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ABSTRACT 

Inlet-air temperature rise data obtained from previous tests on two small- 
scale configurations of a jet VTOL fighter-type model over a range of exhaust pressure 
ratios, exhaust gas temperatures and surface wind velocities, is analyzed for correla- 
tion with several correlating parameters. The correlating parameters are used to 
predict the large-scale model inlet temperature rise and the large and small-scale 
results are compared. 
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AN ANALYSIS OF CORRELATING PARAMETERS 

RELATING TO HOT-GAS INGESTION CHARACTERISTICS O F  

JET VTOL AIRCRAFT 

By V. Krishnamoorthy 
Bell Aerospace Company 

SUMMARY 

Small-scale inlet temperature rise (ITR) data obtained previously at the Bell 
Aerospace Company's Jet Impingement Test Facility is analyzed for correlation with 
several correlating parameters. These ITR data were obtained for two 0.24 scale con- 
figurations of a generalized jet VTOL fighter-type model for a range of exhaust total 
temperatures (900'F to 1400'F) and exhaust total pressure ratios (1.1 to 2.0) at various 
wind velocities (0 to 55 ft/sec). 

The ITR data of the side inlets configuration correlated well with the jet 
Reynolds number at low wind speeds. At high wind speeds the jet exit dynamic pres- 
sure, momentum and kinetic energy gave good correlation. For the top inlets config- 
uration, a buoyancy parameter is used for correlation of ITR at all wind speeds. 

The small-scale data were compared with data measured by NASA, Langley 
using a larger geometrically similar model, at equal values of these correlating para- 
meters. For the side inlets configuration, good agreement between the small and 
large-scale ITR data was found at low speeds only when comparison was made at equal 
Reynolds number. 

Comparison of small and large-scale ITR of the top inlets configuration, based 
on equal buoyancy conditions o r  equal exhaust velocity and temperature conditions was 
found to be poor 



INTR ODUC TPON 

Hot-gas ingestion represents a serious problem in the design of jet VTOL air- 
craft. Inlet-air temperature rise (ITR) of more than 200'F has been observed for 
typical jet lift configurations operating near the ground and with surface winds. The 
severity of the problem becomes clear when the level of ITR is converted into engine 
thrust loss, which is three to four percent per 10°F inlet temperature rise. Besides 
mean ITR levels wide and rapid temperature fluctuations and temperature distribution 
distortions at the inlet face can cause engine compressor stall. Both large and small- 
scale model tests have been conducted by various investigators (refs. 1 to 7) to deter- 
mine ingestion characteristics s These tests have shown that ingestion is highly dependent 
on configuration such as the inlet and exhaust location, engine arrangement, exhaust 
incidence, wing size and location, etc. The geometry effects are particularly significant 
near the ground (h/De < 5) where h is the vehicle height above ground, and De is the 
equivalent engine nozzle diameter. The exhaust jet conditions and the magnitude and 
direction of surface winds also have strong influence on the ingestion characteristics. 

The effect of model scale on ingestion characteristics has so far been assessed 
by two different simulation techniques. In the first, referred to as thrust simulation, it 
is assumed that the flow field near the model and full-scale vehicle are  dynamically 
similar when the jet exit velocity, temperature, inlet velocity, vehicle velocity and wind 
velocity on the model and full-scale vehicle are identical. The other approach to model 
testing is buoyancy simulation. This requires that the ratio of inertia to buoyant forces 
in the hot gas flow between the model and full-scale craft be equal, Further the ratio of 
inlet to exit dynamic pressure should be the same for model and full-scale craft. The 
jet exhaust temperature rise above the ambient level for the model should be propor- 
tional to the full-scale value. When relative wind is presentp the ratio of free stream to 
jet exit dynamic pressure should be the same for the model and full-scale vehicle. It 
is assumed that, when these conditions are met, the flow fields are dynamically similar. 

The scale effect has been evaluated from model tests incorporating these two 
approaches. Abbott (ref. 8) using a l/lOth scale moving model of H.S. 1127 aircraft, 
conducted tests to determine intake temperature rise using buoyancy simulation. The 
model ITR when compared with the full-scale results showed fair agreement. Tests 
using thrust simulation conditions (refs a 6 and 7) have led to contrary conclusions. 
Based on the test results of a full-scale lift engine pod with two engines and the corre- 
sponding scale model, it was concluded in reference 6 that the overall flow field and 
hot-gas ingestion are  scalable. However, ingestion data (ref. 7) of two configurations 
of a fighter-type jet VTOL model featuring four lift jets in the fuselage when compared 
with the results (ref, 3) of a four times larger model showed poor agreement. These 
results indicate that the correct procedure for small-scale tests is not well established. 

