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NOMENCLATURE 

Symbols 

. m. 
1 . m. 
J 

p 

ex: 

ex: 
s 

cross sectional injection slot area (measured at slot exit) 

contraction ratio 

diameter 

highlight diameter 

maximum diameter 

throat diameter 

total length of inlet 

diffuser 1 ength 

mass flow rate of the induced flow 

mass flow rate of the injected flow 

static pressure 

injection pressure 

stagnation pressure 

boundary layer rake stagnation pressure 

injector control system variable resistor controls 

injector control system monitoring outputs 

model 12M Scanivalve system's miniature pneumatically operated 
pressure switch's input/output tubes 

stagnation temperature 

voltage 

inlet model incidence angle 

inlet model incidence angle corresponding to internal flow 
separation 
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tiP dynamic pressure 

u freest ream velocity 
00 

Subscripts 

D diffuser 

F fan 

h highlight 

i induced 

j injected 

0 stagnation 

R boundary layer rake 

s separation 

T throat 

x integer 

00 freestream 
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I. INTRODUCTION 

Recently there has been a growing interest in engine inlet design 

for high angle of attack flow configuration. This interest is espe-

cially prevalent in the field of the V/STOL aircraft where the angle of 

attack of the engine(s) may approach 120°. On commercial aircraft the 

high angle of attack configuration may occur during take-off and landing 

when the stagnation streamline can be at an angle of up to 60° with re-

spect to the engine center line 1. This effect is particularly impor-

tant for aircraft with engines mounted beneath the wings (Fig. 1). 

Depending primarily upon the geometry of the inlet, the angle of 

attack approaches a limit where internal flow separation occurs (~s). 

When separation does occur, large nonuniformities and distortion of 

the flow at the compressor inlet develop causing decreased performance 

of the engine, severe mechanical fatigue of the compressor blades, high 

noise levels, and possible stalling of the engine. 

During the past several years NASA Lewis Research Center has been 

studying the problem of inlet flow separation at high incidence angles. 

They tested axi-syrrmetric inlet models which were connected to a small 

gas turbine engine to produce the flow through the inlet 2,3. These 

tests were primarily concerned with the flow field at the compressor 

face and only limited data was obtained concerning flow separation 

development. As part of an effort directed at improved understanding 

of the flow separation mechanisms under various operating conditions, 

an experimental program has been undertaken at VPI & SU. The program 

includes wind-tunnel testing of two-dimensional inlet models operated 

1 



2 

at various freestream velocities, angles of attack, and inlet mass 

flow rates. Selection of a 2-D configuration has been motivated mainly 

by a desire to facilitate application of optical methods for detailed 

flow observations and photographic recording (Fig. 2)*. 

To produce the flow through the inlet a high-pressure injector 

system had to be designed and built to produce any desired mass flow 

rate up to the choked flow limit {Fig. 3). Mounting the inlet in 

the VPI & SU six-foot subsonic stability tunnel allows the simulation 

of forward speed. The inlet model is mounted to a diffuser and pipe 

system in such a way that it can be easily inclined at various angles 

of incidence with respect to the wind-tunnel flow. To test at very 

high incidence angles, a short section of piping is removed {Fig. 3), 

the inlet model and adjoining piping is raised, and the inlet model is 

inclined to a maximum angle of about 60°. 

The scope of the work reported in this thesis includes (a) testing, 

calibration, and selection of the optimal operating parameters of the 

injector system which serves to drive the air through the inlet models 

and {b) presentation and discussion of the preliminary results of the 

inlet models' investigation. 

*This report deals primarily with the investigation of the flow by means 
of pressure data. A full report of the investigation of the flow by 
means of optical methods will be presented in a thesis authored by Mr. 
Carl Weiss. 



II. INLET TESTING FACILITY 

Injector 

An injector can be used as an efficient means of inducing fluid 

flow. The principle of inducing fluid flow is a relatively simple one. 

A high velocity fluid {injected flow; in this case air) is introduced 

into a flow field (induced flow). Due to the difference in velocity 

between the injected and induced flow, the latter is rapidly 11 ener-

gized11 and pulled in the direction of the high velocity injected air 

stream. 

