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ABSTRACT

Following the installation of a new exhaust silencer in a gas
turbine test cell, the cell's former airflow characteristics had to be
reestablished. Various methods for estimating total cell airflow were
reviewed and compared. As a means of adjusting this airflow, a
variable position flow spoiler was designed, built, and installed in
the exhaust collector. Two independent methods of airflow estimation
were used to determine a spoiler position which would reproduce the
original cell airflow characteristics. The cell airflow augmentation
ratio (total cell airflow to engine flow) was used as the correlating
parameter.

RESUME

Aprés 1'installation d'un nouveau silencieux dans une chambre
d'essai des turbines d gas, il a fallu revoir les caractéristiques de
1'écoulement total dans la chambre. Diverses méthodes d'estimation de
1'écoulement total de 1'air dans la chambre ont été examinées et
comparées. Pour régler 1'écoulement de 1'air dans la chambre, on a
congu, construit et installé un spoiler d& position variable dans 1le
collecteur d'échappement. Deux méthodes indépendantes d'estimation de
1'écoulement d'air ont été utilisées pour déterminer la position du
spoiler qui reproduisait les caractéristiques originales de
1'écoulement d'air dans 1la chambre. Le taux d'augmentation de
1'écoulement d'air dans la chambre (rapport de 1'écoulement dans 1la
chambre & 1'écoulement dans la turbine) a été utilisé comme paramétre
de corrélation.

(ii1)
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AN AERODYNAMIC CALIBRATION OF A GAS TURBINE ENGINE TEST CELL

1.0 INTRODUCTION

The Engine Laboratory has been participating in two test cell
correlation programs. One program involved two J57 turbojet engines
travelling to test facilities of participating NATO countries
(Rudnitski and Grabe, 1981). In the other program, the Laboratory
provides a 1ink in the correlation of a General Electric test cell and
three Canadian Forces engine test facilities, built for the testing of
F404 turbine engines (Hastings, 1982).

For both programs, test cell No. 5 of the Engine Laboratory
had been selected. Because noise, especially from the afterburning
F404 engine, was insufficiently reduced by the existing exhaust
collector silencer, a new silencer had to be installed in its place.
The modern design of this new silencer resulted in a pressure drop
which was an order of magnitude lower than that of the old one. While
the silencer improved the test cell performance, the significant
reduction in test cell back pressure resulted in different airflow
characteristics in the cell. Hence, for the completion of the two
correlation programs that were under way, a means had to be found to
return test cell No. 5 to its original aerodynamic state.

2.0 OBJECTIVE

The objective of this report is to document the aerodynamic
correlation between the original and the modified state of test cell
No. 5. Different methods for calculating test cell airflow needed to
be integrated. Finally, a correlation parameter had to be established
which would be a unique function of the test cell aerodynamics.

3.0 DESCRIPTION OF TEST CELL
3.1 General

A side view of the general layout of test cell No. 5 is given
in Figure 1. Ambient air enters the cell through three banks of zig-
zag sound splitters, which are 7.6 m (25 ft) wide and 4.6 m (15 ft)
high. Wire mesh on the upstream and downstream faces of this group of
silencing baffles prevents large debris (e.g. leaves, baffle material)
from entering the test cell. In the plan view, the inlet plenum forms
a trapezoid, with one side perpendicular to the baselines. On the
opposite side, the width of the plenum is reduced from 7.6 m, at the
splitter exit, to 4.6 m at the test cell entrance. Downstream from the
plenum, the cell cross-section remains constant at 4.6 m (15 ft)
square. A manually operated door at the front of the test section
entry allows closing of the cell whenever the engine is not running.

The intake section, test cell, and exhaust stack are
constructed of heavy reinforced concrete. A 100 mm (4 in) thick sand-
filled acoustic wall, spanning the full cross-section of the test cell
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around the augmentor tube and the three banks of inlet sound splitters,
minimizes the propagation of engine noise to the outside environment.

The engine test stand is mounted on a thrust frame, which is
suspended by flexure plates from I-beams anchored in the test cell
floor. A force-measuring cell is placed between the front of the
movable thrust frame and a fixed crossbeam.

Major cell services include a 76 mm (3 in) compressed air
line, used for engine starting, and a 63 mm (2.5 in) fuel 1line.
Filtered fuel may be drawn at preset pressures from one of three
45 000 & (10,000 gallon) inground tanks.