The object of this investigation is to determine empirically the scaling para- 
meters which must be maintained when conducting small-scale tests. For the purpose 
of analysis, available data from references 7 and 9 are  used. These ITR data were 
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obtained for two 0.24 scale configurations of a NASA jet VTOL fighter-type model for a 
range of exhaust total tempefatures (900'F to 1400'F) and exhaust total pressure ratios 
(1.1 to 2 .O) at various wind velocities (0 to 55 %/see) e For the zero wind (Vco = 0) case, 
the far  field contribution to inlet temperature rise is assumed to be small and the corre- 
lating parameters pertaining to the near field are found for both the side and top inlet 
configurations. The correlating parameters at finite wind velocities and over the range 
of tested exhaust conditions a re  then determined for both model configurations. 

These correlating parameters are then used to predict the large scale ITR at 
zero and finite wind speeds for both model configurations and the large and small scale 
results a re  compared and discussed. 

t. 
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SYMBOLS 

specific heat at constant pressure of the exhaust gas, ft-lb/lb mass ( O F )  

equivalent nozzle diameter (diameter 
the sum of the areas of the individual 

nozzle exit diameter, f t  

2 gravitational acceleration, ft/sec 

nozzle exit height above ground plane, 11. 

of a circle whose area is equal to 
nozzles), f t  

inlet-air temperature rise (final inlet-air temperature minus initial 
ambient temperature) F 

total mass flow at the nozzle exit, lb-sec/ft 

2 ambient static pressure, lb/ft 

2 nozzle exit total pressure, lb/ft 

2 free stream dynamic pressure, lb/ft 

2 jet exit dynamic pressure, lb/ft 

effective velocity ratio 

radius of ground jet separation point, f t  

2 total jet nozzle area, f t  

4 



W 
S 

Ti 

T 
j 

cn V 

V 
j 

2 wing area, f t  

ambient temperature, OF 

inlet-air temperature, O F  

nozzle exit total temperature, O F  

free stream velocity, ft/sec 

nozzle jet exit velocity, ft/sec 

2 4  ambient air density, Ib sec /ft 

2 4  nozzle exit gas density, lb sec /ft 

dynamic viscosity of gas at nozzle exit, lb sec/ft 2 

coefficient of thermal expansion of gas (reciprocal of ambient 
temperature) o ~ - 1  

wind heading (azimuth) angle, degrees 
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TEST FACILITY MODEL, AND INSTRUMENTATION 

Test Facility 

The data used in the present analysis were obtained at the Bell Aerospace 
Company9s Jet Impingement Test Facility. The facility is of the outdoor type and it 
provides variable hot gas exhaust flows with exit total pressure ratios from 1.1 to 2 .O 
and exhaust total temperatures from 500'F to 17.00'F with a maximum exhaust flow 
rate of 2.8 lb/sec. 

The main ground plane of the facility is rectangular, smooth and level to a 
radial distance of 13 ft (approximately 49 equivalent diameters). An auxiliary ground 
plane (10 ft by 8 ft) scaled to the dimensions of the test section platform of the NASA 
Langley Research Center full-scale wind tunnel was placed about 12 inches above the 
main ground plane. The model and flow system components were supported by a single 
hydraulic cylinder mounted on the super structure. This allowed the model height to 
be varied up to 4 f t  and provided unobstructed space for overall flow field development. 

A wind machine with 6 x 10 ft  exit section was used to produce relative wind 
speeds up to 55 ft/sec at various directions ( @ ) to the model. 

Detailed description of the test facility is given in reference 7. 

Model 

Two 0.24 scale model configurations (side inlets and top inlets) of the NASA 
model described in reference 3 were used. Both configurations had four exhausts 
located in the fuselage in a rectangular arrangement, and a high delta wing with a wing 
area to jet nozzle area ratio, S, /Sj , of 43. The exhaust jet arrangement had four 
1.49 inch diameter convergent nozzles, or an equivalent jet diameter, De 
The top inlet arrangement consisted of four 1.92 inch diameter inlets The two side 
inlets were approximately rectangular in cross section, the area of each being 5.88 sq. 
in. The schematic arrangement of the two model configurations is given in reference 7 .  

of 0.248 ft. 