Injector design plays an important role in the efficiency of the 

injector and particularly in the mass-flow efficiency, which can be 

expressed as the ratio of the mass flow rate of induced air to the mass 

flow rate of the injected air (mi/mj). Two basic injector designs have 

been known. One utilizes a pipe which extends into the middle of the 

flow field. High pressure fluid is injected from the pipe into the flow 

field which induces flow of the surrounding fluid (Fig. 4). The second 

type utilizes a square duct to contain the flow field. At one station 

along the duct high pressure fluid is injected into the duct through 

adjustable slot doors. Thus, there is injected fluid about the peri-

meter of the duct with variable injection slot area (Fig. 5). This de-

sign has one major drawback in that corner flow effects may cause a loss 

of injector efficiency. The injector design for this study is circular 

in cross section with high pressure fluid injection about the circumfer-

ence. Variable injection slot area is achieved through a screw type 

3 
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mechanism which serves to vary the axial positicn of an internal 11 noz-

zle 11 section. Turning the screw clockwise closes the injection slot area 

and turning the screw counterclockwise has the opposite effect (Fig. 6). 

High pressure injection air is supplied by a Bury 650 psig com-

pressor and stored in two storage tanks with a total volume of 700 ft 3. 

An 8 inch butterfly valve with accompanying electro-pneumatic control 

system regulates the flow of injection air from the storage tanks to 

the injector (Fig. 7). 

Injector Control System 

The mass flow rate of induced air is regulated by either changing 

the pressure of the injected air or changing the injection slot area. 

These two controlling features are directly related to the injector ef-

ficiency which will be discussed in detail in a later section. 

Changing the injection slot area is accomplished with two drive 

motors which can turn the injector screw in either direction. A 40 

turn potentiometer is mounted to one of the motor drive shafts to in-

dicate screw position. By applying a voltage across the potentiometer, 

the variable output can be directly calibrated in tenns of the position 

of the screw and the corresponding injection slot area (Fig. 8). Fig-

ure 9 shows the control panel layout for adjusting the injection slot 

area. 

Regulating the injection pressure was accomplished by means of an 

electro-pneumatic regulator designed and built for this application. 

The regulator opens the control valve to any desired initial position 

and then adjusts with time to maintain constant injection pressure 
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throughout a test run. 

The first approach used in designing the electronic control system 

was to employ a first order feedback loop circuit (Fig. 10)*. Basically 

the circuit takes an input signal from a pressure transducer on the in-

jector supply line (injected air) and compares it with a signal corres-

ponding to a desired injection pressure. The resulting error signal is 

inverted and added to the regulating system to correct for any deviation 

from the input. In principle, this type of feedback loop represents a 

very effective way for maintaining constant injection pressure. This 

approach was abandoned because the electronics were faster than the 

pneumatic response, and control valve oscillations occured which could 

not be damped out electronically. 

The second approach for the electronic control circuit utilizes a 

pressure transducer generated ramp function signal of the falling stor-

age tank pressure*. This signal is inverted by the control circuit and 

summed with a set positive (initial valve opening) voltage. Thus, at 

the start of a test run, the su11111ed value of voltage causes the control 

valve to open to a desired initial opening position. As the run contin-

ues, the dropping storage tank pressure causes the value of summed vol-

tage to increase thereby further opening the control valve to maintain 

constant injection pressure during a test run (Fig. 11). This type of 

system requires some initial runs to be made in order to calibrate the 

control settings (variable resistors R1 thru R4) for a desired constant 

injection pressure and corresponding constant mass flow rate of induced 

*Credit for the design of the electronic circuitry for both electronic 
control systems goes to Mr. Roy C. Allen of Sounds Fine Inc., Blacks-
burg, VA. 
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air. Once a constant injection pressure run has been established, re-

cording of the variable resistor values R1 thru R4 will enable the same 

injection pressure run to be repeated at a later date. Only minor ad-

justments are required at test time in the variable resistors R1 thru 

R4 to correct for changes in temperature and atmospheric pressure which 

the control system is referenced to. 