The control and observation room is located on the starboard
side of the cell, approximately 6 m (20 ft) behind the engine test
bed,on a mezzanine floor 1.5 m (5 ft) above the test cell floor level.
The engine can be observed through a window at the operator's left side
or by means of a remotely controlled closed-circuit television camera.

3.2 Exhaust System

Engine efflux and entrained test cell airflow are ducted to
the atmosphere through a 2 m (6.5 ft) diameter augmentor tube followed
by a vertical silencer [Fig. 1]. In order to control the rate of
induced cell airflow, and hence air velocity, an axially adjustable
collector is placed in the augmentor tube inlet [Fig. 2]. Inside the
collector is an insert of a specific throat diameter, selected from
several inserts on hand. The combination of distance between exhaust
nozzle exit and collector, and of insert diameter will determine the
test cell bypass flow for a given engine efflux. For hot efflux
conditions, water may be sprayed radially into the hot gas stream at a
place close to the collector entry.

Exhaust stream noise is reduced by a silencer, designed by
Tacet Engineering Ltd., Toronto, Ont., and built by Welfab Construction
Ltd., Pointe-Claire, Qué. The silencer is of an open design in which
flat sound dampening panels are placed vertically in a rectangular
housing, well spaced for low aerodynamic loss. For further noise
reduction, an extension silencer can be placed on top of the existing
one.

4.0 AERODYNAMIC FLOW SPOILER

As mentioned in Section 1, the change of the exhaust noise
silencer greatly reduced aerodynamic losses. In order to reestablish
the cell exit conditions, as they existed during the initial phase of
the two correlation programs, an aerodynamic flow spoiler was designed,
built, and installed in the exhaust duct [Figs. 1 and 3]. The design
criteria were simplicity, ruggedness, and low cost, because the spoiler
was to be used for the completion of the correlation programs.

The flow spoiler consisted of eight 12.7 m (0.5 in) thick
triangular boiler plates, hinged at the base. A simple adjustment bar
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permitted the tilting of each plate, which changed the area projected
to the airstream. The angles of the plates were kept identical to
maintain aerodynamic symmetry within the duct. The degree of flow
spoiling required was such that, together with the inherent losses in
the new silencer, the combined losses equaled that of the old silencer.
The arrangement worked quite well, as will be seen from the test
results.

5.0 AERODYNAMIC CORRELATION METHODS

Engine performance is affected by the geometry of the test
cell in which it operates. The gross thrust at a given test condition
consists of a measured scale force, obtained by a thrust meter, and
aerodynamic forces acting on the engine and its test stand. These
aerodynamic forces are a function of the airflow into the engine, as
well as the airflow passing through the test cell, past the engine,
into the exhaust collector (Hastings, 1982). It is this secondary
airflow which is a function of test cell geometry, including inlet and
outlet silencers, cell ¢ross-section, wall protrusions, exhaust
collector geometry and positioning, and other elements.

Changes to the cell aerodynamics will affect engine perfor-
mance in several ways. The engine efflux acts as an ejector inducing
airflow around the engine, which in turn, creates form and friction
drag on the engine and stand, affecting the measured scale force. The
ejector action also increases the inlet velocity in the cell, thus
altering the inlet momentum component of gross thrust.

Many engine performance parameters used in analysis include
the cell static pressure , Pr, and the tail-pipe ambient pressure, Pa
[Fig. 4]. Maintaining a correlation between these pressures after cell
modification depends on the tuning of the cell airflow and the ejector-
induced secondary airflow passing around the engine.

Engine airflow was obtained from an airmeter installed ahead
of the engine inlet and by analyses previously described (Rudnitski et
al., 1983). Some cell airflow measurement methods are insensitive to
cell modifications. They are described in the following sections.