Tests were conducted with the model at constant height above ground of h/De = 
1.2 and 3.0 for the side and top inlet configurations, respectively. 

Instrumentation 

et-air temperature ata and the wind conditions were recorded in the 
tories by using osc lograph recorders (. The jet exhaust conditions 

were measured by total temperature and pressure probes e Detailed description of the 
instruments, their locations with respect to the model and their accuracies are found 
in reference 7, 
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RESULTS AND DISCUSSION 

Basic inlet temperature rise data of the small-scale side and top inlet con- 
figurations a re  presented first. Results of the correlation of ITR with several candidate 
correlating parameters are  then discussed. Finally, the inlet temperature rise of the 
small scale is compared with the ITR of the large scale based on these correlating para- 
meters. 

Basic Small-Scale Data 

Side Inlets. - The variation of ITR above ambient (Ti - T,) with jet exit total 
pressure ratio (Pj 
(v,) is shown in figure 1. The overall flow field is assumed to be symmetrical with 
respect to the inlets and the ITR at inlets 1 and 2 is averaged. The inlet temperature 
rise generally increases with increase in pressure ratio and temperature for all V, . 
For a fixed pressure ratio and temperature, the effect of increasing wind speed is to 
increase the ITR level to a maximum value and then to lower it at higher speeds. This 
maximum value and the V, corresponding to it increase with increasing pressure ratio. 

exit total temperature (Tj), and with surface head wind velocity 

These results can be interpreted in the light of the general discussions of the 
mechanism of hot-gas ingestion presented in (refs. 1 to 7, and 1 0  to 15). The schematic 
representation of the recirculating flow field with head wind is reproduced here from 
reference 7, in figure 2. In still-air (V, = 0), the jet efflux from the present multi-jet 
exhaust arrangement, after striking the ground, forms an upwash o r  fountain of exhaust 
gas flowing upward between the main jet streams. This upwash spreads outward along 
the bottom of the craft, flows upward around the fuselage and is sucked into the inlets 
with very little time to cool by mixing with the ambient air. Increase in exit pressure 
ratio and temperature causes increase in the momentum and heat content of the upwash 
flow9 resulting in increased ITR levels. It appears that when V, is zero the dominant 
contribution to ITR arises from the near field upwash flow and the contribution from the 
recirculation of the far field flow is quite small. 

For finite wind speeds, ITR is governed both by the near and far  field flows. 
With surface winds the fa r  field hot gases are blown back toward the model. For a 
fixed inlet and nozzle location, the ground jet separation and recirculation of the far  
field flow depend primarily on the free stream to jet dynamic pressure ratio (ref. 14). 
For a fixed exhaust pressure ratio and at low wind speedss separation occurs farther 
from the jet centerline and the far  field gases are blown back over the top of the 
model. W e n  the wind speed is increased, the separation line moves closer to the 

resulting in direct ingestion by the inlets. At high wind speeds the recirculat- 
ing flow is blown under the inlets causing reduced ingestion. In the near field, the on- 
coming wind also alters the upwash flow characteristics (ref. 12) and depending on the 
wind velocity changes the ingestion levels 
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Top Inlets. - The variation of ITR with exhaust pressure ratio and temper- 
ature at various head wind velocities is shown in figure 3. Again assuming flow sym- 
metry, the averages of ITR at inlets 1 and 2 and at inlets 3 and 4 are  shown. At low 
wind speeds (V 
pressure ratio followed by an increase in ITR with increasing Pj /pa at higher speeds. 
It is seen that the inlets 1 and 2 are  more prone to high ingestion levels than inlets 3 
and 4. Unlike the side inlets, the general levels of ITR are  markedly low for the top 
inlets for all wind speeds. The reason Is that the inlets lie on top of the wing and the 
upwash generated by the exhaust jets is largely blocked by the wing, thereby greatly 
suppressing the near field ingestion into the inlets. The inlet temperature rise there- 
fore appears to arise mainly from the far field recirculating hot-gas flow resulting in 
reduced ingestion levels compared to the side inlets. 