Figure 12 shows the control panel layout for the electronic control 

circuit. R1 is a gain control for the signal coming from the high pres-

sure storage tank. Changing the setting of R1 changes the slope and 

magnitude of the ramp function generated by the falling pressure in the 

storage tank. R2 is a variable voltage control which is used to zero the 

value of the voltage at the summing junction. This should be done with 

the stop-run switch in the stop position and the storage tank pressure 

at its initial starting pressure. Summing junction voltage is monitored 

at the s2 output. The s1 output is for monitoring injection pressure. 

R3 is a gain control for the signal coming from the summing junction. 

R4 is the initial opening variable voltage control and is switched to 

ground in the stop configuration. When switched to run, the initial 

opening voltage is added in at the summing junction. 

Figure 13 shows a typical injection pressure plot for a low or medi-

um mass flow rate through the inlet model. For such conditions, the in-

jection pressure can be kept constant within 3% over a run duration of 

20 to 40 seconds. At high mass flow rates, the performance of the pres-

sure regulation system is less adequate and either the useful run is much 

shorter or some manual adjustments during the run are necessary. 
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Wind Tunnel 

The inlet model tests were conducted in the VPI. & SU 6 x 6 foot 

low speed wind tunnel which is an atmospheric pressure closed-circuit 

facility with a freestream velocity range of up to 240 ft/sec. Figure 

3 shows the inlet model installed in the test section. To vary the 

angle of attack, the inlet model is rotated in the vertical plane. 

Small portions of the wind tunnel vertical walls were removed to allow 

the light beam of the Schlieren Shadowgraph system to pass through the 

wind tunnel test section. 



III. INLET MODELS 

Geometry 

The inlet models are of modular design which allows for relatively 

easy change of the lip and diffuser profile geometry (Fig. 2). Two 

different inlet geometries, designated as Models GE-1 and GE-2, are 

tested within the framework of this investigation. Figure 14 presents 

the profiles of the Models GE-1 and GE-2. In general, inlet profiles 

can be broken down into three separate geometrical shapes: the external 

forebody, the internal lip and the diffuser. 

The external forebody for both inlet models tested is a DAC-1 

(Douglas Aircraft Company) series contour (Fig. 15). The internal lip 

for both inlet models is a 2-to-l ellipse with contraction ratios of 

1.37 and 1.46 for inlet models GE-1 and GE-2, respectively. An identi-

cal diffuser was used on both inlet models (Fig. 16). 

Instrumentation 

The inlet models are instrumented to measure both steady state and 

fluctuating pressures (Fig. 17). Steady state pressure measurements in-

clude static pressures measured along the surface of the windward* pro-

file from the external forebody to the diffuser exit, stagnation pres-

sures obtained from three boundary layer rakes on the windward profile, 

and a diffuser rake across the diffuser exit. Fluctuating pressure 

measurements consist of five points along the windward profile surface 

*See Figure 2 for a definition of the windward profile. 

8 
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from the 11 highlight 11* region to the diffuser. 

Since detailed information about the separation process in the lip 

region is desired, it is necessary to place the static pressure ports 

very close to one another. Small diameter tubing runs underneath the 

profile surface allowing for the small spacing of the static pressure 

ports {Fig. 18). 

The steady-state pressures are measured by means of four Model 12M 

Scanivalves having twelve pressure ports each and one Model J Scanivalve 

with 48 pressure ports. The miniature size of the Model 12M Scanivalves 

allows mounting them immediately behind the diffuser exit of the inlet 

model with very short pressure lines between the measuring points and 

the transducers; thus minimizing response time. The 12M Scanivalves are 

driven simultaneously by a single miniature D.C. drive motor. The sys-

tem came equipped with a D.C. gear reduction motor drive assembly which 

had a constant scanning speed of twelve pressures on each transducer per 

second. This scanning speed is ideal for use with an electronic data 

acquisition system where the pressure data can by very quickly stored or 

recorded. Since it was desired to reproduce the pressure data from the 

12M Scanivalve system on strip chart recorders, the scanning speed had 

to be reduced by a factor of at least four to ensure enough time for the 

strip chart pens to mechanically respond to each pressure. Reducing the 

supply voltage to this motor in order to reduce the scanning speed was 

unsuccessful. For this reason another D.C. gear reduction motor with 

somewhat slower scanning speed was installed. By varying the supply vol-

tage to this drive motor from zero to a maximum of twenty four volts, the 

*See Figure 15 for a definition of the highlight. 
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scanning speed could be varied from zero to six pressures per second. 

