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This report is one of a series of reports of investigations into the

recirculation principle for ground effect machines. Previous reports
have covered small-scale two- and three-dimensional model testing and
construction and testing of a man-carrying test vehicle (MCIV) based

on this principle.

The MCTV, as originally tested, did not meet the lift performance
objectives and did not substantiate the results of the original model
experiments. Therefore, a subsequent series of Investigations was
undertaken to re-evaluate the effects of various parameters such as

area ratio, inlet and outlet ejector angle, and three-dimensional effects.
The results of these experiments are presented herein.

Based on these results, the predicted performance cf the existing
experimental vehicle is computed assuming a completely redesigned duct
system and compatible engine/compressor system. The hover height and
gross weight which result from these modifications are estimated as

18 inches and 5,000 pounds, respectively. This level of performance is
comparable to existing annular-jet GEMs of comparable size; however, the
inherently lower air-mass flow of the recirculation GEM configuration
would result in a drag advantage at forward speed and a reduction in
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FOREWORD

Martin-Orlando submits this report as a final report in full compliance
with the requirements of Contract No. DA 44-177-AMC-9(T). It contains
experimental data and analytical studies of its effort to determine

the maximum performance obtainable in the man-carrying test vehicle
(MCTV) with major modifications. The MCTV was constructed as a part

of Contract No. DA 44-177-TC-710 and is described in TCREC Technical
Reports 62-99, 62-100, and 63-1. The study was conducted from
November 1962 through Januvary 1963.

Mr. K. Cossairt, GEM Project Engineer, conducted this investigation
and received significant contributions from Messrs. J. Butsko,
C. Casteleiro and P, Vinson,
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SUMMARY

Analytical studies and experimental investigations were
conducted to determine the best overall MCTV performance
obtainable with essentially major modifications. Test-
ing was done in the existing two-dimensional test facil-
ity with various configurations of old (existing) and
new two-dimensional recirculating ejector models., Based
on these experimental data, estimates are made as to the
lifting capability, static stability and control of the
proposed modified MCTV., In addition, experimental data
is presented for the use of skirts and trunks for sev-
eral configurations. The effect of ground surface
roughness is also considered,




TWO-DIMENSIONAL PERFORMANCE

Recent investigations confirm that a decreased area ratio of the
secondary inlet to the primary nozzle exit results in a performance
increase of the ejectijet recirculation concept. These tests further
indicate that decreasing the area ratio in existing duct geometry,
originally designed for a large area ratio, does not result in the
maximum efficiency theoretically attributable to this system. There~
fore, a new two-dimensional model was built and tested to determine
the maximum MCTV performance obtainable with major modifications.

DESCRIPTION OF MODELS AND INSTRUMENTATION

The tests were conducted with a large scale two-dimensional device
(Figure 1). The front side of the device is constructed of plexiglass
to facilitate model adjustments and for observing flow patterns. The
ground board is movable in a vertical direction to permit testing at
heights up to 30 inches. Air is supplied to the ejector primary noz-
zles from the factory air source with pressures to 100 pounds per
square inch and mass flows to 2 pounds per second. This primary air
passes through a calibrated orifice at which point total head, tem-
perature and mass flow are recorded. The original Model 1 (Figures 2
and 3) was tested with minor modifications as identified by the con-
figuration numbers. For configurations 1 through 4 the only physical
change made in the original model was relocating the centerbody, al-
lowing various combinations of convergence and divergence in the mix-
ing section and turn. The underside of the centerbody was modified
and exit flaps were installed in Configurations 5 and 6.