5.1 Determination of Test Cell Airflow
5.1.1 Energy balance method

Considering the test cell as a control volume, an energy
balance was derived relating measured parameters to the unknown total
cell airflow. The measured fuel flow of known initial enthalpy and
heating value was added to engine airflow with an assumed combustion
efficiency. An unmeasured amount of air of known initial enthalpy
entered the cell to meet engine airflow and induced secondary airflow
requirements. The secondary flow and the engine exhaust were assumed
to mix thoroughly in the collector and silencer, so that a uniform
efflux temperature could be measured at the stack exit [Fig. 4].
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Equating the energy entering and leaving the control volume,
the total cell airflow may be expressed as:

ie < TECLAV © Meomp + He - Hop)
HsT - Hj
where
Wc = test cell total airflow
WF = engine fuel mass flow
LHY = fuel lower heating value
Ncomb = combustion efficiency
HF = fuel enthalpy as supplied to the cell
Hst = exhaust stack enthalpy
Hj = air enthalpy at cell inlet

An "effective" inlet velocity can be calculated from this
airflow, inlet air density, and the cross-sectional area of the cell.

5.1.2 Direct velocity measurement method

An independent determination of cell airflow was carried out
by measuring cell velocity directly. Propeller anemometers were
mounted at seven locations on a vertical beam in the cell inlet
[Fig. 1]. Simultaneous recordings of the seven anemometer outputs,
averaged over ten seconds, were made at eight lateral positions across
the cell. Further measurements were made using stationary anemometers
to determine the extent of the cell wall boundary layer. Two
additional horizontal positions were then added to the measurement
grid. The apparatus is shown in Figure 5.

To calculate the total cell airflow, the cell cross-sectional
area was divided into 88 subareas. These were defined by the measure-
ment grid of the seven vane anemometers on the boom, the ten horizontal
measurement planes, and the walls, ceiling, and floor, where a zero
velocity was assumed. The velocity of the air within each subarea was
taken to be the average of the measurements at its four corners.
Summation of the subarea airflows yielded the total cell airflow,
which together with the cell geometric area and the air density,
allowed the estimation of a mean velocity at the cell inlet.

5.1.3 Wall static correlation method
Airflow through the cell results in a depression of Tlocal

static pressure, Pr, from a reference total pressure, P,, measured in
the control room. A correlation of the cell airflow tB this readily
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measured static pressure could be developed. Making use of Bernoulli's
equation, the corrected airflow in the cell can be shown to be
proportional to the depression as:

A comparison of test cell depression measurements by various
instruments is given in Table 1. Data from airflow calculations
(Section 5.1.1) were used to prepare the calibration curve shown in
Figure 6. This relationship between the test cell wall static pressure
and airflow was assumed to hold for subsequent installations,
especially those with the same engine. The inlet velocity profile
associated with the installation is described in Section 7.0.

6.0 CELL AERODYNAMIC CORRELATION

Prior to the cell modification, cell airflow had been
calculated by the energy balance method (Section 5.1.1). This approach
was possible because of the uniform temperature profile across the exit
plane of the original silencer. Sufficient mixing of the engine
exhaust and. secondary airflow took place so that the arithmetic mean of
the twelve thermocouple measurements, at the exhaust stack exit, could
be used as the effective exit flow temperature.

Engine test cell interaction can be characterized by the cell
augmentation ratio, the ratio of corrected total cell airflow to
corrected engine airflow:

WCJTT/PR We/Ti

We/Te/PR  We/Te

Measurement locations and nomenclature are shown in Figure 4.

AR

A unique relationship was established between the augmenta-
tion ratio, AR, and the engine nozzle pressure ratio, Pe/Pa, for the
test cell with the original silencer. Data from five test runs of a
turbofan engine in the 10,000 pound (44.6 kN) thrust class, yielded the
calibration curve in Figure 7. The test data, obtained from the energy
balance method, agreed to within %1%, which is about the expected
uncertainty in the parameter.

A similar approach was attempted with data from runs with the
new silencer. Unfortunately, the extreme non-uniformity of the exhaust
temperature distribution, at the exit of the new silencer, made it
impossible to determine the required mass flow-weighted mean tempera-
ture [Fig. 8]. Consequently, cell airflow was inferred from test cell
pressure depression (Pr) with respect to a reference in the control
room (PR).
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Data with the new silencer installed could, therefore, be
compared with the original configuration [Fig. 7] by using measured
test cell depression and the calibration curve of Figure 6. As
expected, the lower pressure 1oss from the new silencer required the
deployment of the exhaust collector spoilers [Fig. 2], in order to
reestablish the original test cell exit pressure conditions. Cell
augmentation ratio data with the spoiler half and fully closed are
shown in Figure 9.