Setting the supply voltage at approximately eight volts provides a scan-

ning speed of about two pressures per second (for each transducer), and 

reasonable strip chart response. An additional feature of the 12M Scan-

ivalve system is an encoder assembly which is also driven by the drive 

motor. The encoder is a rotary switch which is set up to switch on 

(trigger) when each scanner is in position to connect another pressure 

port to its transducer. The encoder is designed to be used with a data 

acquisition system as a triggering device for the taking of pressure 

data points. 

Another important feature of the 12M Scanivalve system is the ZOC 

(zero-operate-calibrate) feature. The ZOC feature allows for on-line 

zeroing and calibration of the transducers during actual pressure mea-

surements. The use of miniature pneumatically operated pressure switch-

es allows each transducer to be switched off-line from the model and 

either some known calibration pressure or a reference pressure to be 

applied to one of each scanners twelve ports (Fig. 19). To calibrate 

the transducers, the "calibrate-zero" switch should be in the calibrate 

position and the "on-off" switch should be in the on position. This 

allows high pressure air to operate four of the pressure switches; 

switching from the model to scanner tubes (T1 to T2) to the calibration 

to scanner tubes (T3 to T2). Switching the "calibrate-zero" switch to 

the zero position (with the "on-off" switch in the on position) operates 

the fifth pressure switch; switching from the calibration to manifold 

tube (T1 to T2) to the zero (reference pressure) to manifold tube (T3 to 

T2). Reference pressure is routed into the other four pressure switch's 



l , 
'I 

T3 tubes where it then continues through the open r3 to T2 passageways 

and on out to the four scanners. The ZOC feature is also easily pro-

grammed into a-data acquisition system for on-line zeroing and calibra-

tion during actual testing. Together with the 12M Scanivalves, the ZOC 

feature permits gathering of more accurate pressure data than existing 

pressure scanning systems. 

The fluctuating pressures are measured by five miniature Kulite 

Model XCQL-093 pressure transducers. The pressure sensing diaphragms 

are mounted flush with the inlet surface. An Ectron Model P516-5SG 

Strain Gage Power Supply is used to provide excitation voltage to the 

Kulite transducers. The signals from the Kulite transducers are ampli-

fied by D.C. Ectron Model 562 FJ Amplifiers and recorded on a Bell & 
Howell Model CPR-4010 Tape Recorder. Figure 20 presents a schematic of 

the fluctuating pressure measuring system. The fluctuating pressure 

measurement will help to identify the character of the boundary layer 

and location of separation regions. 



IV. RESULTS AND DISCUSSION 

Injector Calibration 

Before installing the inlet model, the injector was tested for effi-

ciency, maximum mass flow rate, and maximum period of constant induced 

mass flow rate. The piping which connects to the injector and through 

which the induced air travels was left open to the wind tunnel room at 

the flange closest to the ceiling (Fig. 3). The mass efficiency of the 

injector is the most important parameter in our application and it is 

defined as the ratio of the induced mass flow rate to the injected mass 

flow rate. Since the mass efficiency depends mainly on the injection 

pressure and injection slot area, these two parameters were treated as 

the independent variables. Injected mass flow rate was determined from 

the measured injected flow parameters and the slot area by using the 

assumption of choked flow in the slot. The induced mass flow rate was 

estimated on the basis of measurements made with a pitot-static tube 

installed in the injector inlet pipe. Details of mass flow rate cal-

culations are presented in the Appendix. Values of the induced velocity 

were measured at different injection pressures for the range of injection 

slot area and are plotted in Figure 21. It can be seen that smaller in-

jection slot areas require higher injection pressure to obtain the same 

induced velocity. The induced velocity reaches a maximum (corresponding 

to a dynamic pressure of about 84 inches of water) when the induced flow 

in the injector itself is choked. Increasing the injector pressure be-

yond the choked f1ow limit causes a drop in induced velocity which is be-

lieved to be caused by the increased supersonic expansion of the injected 

12 
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air which effectively reduces the cross sectional area available for 

the induced air in the injector. 