A new modified Model 1 (Figures 4 and 5) was constructed incorporat-
ing the best features of the original Model 1 and with the addition of
new primary headers.,

Figure 6 shows a typical test installation with the manometer board

in the foreground and the original Model 1 with modified centerbody

in position on the two-dimensional test device, The original primary
nozzles are installed at the inlet of the ejector and static pressure
taps are located along the centerline at 2 inch intervals along the
entire length of the board. Figure 7 shows the new modified Model 1
with the airfoil header installed. A detail view of the streamlined
airfoil header is shown in Figure 8 along with the inlet rake assembly
for measuring inlet pressure recovery. Inner and outer flaps and the
permanently installed exit rake are located at the exit (Figure 9).
Two basic header configurations were tested in the new Model 1, with
header location and nozzle throat dimension variations. Detail views
. of these are shown in Figures 10 and 11 and an overall view is shown
in Figure 12. The airfoil header (Figures 7 and 8) and the finger
header was installed in Model 1 (Figure 14). 1In addition, the original




Model 1 header was modified to incorporate a multiple nozzle arrange-
ment (Figure 13). The inlet and exit rakes (Figure 15) were used in
all tests of the new Model 1,

EXPERIMENTAL RESULTS

Experimental results of the investigation are presented in two parts.
The first part contains basic data such as mass flow, horsepower and
base pressure for various configurations. The second part consists of
summary cross plots of factors such as efficiency, base pressure per
horsepower, and lift-power parameter,

The effect of relocating the centerbody of the original Model 1 to
provide various combinations of dimensions in the mixing and turning
sections is shown in Figure 16. The original Model 1, Configuration
1, provides the highest performance. However, it cannot be concluded
at this time that a converging mixing section with a diffusing turn is
necessarily optimum. From these data it can be concluded only that
the original dimensions provide best results for this particular model
over the range tested., The technique of moving the centerbody to ob-
tain various combinations of convergence and diffusion simultaneously
changes other factors, such as area ratio and mixing section pressure,
These interactions compound the difficulty in analyzing data. Con-
trary to normal practice of minimizing turn losses by converging in
the turn, best performance was obtained by Model 1 with either a con-
stant area or diffusion turn. At lower primary pressures, improved
results are obtained with a diffusing mixing section regardless of the
condition of flow in the turn. This rapid rate of improvement in per-
formance at the low primary pressure region of Configurations 2 and 3
seems to warrant further investigation.

Figures 17 and 18 show typical velocity and total head profiles of the
tertiary flow measured at the ejector exit. The characteristic high
energy velocity and total head at the outer streamlines of the exit
flow are apparent. The primary mass flow as a function of primary
pressure was plotted for two area ratios (Figure 19). At the lower
area ratio the scatter in the data is more pronounced because of the
difficulty in obtaining accurate total head readings at the lower
pressures and higher mass flows. The airfoil and finger headers re-
sults are shown and indicate reasonably good correlation between
orifice areas and nozzle coefficients,

Figure 20 shows horsepower required as a function of mass flow for two
area ratios tested., In addition, a curve based on theoretical con-
siderations obtained by cross plotting the results of Figure 21 is
shown for comparison, The horsepower required per foot of length of
primary header is shown in Figure 22 as a function of primary
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pressure and area ratio. Figures 23 and 24 show variation of base
pressure with height for Configurations 7 and 8, respectively. A
characteristic peak in base pressure is obtained with fixed exit flap
settings. The peak base pressure occurs at a height of approximately
12 inches for these configurations. The exit flaps have an appreci-
able effect on base pressure, especially at lower heights. As illus-
trated by the dotted portion of the curve in Figure 24, the base
pressure still increases as the height is reduced to 6 inches. This
was accomplished by setting the flaps at their optimum angle at each
height. The pronounced effect of the exit flap position on the base
pressure at lower heights was noted in all configurations tested.