2 20 fps), the inlet temperature rise decreases with increasing 

Correlation of ITR With Selected Correlating Parameters 

Significance of Selected Correlating Parameters.- The scaling parameters 
applicable to the flow fields generated by the present model configuration may be ob- 
tained from dimensional analysis and from balancing of momentum and heat transport 
in the overall flow fieldd. Of the many correlating parameters that are possible with the 
chosen flow variabless the following which a re  deemed to be significant were examined 
in the analysis: Reynolds number, Eckert number, jet exit dynamic pressure, exit 
momentum, kinetic energy and effective velocity ratio (square root of the ratio of free 
stream dynamic pressure to jet dynamic pressure) 

The buoyancy parameter represents the ratio of inertia forces to buoyant 
forces in the flow. In the free jet region of the exhaust flow and near the origin of the 
ground jet, buoyancy forces are  secondary to jet momentum forces. Howevero farther 
from the jet center (far field) the buoyancy forces may become important depending on 
the external winds. In the no-wind condition, the radial ground jet dynamic pressure 
decays more rapidly than the corresponding differential temperature and at some point 
along the ground the buoyancy forces counteract the radial momentum and shear forces 
at the ground, thereby causing flow separation. The separation of the ground jet and 
the ensuing recirculation by free convection of the far field gases depend on the buoy- 
ancy parameter as shown by Cox in reference 13.  At low wind speeds the buoyancy 
forces in the far field may still be comparable to the momentum and shear forces in 
the ground jet, and the opposing free stream dynamic pressure forces. With increasing 
wind speed it would appear that the buoyancy forces become less effective and the 
ground jet separation and recirculation are  governed primarily by dynamic pressure 
forces. 

The jet Reynolds number represents the ratio of inertia to viscous forces in 
the exhaust flow. In flow phenomena involving forced convection, the heat transfer de- 
pends on Reynolds number and Prandtl number (ref. 16) - Prandtl number depends on the 
physical properties of the exhaust gases and is nearly unity for the present tests e In 
the near field of the jets, the upwash develops into a three-dimensional, turbulent free- 
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shear flow. Limited quantitative results are available (refs. 12, 17, and 18) regarding 
upwash characteristics and from these it is inferred that for the present configuration 
and tests, the upwash has appreciable velocity and temperature. Therefore, heat 
transfer to the inlets from the near field is expected to occur by forced convection as 
opposed to natural convection. 

The Eckert number (ref, 16) denotes the ratio of kinetic energy of the issuing 
jet to the heat lost by exhaust gases. This parameter is examined for correlation of 
ITR, where the ingestion is dominated by the near field. 

The jet exit momentum, dynamic pressure and kinetic energy in turn affect the 
momentum flux and the energy transport in the upwashl radial ground jet and in the re- 
circulating flow. Correlation of ITR with these parameters is investigated. 

The effective velocity ratio is found by Abbott (refs 14) to be an important para- 
meter in correlating the upstream separation criterion for a radial ground jet in across  
wind. Abbott9s results pertain to single and twin nozzles operating at low exhaust pres- 
sure ratios and temperatures. It is found that the separation point from the jet center- 
line is fixed uniquely for a fixed velocity ratio and at the point of separation the free 
stream velocity is about half the local maximum velocity of the ground jet. The same 
conclusion is reached in reference 7, where the measurements were made with four jets 
operating at high P-  /p,and Tja Abbott also found (ref. 14) that the separation point 
could be correlate d with the height of the recirculating flow. Since the separation cri- 
teria and the height of the recirculating flow correlate well with the effective velocity 
ratio, this parameter was investigated for ITR correlation. 

ITR Correlation 

Side Inlets. - The inlet temperature rise above ambient, Ti - T,, is normalized 
with respect to the jet excess temperature, Tj - T, . Correlation of normalized ITR 
with jet Reynolds number is shown in figure 4. The test values correspond to a wide 
range of jet exhaust conditions at two wind speeds. The accuracy of data plotted along 
the ordinate is from &0.003 to *0.006, the lowest variance being associated with Tj = 
1400'F data and the highest with Tj  = 900'F data. It appears that good correlation 
exists for V, = 0 and 19.6 ft/sec, since the majority of the data lie within the accuracy 
bands. It is seen that the temperature ratio increases with increasing Reynolds number 
and wind speed. The data for wind velocities greater than about 20 ft/sec are not shown 
in the figure since the exhaust temperature showed as  an independent parameter indi- 
cating that correlation was not achieved, 

2 The correlation of (Ti - TJTj - T,) with modified Eckert number, CVj /g 

iplying the Eckert number and temperature ratio (T, /Tj ). Correlation again 
(Tj - T, ) ]  (T,/Tj ) is presented in figure 5,  This parameter is obtained by 

exists only for V, = 0 and 19.6 ft/sec and the ITR variation is similar to that of 
Reynolds number. 
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The correlations of normalized ITR with jet exit dynamic pressure, momentum 
and kinetic energy were achieved only at higher wind velocities (V, 2 30 ft/sec) and 
these a m  shown in figures 6 ,  7, and 8 respectively. The variation of (Ti - T, /Tj - T, ) 
with each of these parameters appears to be similar and this may be expected since 
the kinetic forces in the flow are common to each. It is seen that the temperature ratio 
increases when the wind speed is reduced or when the value of the parameter is 
increased. 

