G(psatn}
psia psia ft/sec ft/sec deg deg F deg F deg deg Btu/lbmR 1bm/sec
g.9889 19.62 17.26 453, 159. -1.8 -28.2 73.5 54.3 259.6 9.2398 g.19821
g.961 19.86 172.17 485, 16l . -2.8 o 72 a5 59.8 251.6 2.9295 8.18135
7.921 19.98 16.97 S89. 159. 3.8 -26.7 71085 47.8 252.6 B.2298 .39967
2.843 19.48 16.51 52S. 135. 6.3 -29.9 68.5 44.6 258.6 ©9.6293 .d6452
g.764 18.66 16.41 S17. 58. 2118 -21.6 65.5 42.9 263.6 £6.928% 2.03438
B.685 17.68 15]. 5|1 489. 1. -13.9 =132.2 61.5 42.3 268.6 0.7325 2.90657
B.63% 16.68 15.87 423. =\S). -16.9 -39.9 58.5 43.6 278.6 8.8351 -~2.722867
#.528 15.87 14.78 35S.. -19. -21.8 =311 .15 53.5 43.8 271.6 B.9365 -3.88339
g.449 15.18 14,42 284. 146 -25.9 -34.7 49.5 42.8 268.6 §.3377 8.9836
2.379 14.56 14.22 284, SY. -28.98 = 3185 46.5 43.2 268.6 ©.9388 g.89255
g.291 14.24 14.18 131. BE -31.8 =32, 4 43.5 422 ol 268.6 8.9389 2.20163
2.213 la.12 14.23 187. i -32.9 =S28N9 42.5 41.6 263.6 8.93%8 2.¢9132
2.173 14.94 14.99 78. Ordn -33.9 ~33.4 41.5 41.1 271.6 #.8389 -2.89186
g.134 14.09 13.99 42. =231, -33.8 318,72 ¥ 4l s 41.3 274.6 8.8391 -g.ga181
8.994 13.98 13.93 28 e. -32.8 -32.9 42.9 42.8 262.6 ©8.8395 -9.£3822
8.355 14.82 13.95 85. -35. =312 39’ =321, 7 42.2 41.3 292.6 ©8.8393 -9.01346
2.916 14.98 13.88 64. =37 -32.8 =3.l5 42.8 41.5 299.6 ©9.93%4 -8.81512
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Table 3 (Continued)

Tast NO. 1228 Nel NN=17 Patm=14.21 psia Pinlet=29.98 psta Tinlet=65.9 deg. F

Gin=g.1835 Ibm/sec Gout=2.8996 ibm/sac GPout+=8.9962 lbm/sec GDout=g.1851 1bm/sec
Etn= B.138E+82 Brtu/sec FEoute J.1256+82 Bru/sec CPout=s F.121€+82 Btu/sec EDoute J.132E+02 Brtu/sec
0S= B.373E-02 Btu/R.sec OSP= §.524E-82 Btu/R.sec DSD= B.551E-82 Btu/R.sec
OELTA THETA= -1.5 DEG
BASED ON PT PS AND THETA