The variation in cavity pressure as affected by lheight and primary
pressure and exit flap angle is shown in Figures 25 through 28. By
comparing Figures 24 and 27 it can be seen that improvement in base
pressure, as a result of optimizing the exit flap angle at the lower
heights, is generally the exact amount of improvement in the cavity
pressure. Figure 28 shows the required variation in the inner and
outer exit flaps as a function of height for Configuration 8., The
cavity pressure, as predicted by theory, is shown in Figure 29. 1In
comparison with experimental data the theoretically predicted cavity
pressure is higher than that obtained experimentally. In previous
testing of similar models (References 1 and 2) correlation between
experiment and theory has been reasonably good. It is believed that
the lack of correlation for this model is primarily a result of the
external geometry, in particular, the overhang dimension. It appears
that as a result of attempting to reduce the overall external dimen-
sions of the ejector, there is an external interaction between the
exit and inlet flow which adversely affects the cavity pressure,

Summary of Two-Dimensional Performance Data

The mass augmentation, as expected, was relatively low. Generally,
the values ranged from 5 to 10, and for a given configuration remained
essentially constant regardless of changes in height or primary pres-
sure, Figure 30 is a plot of mass augmentation as a function of pri-
mary pressure for two area ratios.

The lift-power parameter is shown in Figure 31 as a function of pri-
mary pressure and area ratio at a height of 18 inches. Experimental
data are plotted for area ratios of 23, 46 and 73, For comparison,
curves for 122 and 231 obtained from References 1 and 2 are shown.

The modified Model 1 performance has been improved only by approxi-
mately 25 per cent, because the original Model 1 performance was rela-
tively high initially and only minor detail changes were made in the
basic configuration.

Figures 32 and 33 show the efficiency as affected by height and primary
pressure. The pronounced influence that height has on efficiency is a




result of increased inlet pressure recovery made possible at the lower
height by higher base pressures, The effect of pr%mary pressure is
not so obvious. By definition, € = (m/m') (V/V')“, It has been
shown that mass augmentation remains relatively constant as primary
pressure is changed. Obviously, the ratio of tertiary velocity (V)

to the calculated primary velocity (V') must increase at a rapid rate
initially and then tend to approach a maximum value as pressure is in-
creased. Since the analytical expression relating tertiary velocity
and primary velocity (Reference 1) contains many variables and requires
an iterative process for solution, it was not possible at this time to
establish relationship. An empirical correlation was attempted but
meaningful results have not yet been reached., A more extensive study
in this area appears warranted,

A relatively linear variation between base pressure and primary pres-
sure is shown in Figures 34 and 35. These relationships could have
been deduced from the previous data by the following reasoning:

Po'x Kym (Figure 19)

and m/m' & K2 (Figure 30)

also, for a given geometry and at these low primary pressures,

V/V,z m/m,
combining

Po'nr K3m
and Po' ’lt’zKL+ v

The analytical expression for base pressure,
=2(t/h) (l+cos el)

Pr =] l-e

q 2
-—ﬁ- E.- T cos eé]

reduces to

PBAQ;KS mYV
for a given configuration at a constant height;
therefore, .

Po = K6 PB'




A summary cross plot relating base pressure, primary pressure, area
ratio and primary horsepower is shown in Figure 36. Lines of constant
power peak, with respect to base pressure, at an area ratio of
approximately 46. The data for area ratios 122 and 231 were taken
from References 1 and 2.

A summary tabulation (Table I) of all configurations tested, run
numbers and a brief description is presented on page 16, The basic
data for the 2-D performance is included in Table III,




STABILITY AND CONTROL

It is apparent that the pressure under the centerbody of the recircu-
lation systems will affect static stability and control of a vehicle.
Relatively small variations in this cavity pressure, located near the
perimeter of the vehicle, can produce sizeable moments in the roll

and pitch plane. The stabilizing contribution of this cavity pressure
was shown in a previous study (Reference 2). Also, reasonably good
correlation has been obtained with the analytical expression and ex-
perimental results in previous studies, However, the cavity pressures
obtained from Model 1 in this investigation do not correlate well with
the theory. This effect was observed during the performance phase of
testing, but because of the short study time, the stability and con-
trol model had already been fabricated. As a result, the following
data show that Model 1 is generally statically unstable unless the
exit flaps are varied as the height is changed.