Injector mass efficiency (mi/mj) versus regulated injection pres-

sure for the range of injection slot area is plotted in Figure 22 (units 

of mare in lbm/sec). From this graph it can be seen that injector ef-

ficiency increases for decreasing injection slot area with maximum effi-

ciency at the minimum injection slot area. Also, the injector efficiency 

is a function of regulated injection pressure. On the basis of these 

results it was decided to use the minimum injector slot area for testing 

inlet models. With such an arrangement, availabie run times were maxi-

mized. 

During calibration testing of the injector it was observed that con-

stant induced mass flow rate could easily be obtained for run times up 

to two minutes for the low induced mass flow rates. As the induced mass 

flow rate increased, the run time decreased. 

Mass flow rates of the induced air were established on an assump-

tion of a constant velocity profile at the measuring station of the pipe. 

Consequently the values of mass flow rates and injector efficiency may 

be in error by a few percent. It was not desired to accurately determine 

the injector efficiency, rather it was desired to perform comparative 

tests and determine which area would provide the maximum injector effi-

ciency. 
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Preliminary Investigation of Inlet Models 

Presented in this section are the results of six different test 

runs for the two inlet models. Surface static pressure distributions 

are used primarily to indicate separation and its location. Boundary 

layer rake data is used to back up several cases where there is strong 

evidence of separation as given by the surface static pressure distri-

butions. Boundary layer rakes measure only the "outer most" part of the 

boundary layer. If the total pressures measured by a boundary layer 

rake do not recover in this "outer most" layer and above, and if these 

pressures are close to the value of the local surface static pressure, 

then there is a good indication that the flow has separated. Several 

Shadowgraph pictures are presented as further back up evidence for 

clearly separated cases only. As already indicated, the two investigated 

inlet models have essentially the same profile shape but they differ in 

the contraction ratio. The thicker lip inlet, designated as GE-2, has 

the contraction ratio of 1 .46 and the thin lip inlet, GE-1, has the con-

traction ratio of 1.37. Figure 23 presents the windward surface static 

pressure distributions for the two inlets at zero incidence angle, a 

freestream velocity, U , of 150 ft/sec, and a low mass flow rate corres-oo 

ponding to a throat Mach number, MT' of 0.38. Both inlets display char-

acteristic pressure drop in the highlight region and a subsequent pres-

sure increase along the lip and the diffuser sections. Both inlets ex-

hibit a small adverse pressure gradient and the flow remains well at-

tached along the entire surface. Figure 24 shows surface static pressure 

distributions for the same throat Mach number but at an incidence angle, 
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~.of 15°. The increase in~ has res~lted in an increased expansion 

around the highlight which, in turn, has increased the adverse pressure 

gradient along the downstream portion of the inlet surface. The flow in 

the GE-2 inlet remains essentially attached except for a small separation 

bubble which possibly exists near the location of S/L=O.l*. The pres-

sure distribution for the GE-1 inlet provides an indication of the boun-

dary layer separation somewhere upstream of S/L=0.2. This is evidenced 

by a sharp change in slope of the rising static pressure ratio near the 

location of S/L=0.2. Further increase of the incidence angle to 30° 

(Fig. 25) has caused the flow in the GE-2 inlet to separate near a loca-

tion S/L=0.15. For the GE-1 inlet, the boundary layer separation which 

was already present at 15° has somewhat intensified, however the initial 

separation point has not moved upstream as it might be expected. The . 
pressure distribution for configuration GE-1, ~=30°, exhibits a flat 

pressure plateau followed by an abrupt pressure increase. So far, we 

do not have any explanation for this type of pressure variation. 

