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FOREWORD 

The work contained 1A this report was performed for Sverdrup & Paroel, 

X»o. under C,A»Lo Serrioe Contract SCD-10, as part of Air Foroe Contract 

AF 35(038)-9928. The work constituted researoh directed toward the design of 

the Propulsion Wind Tunnel of the A.R.D.C. 
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3UM».1RY 

Experiments hare been oarried out on a small-scale perforated-wall transonlo 

wind tunnel over a range of Mach numbers from .8 to 1.2 to determine flow uniformity 

length of tunnel required to attain uniform flow, shook oanoellation oharaoteriatios 

and suotion power requirements« The results show that satisfactory flow uniformity 

is attainable in tunnel lengths oomparable to the tunnel depths. In particular» 

it is observed that the disorete disturbances arising from individual holes in the 

wall do not produoe marked effeots on the flow exoept in the immediate vioinity 

of the wall. Qualitative analysis of sohlieren photographs disoloses powerful 

shook oanoellation capabilities of a perforated wall for a wide range of shook 

strengths. Suotion power required to ohange tunnel Maoh number in the supersonio 

range it in fair agreement with theory, but suotion power required to bring the 

tunnel to sonio speed oannot be predioted by any presently available theory» and 

is considerable. Scale effeots may be important in this phenomenon»and larger 

soale experiments would be desirable. 

o - 
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MTRODUCTIOH 
i1 i1 

It has bean recognized for tome time that the conventional solid wall wind 

tunnel is inadequate in the high subsonic and transonic speed range. This in- 

adequacy is primarily due to the ohoking phenomenon whioh ooours when the area 

increase in the test section, oaused by the presenoe of the model, is great 

enough to oauae an acceleration of the mean tunnel flow to a Mach number of one, 

whioh limits the equivalent free-stream velooity to a lower value. This limit 

on test seotion Mach number prohibits tests in the transonic region and makes the 

1,2 
problem of correcting tunnol data to free flight conditions a very difficult one . 

Work on the alleviation of the ohoking phenomenon by the HACA led to the 

3 4L 
development of the slotted transonio tunnel f . The fundamental idea behind the 

slotted test section is the alleviation of the ohoking condition by allowing some 

of the tunnel stream to flow out of the test seotion at or near the model through 

longitudinal slots. This is roughly analogous to increasing the test seotion sise 

in relation to the model sise, and thereby extending the usable llaoh number range 

of the tunnel. In faot it was found that operation through the transonic into 

the supersonio range was possible. Continued work on the slotted test seotion 

over the past several years has resulted in attainment of very satisfactory 

tunnel flows and in reduotion of initially high power requirements. One further 

major problem whioh must be considered is the reflection of model-lnduoed dis- 

turbances from the wall in supersonio operation. A consideration of this problem 

leads to the oonolusion that longitudinal slots of large width and spacing com- 

pared to the tunnel lateral dimension cannot lead to satisfactory alleviation of 

such disturbances, since the disorete reflooted shook and expansion waves from 

suroessive open and olosed seotions of the tunnel wall cannot oombine in such a 

way as to oanoel before striking the model. At low supersonic Mach numbers 

the refleoted waves from the model nose will strike even models of extremely short 

- 1 - 
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lengths. 

A logioal extension of the slotted-wall tunnel is the ideal porous-trail 

tunnel. In suoh a tunnel„ the passage of mass flow out of the working seotion 

oould still be accomplished, but the uniform properties of the wall would theo- 

retically permit selection of a porosity value such that shooki and expansions 

striking the wall oould be completely cancelled to the first order* For wares 

of finite strength, oomplete cancellation is theoretically possible only for wares 

of one particular strength, but substantial reduction of the strength of the 
7,10 

refleoted wares is possible orer a considerable range of incident-ware strengths 

Tests of tunnel-wall materials closely approximating ideal homogeneous 

porosity, such as sintered metals and fine mesh screens are reported herein and 

hare also been conducted by the RACA6'6»7. In general, the results show that the 

theoretical advantages of sueh materials as regards ware oanoellation are aotually 

realized, at least qualitatively. There are, however, considerable structural 

difficulties involved in the utilization of suoh materials in large tunnel con- 

struction and, in addition, they are highly susoeptible to dogging with grease 

and dirt« 

Studies at C.A.L. led to the conclusion that ideal porosity might not be 

neoessary, in the sense that the porous wall might have a finite-size-grain 

% structure, provided the size of such struoture were small oompared to the tunnel 

* dimensions. In partioular, perforated metal sheet was deemed to be suitable 

because of its eminent practicability for large tunnel construction« 
x • 

The nature of the losses through a perforated wall is sueh that use of main 

stream power to foroe the flow through the wall and then baok into the tunnel 

*' with resultant low total head at the entry to the tunnel diffuser, appeared to 

*. be inefficient. It was, therefore, proposed to induoe the flow through the porous 

wall by the use of suotion power at the working section rather than by means of 

i ' 2 " 
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matin stream drive power,  as had bv»en done in all the previous transonio tunnelsc 

The air removed oould then be reinjected into the diffuser at high total head in 

the oase of a closed-return tunnel.    The tunnel used in the present experiments 

was not a return type so that reinjection problems were not investigated. 