R/Pw Pt Ps vt Va 0Tt DTs . T Ts THETA 0s Gi{psqin)
psia psia ft/sec ft/sec deg deg F deg F deg deg B8tu/1bmR lbm/sec
8.989 17.91 16.94 415. 164. B.5S -16.8 65.5 49.8 248.5 9.8353 2.89659
#.961 18.99 15.85 453. 179. 8.8 RIS £S.8 45.5 249.5 B8.9344 8.89973
B.941 18.13 15.87 468, 154. -1.8 -28.6 64.0 44.4 251.5 £8.2338 2.089985
g.921 18.11 15.84 463. 146. -2.9 -21.6 63.9 43.4 252.5 2.8335 2.08831
8.982 18.91 15.76 465. 138. -3.8 -22.6 62.8 42.4 253.5 8.8334 g.98115
g.882 17.95 15.68 469. 139. -4.8 2837 7. 61.8 41.3 254.5 £.8331 8.97647
8.843 17.65 15.44 471, M3, -5.8 -24.6 88.9 4g.4 256.5 £.8338 8.086559
8.764 16.87 14.79 471, 68. -3.4 -28.1 56.5 37.4 259.5 B8.94353 4.84882
8.685 16.87 14.53 416. 48, -13.8 .6 52.5% 37.9 263.5 B8.9368 8.826084
B8.6836 15.35 14.88 398. 5. -17.8 e 48.5 3k 3, 266.5 £.8383 8.21393
2.528 14.75 13.78 356. 3. -21.8 .6 44.5 33.9 269.5 ©.4d389 B.84179
8.449 14.21 1530,418 31l -24. =25} § .6 39.5 3l.4 274.5 9.9399 -p.81245
8.378 13.77 17 3[ye13) 256 . ~47. -38.90 .6 35.8 29.4 288.5 £.9398 -9.082396
g.291 " 13.45 13.08 289. -62. -34.2 .8 31.2 27.8 286.5 £.2387 -9.23114
8.213 13.21 12.95 169. -79. -37.8 .8 28.8 2 5r. 2 292.5 ©8.8385 -9.83598
B.134 13.91 12.85 138. <1651 -42.8 .8 23.8 21.2 296.5 9.8278 -8.83251
B.9g55 12.91 12.82 98. =S -43.8 .8 22.8 21.8 298.5 £8.8371 -8.82663
BASED ON DP/DR PS AND THETA
R/Rw Pt Ps vt Va 0Tt DTs Tt Ts THETA 0s G(psqin)
psta psia ft/sec ft/smc deg deg F deg F deg deg B8tu/lbmR 1bm/sec
8.961 18.22 15.85 464. 174. 8.9 -20.5 65.8 44.5 249.5 8.3342 8.18238
8.941 15.99 15.87 198, 36. -1.8 PER 64.8 62.9 251.5 B8.8425 8.82868
8.921 17.41 15.84 398. 123. 2.8 SSH. 9 63.9 42.1 252.5 8.3362 8.27188
8.9g2 17.84 15.7¢ 448, 19383 . =3.8 =2iy. 2 62.8 43.8 253.5 £.8341 9.27794
8.882 18.42 15.68 Silsly. 142, ~4.8 =27 .4 6!.8 37.6 254.5 8.8314 g.£8381
£.843 19.18 15.44 598. 142. =Sr. @] ~3'S}. 7 68.8 239.3 256.5 B9.A2814 g.36481
B.764 17.19 14.79 S33. 93). 9L -38.8 56.5 34.7 259.5 B.€342 8.85234
8.68S 16.33 14.53 447, Sl. -13.8 =989 52.5 35.6 263.5 98.3357 g.82811
8.606 15.67 14.93 439. . ~17.8 =33l 48.5 32.4 266.5 8.23367 g.9%44l
8.528 14.69 13.78 345. 3. -21.8 -38.9 44.5 34.6 263.5 9.8392 8.28165
g.449 14,11 13.2 289. ~28]. 2255 =3lf. S 39.5 A5 274.5 ©9.23396 -9.£21156
8.378 13.66 13.2 228. -42. -39.8 -34.5 35.8 3.5 283.5 @8.9396 -8.9213
8.291 13.36 13.88 183. -54d. -34.8 -37.8 31.8 28.8 286.5 ©8.9392 -8.32714
£.213 13.13 1¥2.19]5) 141, ~58. -37.8 -38.9 28.8 26.1 292.% 8.9389 -D.82928
8.134 12.92 12.85 86 . - 4r3;. -42.8 -42.8 23.8 22.2 296.5 9.8375 -§.82143
BASED ON DIFERNTIAL EQUATION
R/Rw Pt Ps vt Va 0Tt DTs Tt Ts THETA 0S Gipsain)
psia psia ft/sec ft/sec. deg deg F deg F deg deg Btu/lbmR lba/sec
£.9889 17.93 15 ..85 435. 172. 8.5 - §7. 7% 65.5 47.3 248.5 £.9353 8.186852
8.961 18.99 15.78 461. 172. 3.8 -28.1 65.9 44.9 249.5 £.8344 g.181387
8.941 18.13 15.78 478. 169. =ling =22.2 64.23 42.8 251.5 ©.8338 9.893823
8.92! 18.11 15.61 488. 154. =2 8 -23.8 63.9 41.2 252.5 B.08335 2.28997
7.982 18.31 155 . S) 491. 146 . -3.8 -24.8 62.8 4g.2 253.5 98.3334 8.08478
2.8682 12- 915 15.41 498. 138. -4.9 -26.2 61.8 38.8 254.5 9.8321 8.88312
8.843 17.65 155 i 496. 119, -5. 8 -26.6 69.8 38.4 256.5 B8.3338 g.86826
g.764 16.87 14.8! 468. 87. -9.8 -242 .9, $6.5 37.6 259.5 9.8353 g.2:85%8
2.685 16.87 14.43 429. 49. -132.8 -28.5 52/. D 37.9 263.5 £.9368 3.82672
g.606 15.35 14.19 26! 24. -17.8 -29.8 48.5 36.2 266.5 9.0833% g.912538
g.52 14.75 13.88 339. 3]. -21.8 -32.6 44.5 34.9 269.5 2.8389 3.28163
Z.349 14.21 13.54 287 . - Jai. =25.5, -32.4 29/.5! 32.86 274.5 9.3398 -8.9i158
9.378 13.77 153 . 83 232, -43. -3g.8. -34.6 35.8 3.4 28¢.5 9.9398 -9.821€5
2.291 13.45 13.16 184. -S54, -34.8 57 1) 31.9 2.9 236.3 #.8337 -2.22751
8.213 13.21 13.23 141. -53. -37.8 -38.9 28.9 28.1 292.5 @.8385 -3.3I935
8.134 13.81 12.98 93. -47. -42.3 -42.9 23.9 22.1 296.5 £.8378 -9.£2339
8.855 12.91 12.82 98. -58 . -43.2 -¢4.3 22.8 21.8 298.5 £.8371 -8.22689
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Table 3 (Continued)