Figures 26, 27 and 30 show the pressure distributions at 0°, 15° 

and 30° for the case of relatively high mass flow rate corresponding to 

MT=0.73. At ~=0°, the flow in the GE-2 inlet expands to supersonic 

speeds around the entry lip and then recompresses through a shock system 

near S/L=0.2. There is no clear evidence of flow separation due to the 

shock/boundary layer interaction. The flow around the highlight of the 

GE-1 inlet expands to higher supersonic velocities than in the GE-2 

inlet; despite this face, the subsequent recompression appears to be 

*The ratio S/L is the dimensionless surface distance from the highlight. 
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relatively smooth and free of separation. When the angle of incidence 

is increased to 15°, the initial supersonic expansion in both inlets 

intensifies, but particularly in the GE-1 inlet, and the resulting ad-

verse pressure gradient is evidently large enough to cause flow separa-

tion. The separation is particularly evident for the GE-1 inlet. Back-

up evidence is provided by pressure data from boundary layer rake #2 

(S/L=0.65). Figure 28 is a plot of this data which compares the two in-

let models. The GE-1 inlet has a constant PR/P
0 

value of about 0.7 

which agrees with P/P
0 

from the surface static pressure distribution at 

S/L=0.65 (Fig. 27). Since the total pressure does not recover as the 

distance from the surface increases vertically, separation is strongly 

indicated. The GE-2 inlet may not be as strongly separated as the GE-1 

inlet. Figure 29 is a Shadowgraph picture of inlet model GE-1, and is 

presented as back-up evidence of flow separation for the conditions of 

Figure 27. Further increase in the incidence angle to 30° moves the 

separation point upstream toward the highlight. While this upstream 

motion is only· slight for the GE-2 inlet, it is very pronounced for the 

GE-1 inlet, where the flow separates very near the highlight exhibiting 

the case of the so called lip separation. This type of flow separation 

is known to have a very detrimental effect on the fan and engine opera-

tion. Figure 31 is a plot of boundary layer rake #1 (S/L=0.27) for this 

case. Notice that the GE-1 inlet is separated at this point as seen by 

the constant PR/P
0 

value of about 0.6. This value of PR/P
0 

agrees with 

the value of P/P
0 

at S/L=0.27 in Figure 30. Inlet GE-2 may not be sep-

arated as strongly. Figure 32 is a plot of boundary layer rake #2 

(S/L=0.65) for this same case. Both inlets are exibiting roughly the 
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same.constant PR/P value which agrees with the VJ1ue of P/P from 
0 0 

Figure 30 at S/L=0.65. This data tends to back up the results from 

the surface static pressure distribution, i.e., the GE-1 inlet 

separates closer to the highlight than the GE-2 inlet. Figure 33 

presents a Shadowgraph picture of inlet model GE-2 for the conditions 

of Figure 30. Unfortunately, a photograph of inlet model GE-1, for 

this case, is not available for comparison of the location of separa-

tion. 

Preliminary examination of the data obtained from the Kulite 

pressure transducers indicated that the boundary layer was turbulent 

for most of the test runs from the first Kulite transducer on. 

Boundary layer trips were installed close to the highlight in an 

attempt to trip the boundary layer from laminar to turbulent flow. 

Comparison of this data would then allow a determination of laminar or 

turbulent flow separation. This attempt was unsuccessfull and caused 

the boundary layer to separate instead of transition. From the pre-

1 iminary testing, it was concluded that in most of the tests the 

boundary layer in the region of the separation was turbulent. 

Examination of the preliminary results obtained with the two 

inlets indicates that, in general, an increase in the contraction ~atio 

results in a delayed boundary layer separation. The low contraction 

ratio inlet (GE-1) was subject to lip separation at an incidence 

angle of 30° for the throat Mach number of 0.73. For the conditions 

of these experiments, an increase in the throat Mach number (and, thus, 

in the mass flow rate through the inlet) ~rom 0.38 to 0.73 has caused 



18 

a reduction of the separation angle, i.e., the angle corresponding to 

an onset of flow separation. 



V. CONCLUSiONS 

From the results presented, several conclusions about injector per-

formance as well as inlet flow separation at high incidence angles can 

be asserted. 