Based on these data, the spoiler was adjusted to position 9
and three additional test runs were conducted. Augmentation ratios,
derived from propeller anemometer and test cell pressure measurements,
for these runs were compared with the original flow characteristics
[Fig. 7] in Figure 10. For nozzle pressure ratios above 1.8, the
methods of determining pumping ratio are in good agreement. Below the
ratio of 1.8, the test cell depression is too low to calculate airflow
reliably from the calibration curve in Figure 6.

For several throttle settings, measurements of the test cell
depression were obtained from a series of transducers. The close
agreement of the various readings in Table 1 added confidence to the
derived airflows, since the calibration [Fig. 9] was quite sensitive to
the test cell depression, which was at most 0.2 kPa (0.03 psid).

7.0 CELL AIR VELOCITY CHARACTERISTICS

Air velocity measurements made during the calibration
supported additional analyses. The close agreement of the two methods
of estimating airflow also allowed the selection of a single measuring
location which approximates the mean cell velocity. Appendix A
summarizes the test cell velocity surveys, and can be used to identify
locations where the local velocity approximates the overall mean value
across the cell. Subsequent test programs may, therefore, be conducted
with a calibration and measured airflow or velocity data.

Some characterization of the cell airflows was possible from
the propeller anemometer surveys carried out at the cell and bellmouth
inlets. A summary of the data is provided in Table 2, illustrating the
velocity profiles at the cell and bellmouth inlets, along the cell
centreline. The cell mean velocity obtained from the integration of
the propeller anemometer measurements at the cell inlet was used as a
basis for comparison.

Actual velocity measurements at the cell inlet, on the engine
centreline, overestimated the inlet mean velocity by 1 to 1.5 m/s.
This non-uniformity of flow at the cell inlet showed the importance of
conducting the velocity survey in determining a mean velocity.

Cell inlet and bellmouth inlet data were taken during two
separate test runs. Good agreement was observed between both the
calculated and measured velocities at the cell inlet [Table 2]. The
following observations about the bellmouth and cell inlet flows were
made:
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i) At the engine centreline, the cell and bellmouth measured
velocities agreed within 0.5 m/s.

ii) Velocities near the ceiling were lower in the plane of the
belimouth inlet than at the cell inlet.

iii) The velocity profile at the bellmouth showed a deficit just
below the engine centreline.

iv) The velocity profile at the cell inlet exhibited a peak about
2.2 m from the floor.

Some of the profile differences are shown in Figure 11.

The cell velocity derived from these measurements was
ultimately used to calculate inlet momentum and drag contributions to
the engine gross thrust. Assuming that the engine airflow, We, was a
repeatable function of nozzle pressure ratio, matching the augmentation
ratio implied that the cell inlet velocity had been reproduced. In
fact, the data showed the AR agrees within 2%. If all this difference
were attributed to cell velocity, the corresponding deviation in gross
thrust has been estimated at 0.07 to 0.1% (Rudnitski et al. 1983).

8.0 SUMMARY

A method of recalibrating a test cell after modification of
the exhaust silencer has been developed. Cell airflow characteristics,
as described by the cell augmentation ratio, could be reproduced with
spoilers placed in the exhaust collector, upstream of the silencer
module.

Two 1independent methods of calculating total cell airflows
were in good agreement for a given setting of the spoilers.

Test data were used to correlate cell airflow to a single
static pressure measurement on the cell wall. Measurements of this
static pressure, with several transducers, support the use of the
correlation to estimate airflow with a 1% uncertainty.

Velocity profiles in the test cell were characterized at the
cell inlet and engine bellmouth inlets. Single point locations for
anemometers were established where the measured velocity approximated
the mean velocity.

Errors in comparing gross thrust measurements between the old
and new cell configuration were estimated at 0.07 to 0.1%.