Test NO. 1225 Nel NNe 1?7 Patm=14.24 psia Pinlet=24.46 psia Tinlet=88.0 deg. F

Ginwg.2798 1bm/sec Gout=g.8736 Tbm/sec GPout=8.2948 lbm/sec GDout=g.8882 lbm/sec
Ein= §.182E+82 Btu/sec Eouts P.943E+3l B8ru/sec (CPoute 9.121E+92 Btu/sec EDout= B.193E+82 Bru/sec
DSe= @.!182E-82 Btu/R.sec OSP= #.28B4E-92 Btu/R.sec 050~ 9.276E-82 Btu/R.sec
DELTA THETA= -3.3 O
BASED ON PT PS AND THETA

R/Rw Pt Ps vVt Va DTt DTs Tt Ts THETA oS Gipsqin)
pstia psta ft/sec ft/sec deg deg F deg F deg deg Btu/1bmR 1bm/sec
g.988 18.16 15.87 466. 163. -#.5 -29.8 78.5 58.2 258.7 £.8198 8.893614
8.9861 18.12 15.79 474, 157. -1.8 2R2JN. 8 79.8 58.2 251.7 8.8281 8.88946
8.941 17.98 15.68 478. 1498, -2.9 -22.6 78.8 S7.4 253.7 9.8282 8.87927
g.921 17.88 15.57 474. 129. -3.9 COrds)a) 77.8 56.9 254.7 9.8285 8.87312
8.942 17.52 15.43 463. 118. -5.4 ~24.8 75.8 56.8 255.7 @.83237 8.86636
8.882 17.18 15.28 459. 188, -6.9 -24.4 74.3 55.6 257.7 8.8216 8.85516
2.843 16.62 1¢4.75 454, 32. -9.8 -26.8 71.8 §3.2 259.7 9.89225 g.24437
8.76¢ 15.52 14.97 414, S3. -14.9 ~-Z¢8.5 66.8 5145 262.7 ©.9249 8.82725
B.68S 14.76 13.86 333. 31. -19.8 ~28.3 61.98 S1.7 264.7 @2.8261 g.815859
8.636 14.24 13.77 243. 18. -23.0 -27.9 57.8 52.1 267.7 £.92867 8.89435
p.52 14.80 13.74 182. -6. -25.8 -27.8 55.8 Sp2r. 2. 271.7 £.826% -8.¢8277
B.449 13.84¢ 13.71 127. =291 -27.8 -28.4 53.8 S1.6 282.7 9.6258 -9.81429
8.879 .. 13]. %2 13.67 76. =325, -28.8 -28.6 52.8 S1.4 292.7 B8.3269 -9.81586
8.291 13.78 13.67 Sl. =32 -28.2 -28.3 52. 8 Si.7 382.7 8.8278 -8.81644
8.213 13.68 13.66 39. =23 -28.9 -28.2 52.8 S1.8 317.7 8.8271 -2.91656
g.134 13.68 13.65 26. -Sl. -28.3 -28.3 52.8 S1.7 332.7 @9.8271 ~-8.82531
8.955 13.68 13.65 17. ~54. -27.8 =2ql. 3 53.8 S2.7 342.7 8.8276 -8.82717
BASED ON OP/DR PS AND THETA
R/Rw Pt Ps vVt Va 0Tt DTs Tt Ts THETA 0s Gipsqatin)
psta psia ft/sec ft/sec deg deg F dag F deg deg Btu/ibmR 1bm/sec
8.961 18.37 15.79 Sl4. 179, -1.8 -25.4 79.8 54.6 251.7 98.9185 8.897%9
8.941 18.69 15.68 S49. 158. -2.9 =28.8 78.9 S1.7 253.7 @.8176 8.23949
g.921 18.84¢ 15.57 564. 154. -3.2 =31 77.¢ 48.6 254.7 @.3168 8.28827
g.922 29.54 15.43 686. 174. ~5.8 ~48.7 75.# 33.3 255.7 #.8899 2.18226