DESCRIPTION OF MODELS AND INSTRUMENTATION

The results of tests conducted on a two-dimensional model with recir-
culating ejectors on opposing sides are shown in Figure 37. This
model, referred to as the double ejector model, is exactly a one half
scale model of the single ejector Model 1, Configuration 1. In addi-
tion, a hinge is provided where the outer wall of the ejector joins
the model base which permits testing at preset values of . The
ground board is movable in a vertical direction and can be tilted to
determine the effects of a pitch (roll) angle. At any combination of
height or pitch angle a vertical center board can be inserted to
eliminate interactions between the left and right ejectors. This is
helpful in synchronizing the performance of the two ejectors and iso-
lating such effects as cross flow under the base. Primary air is sup-~
plied individually to the two headers from the factory air source and
the headers are adjustable in location at the ejector inlet. Figure
38 shows details of the left header and primary nozzles. The overall
dimensions of the model are shown in Figure 39. The instrumentation
consists of an exit rake located in each ejector for measuring ter-
tiary flow properties, static pressure taps throughout the model and

a mass flow tube for determining the primary air properties. Three of
the four manometer boards are shown in Figure 40 showing typical pres-
sure gradients while the model is in operation. Approximately 200
static pressure taps are located along the length of the ground board
and model base as well as completely around the perimeter of both
centerbodies and along the inner walls of both ejectors. These data
are entered directly into an IBM loading form, and the machine data
reduction program provides read-outs as follows:

1. Static pressure at any point (lb/sq ft gage)

2. Integrated horizontal and vertical force on each component
(inner walls, outer walls, centerbodies, model base and
ground board) (1b/ft)
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3. Total integrated normal force and side force (1lb/ft)
L, Total integrated vertical force (1b/ft)

S. Pitching (rolling) moment (ft-1b/ft)

6. Velocity at each exit rake station (ft/sec)

7. Average velocity of each ejector (ft/sec)

3y

8. Average velocity-cubed of each ejector (ft3/sec
9. Momentum flux of each ejector (1b/ft)

10, Mass flow of each ejector (slugs/sec/ft)

1l. Mass augmentation of each ejector.

A plot of base pressure versus height is shown in Figure 41 for three
‘primary pressures. Realizing that this double ejector configuration
is exactly one half the size of Model 1, a direct comparison of base
pressures is possible providing the height is properly scaled, Com-
paring Figures 23 and 41, excellent correlation is obtained between the
two tests, if the height in Figure 41 is doubled.

To illustrate that the base pressure is a function of the weakest seg-
ment of the air curtain, the base pressure is plotted against a cor-
rected height in Figure 41 (plus symbols). Normally, the height of the
vehicle is referenced to the center of the base during a pitch (roll)
test, but in Figure 41 the base pressure is plotted against the height
of the ejector on the high side.

A1l of the static testing was done at heights of 5, 7 and 9 inches.
Unfortunately, as was shown in Figure 41, the lift curve reaches a
maximum value at 7 inches. Because of the great volume of data which
must be recorded for each run (approximately 200 readings) and because
of the shortness of the testing period, this condition was not de-
tected early enough for corrective measures to be taken. As shown in
Figure 24, the peak in the left curve could be virtually eliminated by
proper exit flap adjustments. For the configuration tested, at 7
inches or lower, heave stability is neutral or negative. Furthermore,
at 7 inches average height, as the model is pitched (rolled), one
ejector will tend to follow the base pressure trend down one side of
the curve and the other ejector will tend to follow down the opposite
side. Over the range tested and with the configuration tested (no
flaps adjustment and no undercut centerbody) the static stability pro-
perties are neutral or negative. This is further shown in Figure 42,
During the performance phase of this investigation, configurations
were tested which exhibited reasonably good static stability properties.




Correcting these data to half scale, the dotted line shown in Figure
42 represents the anticipated stability for Model 1, Configuration 8,
It is shown from the slope of the moment curve that relatively high
static stability properties are obtainable. From the slope of the
1lift curve, Figure 24, a high degree of heave stability is also
predicted.