Since some of the virtues of the slotted-wall tunnel first besame apparent 

from the fact that it appeared theoretically oapable of giving zero blookage 

interference oorreotions on the tunrsl axis in subsonic flow,  it was deemed 

worthwhile to investigate this problem for the perforated-wall tunnel.    This 

was done first in Ref.  11 for a two-dimensional body in a two-dimensional tunnel, 

and it was found that a oondition for zero-interference  also existed for a tunnel 

with perforated walls. 

On the basis of preliminary analytical studies of length of tunnel required 

to reaoh a given Mach number, power requirements,  shook oaneellation, and subsonio 

Interference oharaoteristios,  it was oonoluded that the perforated-wall tunnel 

offered considerable promise as a transonio research tool,  and should be investi- 

gated experimentally«    A oontraot was then undertaken for Srerdrup and Faroe1 under 

their Air Force prime oontraot AP 53(038)-9928 to conduot small-soale experiments 

on a perforated-wall tunnel.    This report presents the results of the first phase 

of this work« whioh was concerned with tunnel length required to produoe a given 

supersonio Mach number, transonio blookage oharaoteristios,  and suotion power 

requirements, as affooted by various wall materials and configurations„ 

- 3 - 
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DESCRIPTION OF MODEL AMD TEST APPARATUS 

The nodal tunnel constructed for this investigation was a suotion type non- 

return tunnel with a test section 2 1/4 x 4 x 12 inches (Pig« 1)» The rertioal 

walls were made of glass to permit senileren observations while the horisontal 

walls were made of rarious porous materials mounted on removable specimen holders 

to facilitate change» Static pressure taps were located in the porous walls and 

provision was made for surveys laterally through a metal rertioal wall which 

replaced one of the glass walls for this purpose« The primary tunnel stream 

exited through a diffuser« whioh was adapted from a previous supersonlo wind- 

tunnel model to the suction pumps. The air that was removed through the porous 

walls passed through relatively large plenums looated above and below the test 

speoimens and finally through a gate valve (used for oontrol of the plenum 

pressure) to a vaouum pump. The mean velooity in these plenums was always 

essentially sero. Pressure taps were looated in each plenum. Air was fed 

to the tunnel from the air dryer through a large plenum ohamber built onto 

the tunnel intake to reoeive the air from the air dryer. Airfoil models were 

supported by Luoite disos whioh fitted into metal rings mounted in the rertioal 

glass walls of the tunnel. 

The main tunnel drive oonsisted of eleotrio motors totaling 600 horsepower 

while the suotion plenum pump was driven by a 40 horsepower eleotrio motor. 

These powers are mentioned as a matter of reoord and have no bearing on the 

ideal power required to operate the test section tested, sinoe the adapted 

tunnel diffuser was known to be very inefficient (this was unimportant for this 

application« sinoe exoess power was available) and sinoe a long'run of piping 

between the suotion plenums and the vaouum pump plus losses through manifolding 

and the oontrol valve produoed an appreciable total head IOPI. 

Instrumentation oonsisted of the statio pressure taps located on the porous 
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walls and pressure taps located in the suction plenums mentioned above as wall as 

a pitot-statio probe used for surreys within the stream. The pitot-statio probe 

was mounted on a double wedge airfoil of a small enough inoluded angle to giro an 

attaohed shook at a liaoh number in exoess of 1.20. Mass flows suoked through the 

porous wall were measured by means of oalibrated venturi meters» Meroury and 

water manometers were used to measure all pressures. 

o 
The porous walls were adjustable from 0 to about a0' dirergenoe from the 

tunnel oenter line. However, when the walls were diverged a bump at the test 

seotion exit (due to the fixed diffuser intake) formed a aeoond throat. This was 

not an ideal arrangement but was aooepted for expedienoy as an adjustable diffuser 

would have neoe-ssltated the design and construction of- a oomplete new diffuser 

instead of the adaptation of an existing one. The second throat in itself •erred 

the desirable purpose of stabilising the tunnel flow in the transonie range. 

Photographs of the tunnel test seotion» suotion plenums and piping arrangement, 

dry air plenum* tunnel diffuser and vacuum pump are presented in Pigs. 2 through 5. 

Pertinent physioal and air flow oharaoterietios of the wall speoimens tested are 

described in Ref. 9. 