£.882 21.22 15.28 746. 162. ~6.8 -54.6 74.8 25.4 257.7 8.2071 8.89527
#.843 19.34 14.75 678. 123. -9.9 -4B.5 71.8 31 3s 259.7 #.8121 g.26914
g.764 16.41 14.87 SN, 66. -14.8 -36.6 66.4 43.4 262.7 8.8211 8.83457
8.685 14.52 13.86 288. 27. -19.8 -26.2 61.8 S4.9 264.7 8.8272 3.81341
8.636 14.84a 13.77 171. ta -23.0 -25.4 57.2 S4.6 267.7 @£.9278 8.88348
§.528 13.85 13.74 118. -d. -25.8 -26.2 55.8 53.8 271.7 ©9.8276 -d4.84173
g.449 13.81 13]. 21 114, -26. -27.8 -28.1 53.8 S|l B9 282.7 £8.8269 -8.81291
8.378 13.72 13.67 74. . -28.9 -28.5 52.3 S1.5 292.7 9.8269 -@.31533
5.231 13.67 13.67 191 =33/, -28.8 -26.8 52.9 52.38 382.7 8.3271 -8.8£627
8.213 13.69 13.66 38. -42. -28.9 -28.3 52.8 Si.7 317.7 £.8278 -8.82984
g.134 13.67 13.65 3. -45. -28.9 -28.2 52.8 S1.8 332.7 98.8271 -9.82239
BASED ON DIFERNTIAL EQUATION
R/Rw Pt Ps vt Va DTt DTs Tt Ts THETA oS Glpsain)
psia psta ft/sec ft/sec- deg deg F deg F deg deg Btu/1bmR lbm/sec
8.988 18.16 15.23 S31. 186. -g.5 -26.9 78.5 52.1 258.7 £.8198 8.18354
g.961 18.12 15.13 S41. 179. -1.8 ~-28.9 79.8 52.8 251.7 @8.8221 #.89898
8.941 17.98 15.83 545, 159. -2.8 -28.9 78.3 S1.1 253.7 8.4282 8.98772
8.92 17.898 14.92 543. 148. -2.9 -29.4 77.8 5d.6 254.7 @.928€5 8.98123
8.982 17.52 14.82 S31. 185. =5 .8 -38.8 75.8 S8.9 255.7 0.9287 8.37359
g.882 17.18 14.71 S15. 1512 -6.8 =491 74.8 5g.9 257.7 ©8.93216 8.86847
8.843 16.62 14.52 483. 8. -9.8 =29.1 71.8 59.9 259.7 8.3225 8.346863
8.764 15.52 14.21 393. 30. -14.2 =201 66.89 8g2:. 9 262.7 8.9249 2.825995
g.685 14.76 13.99 306 . 28. -19.8 -26.9 61.8 S3.14 264.7 ©05.8261 g.914844
8.696 1¢.24 13.85 228. 9. =213]. ) -27.9 57.8 53.9 267.7 9.8267 B.22441
g.528 14.38 13.77 171. =S, -25.9 -27.4 55.8 52.6 271.7 B8.3269% -8.20260
3. 449 13.84 13.71 124 -28 -27.0 -28.3 53.7 S1.7 282.7 @8.08268 -3.21487
8.37 13.72 13.68 2 -26 -28.9 -28.4 52.2 51.6 292.7 P#.J269 -2.313J4
£.29! 13.78 13.67 43 =32 -28.98 -28.3 52.8 51.2 382.7 9.9279 -9.31394
g.213 13.68 13.66 29 B2 -28.9 -28.2 52.9 51.8 317.7 8.3271 -3.8t612
#.134 13.68 13.66 23 -45 -28.8 =2i81. /2! 52.3 51.8 332.7 9.98271 -9.92243
8.455 13.68 13.65 17 -54 =217 Srlv)o) 53.9 52.7 342.7 £8.3276 -8.82717
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Table 3 (Continued)