2 

2 

The correlation of (Ti - T, /Tj - T, ) with modified Cox number, [Vj /g De 
(Tj - T, /T, ) ]  (Tj /T, ), is presented in figure 9. Cox (ref. 13) has shown that a 
suitable parameter for correlating experimental data on a single jet case is[Vj /g De B 
(Tj - T, ) ]  (T,/Tj ) 'I2 where f3 , the coefficient of thermal expansion of the exhaust 
gas is assumed to be 1/T, . For the present multi-jet case,it was found that inclusion 
of temperature ratio (Tj /T,) instead of (T, /T. ) 

shown in figures 6 to 8. This suggests that the buoyancy forces in the flow are secon- 
dary in importance to the kinetic forces for wind velocities exceeding 30 ft/sec. 

improved the correlation of 
data. It is noted that the ITR variation with m od ified Cox number is similar to those 

The variation of (Ti - T, /Tj - T, ) with effective velocity ratio, (q,/qj) 1/2 
is shown in figure 10. It is seen that correlation is poor since V, appears as a.n inde- 
pendent parameter. It is interesting to note that the curves shift systematically to the 
right with increasing wind speed. For a specified velocity ratio, the ground jet separa- 
tion point and the height of the recirculating flow are fixed (ref. 14) and yet the temper- 
ature ratio appears to increase with increasing wind speed. The reason for this may be 
that as V, is increased, the hot gases will arrive at the inlets sooner for a fixed recir- 
culating flow path length. The mixing time, therefore, will be reduced and consequently 
(Ti - T,) will be raised. Further tests are needed to confirm whether the recirculating 
flow envelope is uniquely determined for a specified (9, /qj ) 112 

Top Inlets. - The correlating parameters used for the side inlets were applied to 
the top inlet ITR data for correlation and none of them appeared to be satisfactory. The 
modified Cox number was finally selected since it gave minimum data scatter compared 
to the other parameters. Correlation curves of normalized ITR with modified Cox num- 
ber are shown in figures 11 and 12 corresponding to ITR average of inlets 1, 2 and 
inlets 3, 4 respectively. 

Comparison of Small and Large-Scale ITR 

In order to compare correctly the small and large-scale ITR data at equal 
values of the selected correlating parameter, it is necessary to know the true exhaust 
conditions of the small and large-scale models. The exhaust conditions of the small- 
scale model were controlled and accurately measured. The large-scale model was 
powered by a turbojet engine and all the tests were conducted at a nominal exhaust 
pressure ratio of 1.8 and temperature of 1200°F. The actual pressure ratio varied with 
the inlet temperature rise in a manner characteristic of jet engines. The variation of 
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corrected exhaust pressure ratio with ITR for the side and top inlets of the large-scale 
model is found in reference 7. 

Side Inlets. - Comparison of small and large scale (Ti - T, /Tj - T, ) at equal 
Reynolds number is presented in figure 13 for the side inlets. Comparison is made only 
for V, = 0 and 20 ft/sec, since data correlation was achieved for these wind speeds 
only. (See fig. 4.) The small-scale data in figure 1 3  correspond to the median curves 
shown in figure4 e The maximum value of the Reynolds number of small-scale tests is 
only 5 x l o 5  and the large-scale temperature ratio at V, = 0 and 20 ft/sec is therefore 
predicted by extrapolation. The predicted temperature ratios agree closely with the 
large-scale test values. 

Comparison of small and large scale ITR based on equal modified Eckert 
number (not shown) was found to be inferior to equal Reynolds number condition. 

Small to large-scale comparison at equal jet exit dynamic pressures, is shown 
in figure 14. Comparison is made at V, = 30 ft/sec and beyond since small-scale data 
correlation was achieved only at those speeds. It is seen that considerable variation in 
ITR levels exists between the model and the large scale. 