9.0 RECOMMENDATIONS

i) Cell airflow velocities should be determined from correlation
with a wall static pressure.
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10.0

ii) Additional measurements of the actual velocity should be made
with anemometers at selected positions in the cell inlet and
adjacent to the engine.

iii) Adjustment of spoilers to match or set desired cell airflow
should be done to ensure comparability to previous tests to
within 1%.

iv) Spoiler setting 9 should be used to duplicate F404 and J57
cell airflow characteristics.
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Figure S5: Propeller Anemometer Apparatus for the Direct
Measurement of Cell Velocity
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FIG. 7 : NO.5 CELL EXHAUST SYSTEM CALIBRATION
— BASELINE BEFORE SILENCER MODIFICATION —
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FIG. 8 : NO.5 TEST CELL STACK TEMPERATURE PROFILE
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FIG.9 : NO.5 TEST CELL AUGMENTATION RATIO
WITH VARIOUS SPOILER SETTINGS
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FIG. 10 : TEST CELL EXHAUST SYSTEM CALIBRATION

CELL PUMPING RATIO AS A FUNCTION OF NOZZLE PRESSURE RATIO

ALL RUNS : SPOILER POSITION 9
TCD : test cell depression - derived airflow
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FIG. Il : COMPARISON OF VELOCITY PROFILES AT CELL AND BELLMOUTH INLETS
NO.5 CELL , CENTRELINE, VERTICAL PROFILE
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Table 1: Comparison of Test Cell Depression Measurements (Run 36)
MEASURED TEST CELL DEPRESSION (kPa)
MEASUREMENT
SOURCE TRANSDUCER (NOMINAL ACCURACY AT 0.1 kPa)*
SLANT
CAPACITIVE TYPE MANOMETER
DIGIQUARTZ DATAMETRICS DRUC DWYER
BAROCEL TYPE 103 TYPE PDCR 32 | MODEL 25
15 PSI 100 in. WATER 5 PSID
NOZZLE (0.015%) (0.1%)* (0.1%) (1%)
PRESSURE [£0.01 in.
RATIO water]
3.37 0.13 0.12 0.11 0.12
3.22 0.20 n.a 0.19 0.19
2.56 0.16 n.a. 0.15 0.15
2.1 0.12 0.10 0.10 0.12
NOTE: * The Digiquartz and slant manometer were read manually, while the

others were outputs of the data acquisition system, which intro-

duces some additional

errors.
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Table 2: Comparison of Cell Centreline Velocity Profiles
at the Bellmouth and Cell Inlet

MEASUREMENT | THROTTLE PROPELLER ANEMOMETER MEASUREMENTS* (m/s)
PLANE SETTING
(NOZZLE |CALCULATED HEIGHT ABOVE FLOOR (m)
PRESSURE MEAN
RATIO) YELOCITY | 0.4 | 1.0 | 1.6 | 2.2 | 3.1 | 3.8 | 4.2
(m/s)
Cell 3.22 5.5 6.4 | 6.9 | 6.9 | 9.7 6.7 7.8 | 8.8
(Run 36)
2.56 4.9 5.7 | 6.1 | 6.0 | 8.8 | 5.7 | 7.2 | 8.1
2.10 4,2 4,9 | 5.2 | 5.0 | 7.4 | 5.0 | 6.3 | 6.9
Cell 3.35 5.6 7.1
(Run 37)
2.98 5.1 6.9
2.45 4.5 6.1
2.24 4.3 5.6
Bellmouth**| 3.35 7.4 | 6.1 | 7.6 |83)|7.8]|7.8] 7.0
(Run 37)
2.98 6.6 | 4.8 | 6.5 | 8.1 | 7.6 | 7.7 | 7.0
2.45 6.4 | 4.9 [ 5.9 | 7.2 | 6.9 | 6.8 | 6.0
2.24 6.0 | 4.8 | 5.7 | 6.9 | 6.4 | 6.3 | 5.6

* Measurements were taken at 2.4 metres from cell's east wall.

** Bellmouth inlet measurements were taken about 1.3 metres ahead of
the bellmouth.

NOTE: Engine centreline is at approximately 1.6 metres above the floor.
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APPENDIX A

TEST CELL VELOCITY SURVEY SUMMARY

The horizontal and vertical locations of the eight propeller
anemometers are shown in Table 3. They were located 0.38 m downstream
of the. test cell inlet door. Subareas of the cell, formed by measure-
ment locations at each corner, are shown in Table 4.

Measured cell velocities, averaged velocities in each subarea
(based on measurements at the four corners), mean velocities, and total
cell flows are shown in Tables 5, 6, and 7 for three different throttle
settings. Velocities on the walls, ceiling, and floor were assumed to
be zero. Earlier surveys have shown that a vertical measurement plane,
0.2 m from the east wall, should also be assigned a zero velocity,
because of its location in a separated flow regime [Fig. 5]. The last
vertical measurement plane before the west wall is derived from a ratio
of the anemometer 8 measurement and the profile measured at the second
last vertical plane.