First, the injector was found to have performance suitable for driv-

ing the air through the inlet models for incidence angles up to 60° and 

throat Mach mumbers up to the choked flow limit. Maximum injector mass 

efficiency (mi/mj) was established to be at the minimum injection slot 

area. The injection pressure control system was capable of inducing con-

stant (within 3%) mass flow rate through the inlet model and long_run 

times (20 to 40 seconds) for low to moderate inlet model throut Mach num-

bers. High inlet model throat Mach number runs were shorter, sometimes 

requiring manual adjustments of the injector control system during the 

run to maintain constant mass flow rate. 

Second, inlet flow separation, in general, is delayed(~ is in-s 
creased) by an increase in the contraction ratio (thicker lip). For the 

conditions of these experiments, increasing the inlet model throat Mach 

number Trom 0.38 to 0.73 reduces the angle corresnonding to an onset of 

flow separation (~s). 

19 
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Fig. 33 SHADOWGRAPH PICTURE, INLET MODEL GE-2, RUN NUMBER DEC 89: 
U

00
=150 ft/sec, MT=0.73, cr=30° 
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APPENDIX 

1. Induced mass flow rate, mi 

I 

I 
CD 

[J 
® 

Governing equations are: 

Continuity 

State 

Energy 

m = plulAl = p2u2A2 
P = pRT 

.. 
TO INJECTOR 

Combining (1), (2) and (3) and assuming u1 to be very small: 

m = p1u1A1 = (P1/RT1)u1A1 = (P1/RT1)(u2A2p2/p1) 

= (P1/RT1 )A2'12gccp(Tl - T2) (p2/pl) 

= (Pl/RTl )Az.J2gc°p·~rl (1 - ~~) '( :;}P1/P/ ~ 
1 

54 

( 1 ) 

(2) 

(3) 
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(P1/RT1 )A2..j2gc°p FiJ -(:~)7 p c r-i . 2 l -m = - - y 
pl P2 

'(:~)+ (P,JR.J1i' )A2..j2gccrJ -(:~) 
y - l 

= y 

= (Pl/R.JT; )A2 ~2gc°p J[l - (:~) y ~ 1J (:~) ~ 

Now since 

· Then 

l y - l 
R = c - c = c (1 - c /c ) = c (1 - -) = c ~ p v p v p p y p y 

f;=~~-1-
R "N {R 

Substituting this into the mass flow rate equation: 

Where: 

A2 = cross sectional area of the pipe 

P1 = atmospheric pressure 

P2 = static pressure inside pipe 

T1 = atmospheric temperature 
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gc = acceleration due to gravity 

y = specific heat ratio (cp/cv) 



. 
2. Injected mass flow rate, m. 

J 

Governing equations are: 

Continuity . * * * m = p u A 

State P = pRT 

Combining (1) and (2): 

• * * * p* - ' * I * m = p u A = -- p -VYRT A Po o 

57 

p ~.---T *___,, * 
= • 6339 _Q_ YR - T 0 A = 

RT
0 

T 0 

Finally: 
. 
m = ( . 01653 )( 32. 17) 

p 
0 

f: 
* A 

(Sonic Throat) 

( 1 ) 

(2) 
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INLET MODEL TESTING FACILITY PREPARATION, INJECTOR CALIBRATION AND 

PRELIMINARY TESTING OF TWO TWO-DIMENSIONAL INLET MODELS AT HIGH 

INCIDENCE ANGLES TO STUDY INTERNAL FLOW SEPARATION 

by 

Daniel Robert Hatfield 

ABSTRACT 

An experimental study of internal flow separation at high incidence 

angles for two two-dimensional inlet models is presented. A description 

of the inlet testing facility includes the injector (which serves to 

drive the air through the inlet model), its control system, and the 

Virginia Tech 6-foot subsonic wind tunnel. The geometry of the two inlet 

models is discussed and the inlet model instrumentation is described. 

The injector is calibrated in preparation for the inlet model tests and 

found to exhibit satisfactory performance. Inlet models GE-1 and GE-2 

are tested at incidence angles of 0°, 15°, and 30°, and at throat Mach 

numbers of 0.38, and 0.73. Preliminary data is presented and comparisons 

show a favorable trend toward delaying internal flow separation for the 

inlet model which has a thicker lip (higher contraction ratio). 
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