DISCÜ88I0H OP R18TTLT8 

Longitudinal Mach lumber Distribution 

Wall pressure taps provided a very rapid indioation of Maoh number distri- 

bution but the readings were not very satisfactory from the standpoint of aoouraoy. 

It will be noted in any of Pigs. 6 to 13 that for a given wall configuration» the 

peaks »M valleys of the wall pressures remained at the same geometrioal looation 

for all supersonio Mach murbers tested. This would seem to indioate the presenoe 

of looal disturbances in the wall at the pressure tap rather than a general non- 

uniformity of the flow. The method of soldering the pressure tap to the thin-sheet 

fc 
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walls was such as might be expected to produce local irregularities in the wall. 

The Tory uniform Maoh number distributions found laterally and Tertioally by 

means of probe surrey«over most of the tunnel (see Pigs. 19 and 21) proride 

further evidence that tunnel flow is considerably better than indioated by «all 

pressure taps. 

The first wall specimen tested was made up of two IT Srdle sheet« with holes 

aligned, on eaoh wall. The perforated walls were set up parallel and runs were 

made for various plenum pressures resulting in a range of terminal Maoh numbers 

from about 0.8 to 1.5. The results are presented as Maoh number variation with 

tunnel length in Pig. 6. it may be seen from an examination of this figure, the 

Maoh number distribution for the lower terminal Maoh numbers is within tolerable 

limits but deteriorates rapidly as the terminal Maoh number approaohes 1.9. 

In an attempt to improve the flow the perforated walls were diverged to an 

inoluded angle of one degree and the above outlined procedure was repeated. The 

results of this series of tests are presented in Pig. 7. It is apparent that the 

longitudinal Maoh number distribution was improved. Time did not permit the 

determination of the optimum value of inoluded angle for Maoh number distribution. 

It would be of questionable value to spend much time in determining this anyway, 

in the exploratory phase, as it probably would be different for every wall material, 

f 
I an'» very muoh a function of tunnel scale. Experimental evidenoe of this will be 

£ disoussed below. *." 

The number 00 Srdle sheet wall specimen gave a better longitudinal Maoh 
I 
|. number distribution then did the two IT sheets for sero degrees inoluded angle, 

i as may be seen from Pig. 8  With this wall speoimon, diverging the walls to a 

I £ one degree inoluded angle actually resulted in a poorer longitudinal Maoh number 
I 

distribution than with parallel walls although the terminal Maoh number for the 

same tunnel power was inoreased slightly (Pig. 9). This would indioate that the 

£ most desire' le divergence angle is probably a funotion of the wall porosity, 

- 6 - 
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V 

-- 

a. 

length of test aeotion* tunnel Reynolds numbar,, etc. 

To oompare a truly porous wall (one approaching Ideal porosity) with the 

perforated sheet walls (whioh are only an approximation to a porous «all as they 

contain discrete holes) sintered bronze sheet was used for one «cries of tests. 

The longitudinal Maoh number distributions obtained with the sintered brcasa walls 

are presented in rig. 10« is may be seen from this figure the distributions are 

quite as good as those obtained with the perforated sheot for comparable terminal 

Maoh numbers. However, it is plain from a oomparison of the above mentioned 

figures that the terminal Maoh number is aohiered in a muoh shorter length with 

the perforated sheet walls. As a matter of faot, for the higher terminal Maoh 

numbers, the maximum Maoh number is not achieved in twelve inches (or three 

tunnel depths) with the sintered bronse, as may be deduced from the oontinually 

increasing Mach number with the tunnel length. More porous sintered bronse, 

which would hare reduoed the length required to produce a giren Maoh number was 

not found to be ooameroially available. Diverging the sintered bronse walls one 

degree appeared to shorten slightly the length necessary for achieving a giren 

Maoh number (Pig» 11)« but did net improve the longitudinal Mach number distri- 

bution. 

To further extend the comparison of the perforated wall with walls approaching 

ideal porosity» tests were run using fine mesh screen or woran wire cloth as walls. 

The walls were made up of six layers of 200 mesh wire cloth per wall« Static 

pressure tsps were installed along the soreen wall as in the other walls tested. 

This resulted in a comparatively "sloppy* joint around the pressure taps as it 

was found quite difficult to solder tubing to six layers of very flexible wire 

oloth. The wire cloth wall itself was quite flexible and waves were noted in 

the walls during experimentation. In view of this inherent quality, the Maoh 

number distributions presented in Pig. 12 are surprisingly good. The screen 

walls allowed the attainment of terminal Maoh number in about the same length 

- 7 .. 
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as the perforated sheet walls (approximately one tunnel depth). As with the 

sintered bronze sheet, diverging the soreen walls increased the terminal Mach 

number slightly, but did not improve the longitudinal Maoh number distribution 

(Fig. 13). 