Jet exit momentum and kinetic energy comparisons are shown in figures 15 
and 16, respectively. The small-scale normalized ITR increases with increasing 
momentum and kinetic energy values. The maximum value of the momentum or kinetic 
energy of the small-scale model differs approximately by a factor of 1/16 (correspond- 
ing to small scale to large scale jet area ratio) from the large-scale test values.. Be- 
cause of this large difference, prediction of large-scale (Ti - Tw/Tj - T,) by extra- 
polation of small-scale data is made difficult. It is noted that the large-scale model 
has significantly lower ingestion levels than the small-scale, especially at V, = 40 
and 50 ft/sec. 

It would be of interest to know how the small-scale (Ti - T,/Tj - T, ) would 
vary with further increase in momentum or kinetic energy from the present maximum 
test values. For a given Tj , the jet exit velocity, Vj , increases when Pj /p,is in- 
creased up to the critical value. Beyond the critical pressure ratio, increase in V. is J 
possible only by raising Tj and Vj varies in proportion to the square root of the jet 
total temperature. It can be shown that the jet mass flow is proportional to Pj /(Tj)l/'. 
Hence for a given nozzle area the jet momentum can be further increased by increasing 
the Pj and is independent of Tj . Similarly the jet kinetic energy increases when Pj 
and Tj are raised. For a fixed V,, increase in momentum flux or kinetic energy of 
the jet moves the separation point of the ground jet farther from the jet center line 
resulting in a dimunition of hot-gas ingestion due to the far field. However, the inges- 
tion due to the near field flow may increase when the jet momentum flux or kinetic 
energy is increased. It is difficult to determine from the present data whether the 
near or far field ingestion is dominant and further tests are necessary to measure 
separately the ITR due to fountain and far field at various exhaust conditions and wind 
speeds e 
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Finally, the large and small-scale data are compared at equal Vj Tj condi- 
tions in figure 17. It is seen that the comparison is poor. 

Top Inlets. - The modified Cox number is selected as the correlating para- 
meter for the top inlets. The model and large-scale data are compared in figure 18 at 
equal values of this parameter. Since Cox number values of the large-scale tests were 
smaller than the model, the model data shown in figures 11 and 1 2  were extrapolated. 
The small-scale model wind speeds were scaled to equal the effective velocity ratio, 
(q,/qj )1/2 of the large-scale. This means that'for the present tests the model wind 
speed should be approximately half the large-scale wind speed when inlet temperature 
rise comparison is made. 

The ingestion levels of the model differ significantly from those of large-scale. 
At low wind speeds, ingestion is low at inlets 1 and 2 of the small-scale model since the 
upwash is presumably blocked by the wing. However, ingestion is quite high for the 
large-scale model and the reason for this is not clear. As for inlets 3 and 4, the large- 
scale ITR is again appreciably higher than that of the model. 

Model and large-scale ITR data based on equal Vj  Tj conditions also show 
poor agreement as illustrated in figure 19. 
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CONCLUDING REMARKS 

Small-scale inlet temperature rise data obtained from previous tests at the 
Bell Aerospace Company's Jet Impingement Test Facility were analyzed for correlation 
with several correlating parameters. It was found that at low head wind velocities 
(V, < 20 ft/sec) the jet Reynolds number correlated the test data well for the side in- 
lets. At high wind speeds (V, > 30 ft/sec), good correlation was obtained using jet exit 
dynamic pressure, momentum and kinetic energy as correlating parameters. Corre- 

(Tj - T,) ] 
configuration e 

lation was generally poor for the top inlets, and the buoyancy number, [ Vj 2 /g 6 De 

(Tj /T, ) $  was used for correlation of ITR at all wind speeds for this 

These correlating parameters were used to compare the small-scale ITR data 
with the data collected by NASA, Langley using a four times larger geometrically simi- 
lar  model. Comparison of these data at equal Reynolds number was obtained for the 
side inlets by extrapolation of small-scale data. Close agreement was found between 
the predicted inlet temperature rise and the large-scale test values. However, the 
validity of extrapolating the small-scale data needs verification. 

Small and large-scale ITR comparisons for the side inlets configuration based 
on equal dynamic pressure or equal Vj , Tj condition was found to be poor. 

Neither equal buoyancy parameter nor the equal Vj 
correlation of large and small-scale ITR for the top inlets. 

Tj condition resulted in 
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