Table 3: Propeller Anemometer Locations

ANEMOMETER VERTICAL LOCATION HORIZONTAL LOCATION
(metres above floor) (metres from east wall)
1 0.41
2 1.02 Anemometer array 1 to 7
3 1.63 sequentially positioned at
4 2.24 0.60, 1.05,
5 . 3.15 1.50, 1.96, 2.41, 2.87,
6 3.76 3.33, 3.78
7 4.17
8 2.24 4,32 (stationary)
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Table 4: Cell SubAreas Used for Integration of Cell Velocities
CELL AREAS (in?)

EAST
126.0 130.0 192.0 288.0 192.0 192.0 192.0 128.0
244.1 251.9 372.0 558.0 372.0 372.0 372.0 248.0
283.5 292.5 432.0 648.0 432.0 432.0 432.0 288.0
277 .6 286.4 423.0 634.5 423.0 423.0 423.0 282.0
285.5 294.5 435.0 652.5 - 435.0 435.0 435.0 290.0
279.6 288.4 426.0 639.0 426.0 426.0 426.0 284.0
285.5 294.5 435.0 652.5 435.0 435.0 435.0 290.0
281.5 290.5 429.0 643.5 429.0 429.0 429.0 286.0
283.5 292.5 432.0 648.0 432.0 432.0 432.0 288.0
330.8 341.3 504.0 756.0 504.0 504.0 504.0 336.0
157.5 162.5 240.0 360.0 240.0 240.0 240.0 160.0

WEST

AOoOoOoOrm
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Table 5: Results of Run 36 - Point 1 Velocity Survey
(Nozzle Pressure Ratio of 3.22)

POINT 1

TOTAL FLOW AREA 225.0 ft?

AREA * VELOCITY 4059.84 ft®/s
MEAN VELOCITY 18.04 ft/s

MEASURED VELOCITIES (m/s)

EAST
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 8.90 11.04 10.48 6.77 3.71 0.67 -0.49 0.00
0.00 9.63 10.26 9.53 9.12 7.38 5.96 5.74 0.00 | F
0.00 10.32 9.61 9.19 8.72 8.31 7.48 5.59 0.00 |
0.00 10.08 9.3 8.74 7.92 7.65 7.48 6.40 0.00 | R
0.00 9.66 8.85 7.75 6.71 6.87 6.89 6.43 0.00
0.00 9.56 7.81 6.21 4.22 5.33 5.96 5.90 0.00
0.00 8.95 7.01 4.43 4.13 3.78 5.35 5.40 0.00
0.00 8.60 6.39 2.76 5.37 4.53 4.75 4.86 0.00
0.00 11.30 8.40 3.63 7.06 5.95 6.24 6.39 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

WEST

AVERAGED CELL VELOCITIES (m/s)

EAST
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2.22 4.99 5.38 4.31 2.62 1.10 0.05 -0.12
4.63 9.96 10.33 8.98 6.75 4.43 2.97 1.3l
4.99 9.95 9.65 9.14 8.38 7.28 6.19 2.83
5.10 9.84 9.22 8.64 8.15 7.73 6.74 3.00 F
4,93 9.48 8.67 7.78 7.29 7.22 6.80 3.21 5
4.81 8.97 7.66 6.22 5.78 6.26 6.30 3.08 3
4.63 8.33 6.37 4.75 4.36 5.11 5.65 2.83
4.39 7.74 5.15 4.17 4.45 4.60 5.09 2.57
4.98 8.67 5.29 4.70 5.73 5.37 5.56 2.81
2.83 4.93  3.01 2.67 3.25 3.05 3.16 1.60

WEST
TEMPERATURE 24.8°C
PRESSURE 14.38 psia
DENSITY 0.07237 1bm/ft?®
*x*x TOTAL AIRFLOW 293.81 1bm/s
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POINT 2

Table 6:

Results of Run 36 - Point 2 Velocity Survey

-Ad4-

(Nozzle Pressure Ratio of 2.56)

TOTAL FLOW AREA 225.0 ft?
AREA * VELOCITY 3605.68 ft*/s
MEAN VELOCITY 16.3 (ft/s)