The effect on pitching (rolling) moment as the ejectors are tilted

( ) is shown in Figure 43. It is concluded that control by ejector
tilt will be practical only on small vehicles with relatively high
base pressures. Structural considerations limit the size of ejector
assemblies which can be moved, and the control effectiveness deteri-
orates at low base pressures (low mass flux of the tertiary air).

Control by a differential throttling of the primary air to ejector
assemblies on opposite sides of the vehicle is shown in Figure 4h, It
is anticipated that varying the primary pressure in conjunction with
exit flap angle will provide an extremely effective control moment in
the pitch and roll plane. In addition, inlet flaps discussed in the
following section show an additional possibility of obtaining a con-
trol moment from the base pressure distribution (Figure 45).

The basic data for the stability and control tests is presented in
Table I1I,




SKIRTS AND TRUNKS

It is not anticipated that flexible extensions to the inlet or exit of
the recirculating ejector will improve performance to the degree that
has been accomplished for the annular jet concept. However, because
of the apparent success of this approach with the annular jet configu-
ration a series of tests was conducted to determine its feasibility as
related to the best ejectijet configurations. Previous investigation
of skirts or trunks on ejector recirculation models had not provided
any significant improvement., These tests were done on configurations
of relatively high area ratios, and hence high mass augmentation
ratios, while the current configurations being investigated have low
area ratios,

Bxisting models were modified to incorporate the various inlet and
exit configurations, and in each case a base-reference run was made
prior to the modification. Model 5 (Reference 2) was tested with
various combinations of inlet and exit skirts and trunks as shown in
Figures 46 through 50. It was also tested in a reverse flow direction
with and without extensions as shown in Figure 46, The base-reference
run was substandard in performance, but with trunks located at the
exit (adjacent to base) the base pressure was increased in direct pro-
portion to the length of trunk. However, the best performance with
this configuration (Configuration 15) was not equal to the conven-
tional Model 5 configuration (Configuration 11).

The improvement in performance for all skirted Model 5 configurations
(12 through 17) was relatively low, and with some configurations the
addition of skirts was detrimental to performance.

Figures 51 through 54 show various configurations of Model 1 which were
tested. Exit skirts or trunks are ineffective and at low heights are
detrimental. Conversely, inlet skirts and trunks are generally bene-
ficial. In particular, the inner-inlet skirt, Configuration 24, pro-
vided a significant improvement in base pressure at the higher heights.
Figure 55 shows the effect of an inlet flap on base pressure over a
height range. The basic ejector curve was verified with a check run;
however, evidently the exit flap positions were not adjusted properly
for maximum performance over this height range. For this reason, it

is probably more representative to compare the plot of P_-vs-h for the
inlet flap (Configuration 24) with the exit flap as shown in Figure

55. Figure 56 shows the result of a similar test to that shown in
Figure 55, but the basic ejector data were obtained from the new modi-
fied Model 1. Again, the effect of an inner inlet extension is shown
to be effective at the higher heights. It is estimated that there is
an optimum angular setting of both the exit flaps and inner inlet

skirt which would provide improved performance over the entire height
range.

The basic data for the skirts and trunks tests is presented in Table IV,
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SURFACE ROUGHNESS

Previous tests indicate that surface roughness can influence perform-
ance. Figure 57 shows three combinations of surface irregularities
which were tested in the two-dimensional tunnel with Model 1. Figure
58 is a comparison of base pressure for the three surface roughness
models and the basic ejector over a smooth surface, It is difficult
to comprehend that the irregular surfaces could actually improve the
base pressure at the higher heights, as shown, More probably, at the
higher heights, the relative height of the irregularity is small and
therefore has little effect on the base pressure, At the lower
heights the condition causes a reduction in base pressure.