Test NO. 1226 N=1 NN=17 Patme14.24 psia Pinlet=34.55 psia Tinlet=82.9 deg. F

Cin=2.1243 lbm/sec Cout=g.1175 Ibm/sec GPout=g9.1156 Ibm/sec GDout=g.1261 Ibm/sec
Eine §.161E+82 Btu/sec Eoute 5.153€+32 Btu/sec DPout= F.152¢+82 Btu/sec EDout= G.163E+A2 Btu/sec

DS= §.373E-82 Btu/R.zec DSP= J.555£-92 Btu/R.sec DSD= #.S519E-£2 Btu/R.sec
DELTA THETA- z.9 DEG
EASED ON PT PS AND THETA
Pt

R/Rw Ps vVt Va DT DTs Tt Ts THETA DS Glpsqin)
psta psta ft/sec ft/sec deg deg F deg F deg deg Btu/1bmR 1bm/sec
8.988 23.14 17.69 668 . 192. 4.8 ~36.2 84.8 43.8 253.9 £.8293 8.12649
8.%61 23.12 17.45 682. 196. 3.8 -38.9 83.9 LY. 1 253.9 9.2289 £.12816
g.94 22.990 7.2 688. 185. 11.19) -49.8 81.5 39.2 254.9 9.2289 g.11988
§.921 22.56 17.94 685. 172. =i~ g ~42.5 79.8 37.5 255.9 8.2288 g.11816
g.9g2 22.12 16.91 6569. 168. =43, S! -4k 1 76.5 36.9 255.9 #.8298 £.18634
2.832 21.64 16.84 81513, 15¢t. -6.3 -43.3 74.3 36.7 256.9 9.4294 8.09583
g.843 2¢.64 16.44 5249. 1581 § Np.l5 -43.8 68.5 35.2 258.9 0.8382 B.87545
g.764 18.84 15.37 587. 83. ~28.2 -49.3 59.8 29.7 261.9 8.A321 8.94894
£.685 17.34 14.88 Si8. 45, -29.2 -£9.3 59.3 28.2 264.9 2.v336 3.82579
8.536 16.86 14.17 468. 17. -36.8 -53.6 43.8 25.4 267.9 9.8255 3.84985
£.528 14.88 13.21 446. SHISE -43.9 -£9.6 36.9 19.4 271.9 9.8274 -2.28781
£.4439 -13.88 12.55 436. -35. -5g.2 -€3.8 28.5 14.7 274.9 9.338S -9.£21741
8.320 13.88 11.98 375. —-52|. -S6.3 -67.9 2. S 19.6 277.9 9.8296 -0.82494
8.291 12.36 Iy SP2 331. -64. -62.8 -71.5 16.5 7.8 289.9 3.8495 -8.32961
g.213 11.84 11.26 2SI -73. -67.3 -73.8 11.8 4.2 284.9 B.84956 ~-0.83338
8.134 11.42 11,14 188. =16ty -71.8 ~i7/4 N3 7.8 37 287.9 B8.8411 -8.82749
8.855 11.42 1i.14 188. -61. -71.8 -74.3 7.8 3.7 287.9 £.8411 -8.82749
BASED ON DP/OR PS AHD THETA
R/Rw Pt Ps vt Va DTt 0Ts Te Ts THETA DS Gipsqtn)
psta psia t/sec ft/sec deg deg F deg f deg deg Btu/ibmR lom/sec
8.961 24.36 17.45 748, 213. 3.8 ~46.3 83.9 33.7 253.9 8.82S3 g.14116
8.941 23.13 17 283 788. 188 1.5 - &2, 2 81.5 37.8 254.9 B8.8282 A.122.6
£.921 21.26 17.84 617. 155 =il & -34.7 79.8 45.3 265.9 9.832 §.39772
7.942 2n.481 16.91 534. 134 =315 -28.7 76.5 51.3 255.9 8.8359 8.28287
#.882 20.77 16.88 598. 139 -6.2 -37.4 74.8 42.6 296.9 9.23322 B.38798
B.843 22.36 16.44 717 149 -18.5 -55.8 68.5 24.8 258.9 8.8247 2.88929
B.764 15.59 15.37 648, g, -298.8 -54.8 59.8 24.2 261.9 2.8294 2.25398
§.685 17.%8 14.88 S41. 48. -29.8 -53.5 5g.8 25.5 264.9 @.8322 8.82749
#.686 17.686 14.17 646. 22. -36.8 -66.6 43.@ 12.4 267.9 8.8298 3.01225
g.528 16.14 13.21 SiZS.. =119 -43.9 -78.9 36.49 8.5 271.9 2.p318 -9.014932
8.449 14.48 12.5S 474, =41, -58.8 -68.8 28.5 9.7 274.9 8.23539 -9.82853
8.379 13.27 11.98 483, -56. -56.8 -69.8 22,8 8.7 277.9 @.8386 -£.92697