TEMPERATURE 24.3°C
PRESSURE 14.38 psia
DENSITY 0.07251 1bm/ft?®
**xx TOTAL AIRFLOW 261.47 1bm/s

MEASURED VELOCITIES (m/s)
EAST
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 8.35 9.93 9.43 5.94 3.32 0.65 -0.95 0.00
0.00 8.73 9.28 8.60 8.30 6.65 5.26 4.70 0.00
0.00 9.31 8.67 8.30 7.81 7.50 6.58 4.88 0.00
0.00 9.17 8.48 7.93 7.18 6.96 6.73 5.67 0.00
0.00 8.76 8.06 7.15 5.71 6.03 6.10 5.69 0.00
0.00 8.52 7.06 5.54 3.48 3.85 5.30 5.31 0.00
0.00 8.13 6.35 4.02 3.71 3.80 4.36 4.83 0.00
0.00 7.77 5.63 2.79 4.79 4,01 4.35 4.38 0.00
0.00 9.34 6.77 3.35 5.76 4.82 5.23 5.26 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O0.00
WEST
AVERAGED CELL VELOCITIES (m/s)
EAST
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2.09 4.57 4.84 3.84 2.32 0.99 -0.08 -0.24
4.27 9.07 9.31 8.07 6.05 3.97 2.41 0.94
4.51 9.00 8.71 8.25 7.57 6.50 5.36 2.39
4.62 8.91 8.35 7.81 7.36 6.94 5,97 2.64
4.48 8.62 7.91 6.99 6.47 6.46 6.05 2.84
4.32 8.10 6.95 5.47 4.77 5.32 5.60 2.75
4,16 7.52 5.74 4.19 3.71 4.33 4.95 2.54
3.98 6.97 4.70 3.83 4.08 4.13 4.48 2.30
4.28 7.38 4.63 4.17 4.84 4.60 4.81 2.41
2.33 4.03 2.53 2.28 2.64 2.51 2.62 1.32
WEST

AA00rm

A00rm
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Table 7: Results of Run 36 - Point 3 Velocity Survey
(Nozzle Pressure Ratio of 2.10)

POINT 3

TOTAL FLOW AREA 225.0 ft?
AREA * VELOCITY 3104.60 ft®/s
MEAN VELOCITY 13.80 ft/s

MEASURED VELOCITIES (m/s)

EAST
0.00 0.00 0.00 0.00 0.00 O0.00 0.00 0.00 0.00
0.00 ~ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 6.96 8.54 8.00 5.13 3.35 0.21 0.12 0.00
0.00 7.33 7.98 7.42 7.00 5.77 4.53 4.23 0.00 | F
0.00 8.01 7.45 7.14 6.75 6.46 5.80 4.47 0.00 5
0.00 7.89 7.28 6.86 6.27 6.01 5.83 4.89 0.00 8
0.00 7.41 6.90 6.26 5.01 4.99 5.16 4.93 0.00
0.00 7.37 6.12 4,95 2.71 3.02 4.30 4.62 0.00
0.00 6.85 5.26 3.11 3.63 3.44 3.71 4.20 0.00
0.00 6.58 4.80 2.42 4.27 3.29 3.69 3.68 0.00
0.00 7.95 5.80 2.92 5.16 3.97 4.46 4.44 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

WEST

AVERAGED CELL VELOCITIES (m/s)

EAST
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.74 3.88 4.14 3.28 2.12 0.89 0.08 0.03
3.57 7.70 7.99 6.89 5.31 3.47 2.27 1.09
3.84 7.69 7.50 7.08 6.50 5.64 4.76 2.17
3.98 7.66 7.18 6.76 6.37 6.03 5.25 2.34 F
3.83 7.37 6.83 6.10 5.57 5.50 5.20 2.45 é
3.69 6.95 6.06 4.73 3.93 4.37 4.75 2.39 R
3.56 6.40 4.86 3.60 3.20 3.62 4.21 2.20
3.36 5.87 3.90 3.36 3.66 3.53 3.82 1.97
3.63 6.28 3.98 3.69 4.17 3.85 4.07 2.03
1.99 3.44 2.18 2.02 2.28 2.11 2.23 1.11

WEST
TEMPERATURE 23.9°C
PRESSURE 14.38 psia
DENSITY 0.07264 1bm/ft?®
**x* TOTAL AIRFLOW 225.52 1bm/s
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