These data are difficult to interpret because of the two-dimensional
nature of the test device. It is apparent that the flow under a
vehicle will not be the same, under these conditions, as the flow
which is confined by side walls in the test device. For this reason,
the results are considered to provide trends only and it is recom-
mended that future testing of this type should provide for the
three-dimensional effects.
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EVALUATION

As a result of this investigation the following conclusions, recommen-
dations and anticipated performance estimates of the modified (proposed)
MCTV are presented.

PERFORMANCE

The new modified Model 1 ejector configuration provides superior lifting
capability over any previous configuration. To obtain the maximum per-
formance over a height range of 6 to 24 inches, it is necessary to ad-
just the exit flap angle as height is varied.

STABILITY

Model 1, as tested in the stability and control tunnel, was not stable.
Previous investigations have shown that a relatively high degree of
inherent static stability can be obtained with the ejectijet concept.
Further, results of the performance testing of this investigation show
that the cavity pressure (the dominating factor in determining stability
characteristics) can be directly controlled through the use of exit
flaps., It is therefore concluded that adequate static stability can
be provided either by (1) a detail change in the ejector configuration
which results in inherent static stability over the entire height
range, or by (2) remote control of the exit flaps with height, to pro-
vide artificial stability.

CONTROL

Adequate moments in the pitch and roll planes can be obtained by either
a differential throttling of the primary pressure or differential con-
trol of the exit flaps, or both, Moment in the yaw plane (directional
control) can best be obtained by a thrust vector control. The pro-
posed engine for the MCTV has approximately 150 pounds of residual
thrust which must be compensated for in a hovering attitude. This mag-
nitude of thrust reacting at a proper lever arm will produce a suffi-
cient amount of yaw control.

MANEUVER

Maneuver forces are low and expensive in power to provide, as in any
GEM vehicle., Careful attention should be given to this parameter in
the proposed modification. It appears that a propulsive system,
separate from the 1lift system, will be the only satisfactory solution.

SKIRTS AND TRUNKS

The addition of an extension to the inner-inlet of the ejector improves
the performance at higher heights for low area ratio (low mass

12




augmentation) recirculation ejectors. For the best configuration
tested, a significant improvement in base pressure was obtained at
heights above 18 inches., At 12 inches or lower the performance was
the same or less than without the skirt. Other combinations of inlet
and exit skirts and trunks were tested, but do not appear to be
feasible.

SURFACE ROUGHNESS

It is difficult to conclude what effect surface roughness will have on
a full size vehicle. The data obtained to date are from two-
dimensional tests, small-scale models, and the low efficiency ejectors
on the original MCTV. At low heights, where the relative height of
the surface irregularity is large, a degradation in performance is
anticipated. At higher heights the effect on base pressure appears to
be negligible.

OVERLOAD CAPABILITY

The 1ifting capability of the ejectijet concept is reduced appreciably
at very low heights. It would seem desirable to be able to travel at
minimum height (minimum power) when the ground surface is smooth
enough to permit. Preliminary discussions with General Motors person-
nel indicate that there is a mutual compatibility between their Hovair
concept and the Martin ejectijet principle. Incorporation of these
Hovair pads in the modified MCTV would permit an extremely high over-
load capability (limited by vehicle structural considerations), faci-
litate the ground handling problem, and provide retractable-self
adjusting landing gear for any terrain,

PRELIMINARY PERFORMANCE ESTIMATES

Figure 59 indicates the proposed change in the plan form of the MCTV,.

To minimize sharp corners in the ejectors and compound curvatures, the
modification shown is a compromise between the vehicle performance and
manufacturing costs. It is necessary to have a continuous curtain
around the perimeter of the vehicle with a minimum of inactive sections.
With the proposed modification six identical ejectors would be fabri-
cated, three for the front and three for the rear., In this way, an
approximate elliptical planform is obtained with a minimum of modifica-
tion. Figure 60 is a sketch of the proposed rework, showing the
ejectors fixed in place (no variable B ), a very low vehicle silhouette,
large contiguous area for payload and retractable Hovair pads. Figure
61 shows the two-dimensional performance obtainable from the modifi-
cation. The curves plotted are from actual experimental data but have
not been corrected for any three-dimensional or surface roughness
effects which may be detrimental. It is obvious then, from the
difference between the 1lift curve and empty weight of the vehicle, that
an appropriate margin of performance is provided. The following

13




is a tabulation of the anticipated two-dimensional performance of the
modified MCTV.