£.291 12.23 11.52 387. =59 -62.8 -78.1 16.5 8.4 288.9 @.8412 -83.22734
§.213 11.53 11.26 g, SIS -67.8 -78.2 11.8 7.8 284.9 g.9424 -9.82297
B.134 11.28 11.14 83. =7. -71.8 -71.6 7.8 6.4 287.9 2.8424 -2.81287
BASED ON DIFERNTIAL EQUATION
R/Rw Pt Ps vt Va 0Tt 0Ts Tt Ts THETA 0sS Glpsqin)
psta psia ft/sec ft/sec deg deg F deg F deg deg Btu/lbmR 1bm/sec
g.938 23.14 17.17 782. 282. 4.9 -48.5 84.8 39.5 253.9 £.8293 B.13827
9.961 23.12 16.96 714, 286. 3.8 -43.8 83.9 37.9 253.9 2.8289 2.13152
g.9¢1 22.99 116]. ZS 728. 194, 1.5 -44.8 81.5 35.2 254.9 9.3289 g.12282
£.921 22.56 16.54 719. 189. -1.8 ~-46.8 79.8 33.2 255.9 @.8288 3.1132
g.94g2 22.12 16.32 718, 178. -3.5 -48.1 76.5 31.9 255.9 @.2299 g.11963
g.882 21.64 16.11 781. 163. -6.0 -49.2 74.98 39.8 256.9 £.9294 g.tg911
8.843 28.64 15.78 678. 138, ~18.5 -58.2 68.5 28.8 258.9 £.28392 8.07979
8.764 18.84 14.93 627. 89. -28.3 -53.4 $59.9 25.6 261.9 2.8321 g.d5114
B.685 17.34 14.24 S S =29.9 -56.9 5.8 28.1 264.9 8.8336 3.82828
8.686 16.26 13.68 529. 19. -36.2 -59.3 43.8 i9.7 267.9 9.8335 2.81318
B.528 14.88 13.84 469. -16. -43.8 -61.4 36.8 17.6 271.9 8.837s -3.a9814
£.449 13.88 12,55 496, =351, -£8.9 ~-63.9 28.5 14.6 274.9 9.8365 -3.231742
8.379 13.98 12.13 348. -49. ~5'6]. 2 -66.3 2195 12.2 277.9 @.9398 -9.792338
8.291 12.36 11.78 274, =53], -62.2 -68.5 16.5 18.8 280.9 2.8485 -9.32436
8.213 11.84 11.52 294. -54. -67.3 -78.7 11.9 Z. 3 284.9 9.9486 -3.32511
g.134 11,42 11.35 95. =31l -71.8 -71.8 7.9 6.2 287.3 ©£.J0411 -2.314185
§.355 1o, 42 11.14 188. -6l. -71.3 -74.3 7.8 317 287.9 £.9411 -8.82749
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APPENDIX D

ERROR ESTIMATION OF MEASUREMENT

The measured values were sound pressure level (SPL), total
temperature (T#*), total pressure (p*), static pressure (p), and flow
angle (o), obtained at various radial positions (r).

The error of sound pressure level was * 0.2 dB, using the fre-
quency analyzer (Bluel and Kjaer, Model 2033).

The error of total pressure was smaller than the error of
pressure transducer; the pressure transducer used for the total
pressure was Kulite, Model ETM-375, the accuracy of which was within
t 1% at full scale (100 psig).

The error of static pressure was * 0.57% including the error
of pressure transducer (Honeywell, Model 415, accuracy: * 0.35%).

The total temperature was measured by using Chromel-Alumel
thermocouple made by Omega; its error was * 0.5°F.

To measure the flow direction and the positioning of the
probe, the traversing unit was used. The accuracy of positioning

was within * 0.1 mm (0.004 inch), and flow angle * 0.5 degree.
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