Weight, empty = 2,500 1b
Lift at 18 inches = 5,300 1b
Lift at 12 inches = 7,200 1b
Maximum overload

capability = 20,000 1b (Hovair pads)
Base pressure at

18 inches = 22.5 psig
Base pressure at

12 inches = 30.0 psfg
Primary mass flow = 28 1b/sec
Primary pressure = 7 psig
Horsepower = 560
Maximum forward

speed = 25 mph
Maximum grade = 10%

14
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Configuration

1

O o© o Ul LN n

]
(@]

l,_l
]

12
13
14
15
16
17
18
19

20

21

Run Numbers

101 - 108
201 - 207
301 - 307
Lol - 4O7
501 - 703
801 - 805
901 - 920
1001 - 1036
1101 - 1123
1201 - 1202
1319 - 1327
1401 - 1406
1501 - 1506
1601 - 1606
1701 - 1703
1801 - 1802
1803 - 1804
1901 - 1909
2052, 2053,
2010 - 2015

TABLE I

205k,

2116 - 2121, 2155,
2156, 2157

2222 - 2224, 2249,

2251

16

Description

Original Model 1, Original Header,
vary center body location

Original Model 1, flush centerbody
Original Model 1, undercut centerbody
New Model 1, Airfoil Header, AR = 46

New Model 1, Airfoil Header,AK

23

New Model 1, Finger Header, AR = L6

Original Model 1, Multi-Nozzle Header
Model 5, Base Run

Model 5, Exit Trunks

Model 5, Mod,., Centerbody and Exit Flaps
Model 5, Exit Trunks

Model 5, Reverse Flow Base Run

Model 5, Reverse Flow, Exit Trunk, Small
Model 5, Reverse Flow, Exit Trunk, Large
Original Model 1, Base Run

Original Model 1, 12" Inner Exit Skirts,
S = 30°

Original Model 1, 12" Inner Exit Skirts,
5'. = Lo°

Original Model 1, 12" Inner Exit Skirts,
Sc= 20°




Configuration

22
23
2k
25

9
26

18
18

18

2525
2431
2537
2643
2701

2801

2901

3010
3019

3113
3125

Run Numbers

- 2530
- 2436
- 2542
- 2648
- 2708
- 2806

- 2909

- 3012,
- 3024

- 3118
- 3127

TABLE I (cont'd)

17

Description
Original Model 1, Inlet Trunk, Large

Original Model 1, Inlet Trunk, Small
Original Model 1, Inner Inlet Skirt
Original Model 1, Outer Inlet Skirt
New Model 1, Base Run

New Model 1, Inner Inlet Skirt
(check of Configuration 24)

Original Model 1, Ground Beocard - Grating

Original Model 1, Ground Board -
Simulated Grass

Original Model 1, Ground Board -
Random Blocks
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Figure 6. Typical Test Installation.
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Figure 14, Finger Header, Installed.
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Figure 17. Typical Testing Velocity and Total Head Profiles,




Figure 18,

Station

Typical Testing Velocity Cubed Profiles
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Fignre 19. Mass Flow -vs- Primary Pressure

Configurations 7, 8, 9,
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Figure 20, Primary Horscpower -vs—- Mass Flow,
Configuration 7, 8, 9.
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Figure 21, Primary Horsepower -vs- Mass Flow,
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Figure 23, Base Pressure - vs. - Height for Configuration 7.
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Figure 29, Cavity Pressure -vs- Height,
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Figure 32, Efficiency -vs- Primary Pressure,
Configuration 8,
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Figure 34, Base Pressure -vs- Primary Pressure
Configuration 7
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Figure 46,

Model 5, Reverse Flow.
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