Schlieren photographs of the flow in the test seotion with the four wall 

materials disoussed abore are presented in Figs. 14 through 17. All photographs 

were made with walls diverged and for the maximum terminal Maoh numbers attainable 

and so represent the poorest flows for all materials «xoept the IT walls ( in 

whioh oase the flow was improved by the diverging walls over the parallel wall 

case, as disoussed above). The sohlierens are signifioant inasmuoh as they 

indioate a rapid deoay of the disorete disoontinuities generated by the holes in 

the perforated walls as these dipoontinuities propagate into the stream (Figs. 14 

and 15). The flow in the test section, discounting the flow in olose proximity 

to the walls, for the perforated sheets appears to be as free from disoontinuities 

as that for sintered bronte walls (Fig. 16) and superior to that for soreen walls 

(Fig. 17). A more positive oheok on this was the vertioal total head survey 

disoussed below. 

In all the photographs disoussed above the flow is from right to left and 

the normal shook whioh appears is due to the physical seoond throat formed by 

the divergent walls aa desorlbed in the section Description of Model and Test 

Apparatus. 

Lateral and Vertioal Maoh lumber and Stagnation Pressure Distribution 

Lateral surveys of total and statio pressures were made at two stations, 

6 3/8* inohes and 10 7/8-inohee downstream of the beginning of the porous wall. 

From these measurements Maoh number« were eomputed and plots of lateral Maoh 

number and total pressure distributions for the 6 3/8-lnoh station are presented 

In Figs. 18 and 19. The peouliar •valley* on one side of the plots is believed 

due to a probt» interference effect aa shown in Fig. 20 where wall pressures were 

- 6 - 
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used to compute Maoh number» near the wall for three probe position», apparently 

the probe spanning the tunnel has an appreciable effeot on Maoh number distri- 

bution and so would lead to erroneous values of static pressure in the stream. 

In Tiew of this, it is suggested that the lateral surreys be oonsidered only to 

the center line of the tunnel; in other words, as half surreys. These ralues 

should be essentially correct* 

A orocs plot of the lateral surrey on the tunnel center line results in the 

graph presented in Pig. 21. It is obrious from this figure that discontinuities 

from the discrete holes in the perforated sheet are cancelled rapidly a« they 

propagate into the stream and hare a negligible effeot on total pressure beyond 

about one-quarter of an inch from the «alls. 

Considering the faot that a minimum of effort was expended on improving 

the flow in the tunnel, the rertioal Maoh number distribution appears to be 

exoellent. 

The lateral surreys for the seoond station are not presented in this report 

beoause, as the wall statics indioate, the flow at the end of the test section is 

poor probably partially due to some flow reentry from the plenum and partially due 

to the effeots of the physioal discontinuity oaused by the diffuoer and test 

seotlon wall joint, as disoussed on page 5 . 

Control of Test Section Mach Humbor Through Transonio Range with 6 Per Pent 
Biconvex Airfoil in Test Seotlon 

To investigate the blookage oharaoteristios and controllability of test 

seotlon Maoh number through the transonic range with a typical test model mounted 

in the test seotlon, sohlieren photographs and longitudinal Maoh number distri- 

butions were obtained with a 6 per cent bioonvex airfoil model at 0° and 2° angle 

of attaok for rarious tunnel Maoh numbers from about 0.8 to 1.25. These tests 

were made with the parallel Ho. 00 Brdle sheet walls. The schliefen photographs 

o 
of the flow around the airfoil at 0 angle of attaok and the corresponding Maoh 

9 - 
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number distributions as determined from wall statio pressure measurements for 

the range of Maoh numbers of 0.8 to 1.25 are given in Fige. 22, 23 and 24. In 

these tests the model oenter line was looated 10 inohes from the test seotion 

entranoe and the model ohord was 1.5 inohes. As may be seen by the progressive 

wave formations on the model as the Maoh number inoreased, the model was not 

perfeotly aligned with the flow« but was at a very slight angle of attaok. 

It is interesting to oompare the Maoh number distributions for given 

terminal Maoh numbers with the corresponding sohlleren photographs. The formation 

of waves on the airfoil« the approaoh of the det«toned shook and its final at- 

tachment to the airfoil as the stream Maoh number increased and the effect of the 

waves on Maoh number distributions through the transonic into the supersonic 

range may be studied from this series of figures. All conditions piotured here 

were easily repeated in the tunnel» tested anproaohing from either the high or 

low Maoh number side. 

Figs. 25 through 51 present the longitudinal Maoh number distributions and 
Q 

schlieren photographs of the flow about the airfoil at a 2 angle of attaok. 

Here again,the wave formations on the airfoil as the flow passes through the 

transonio range into the supersonio range are clearly shown. Again all con- 

ditions were easily duplicated. 

Although the walls were not of the oorreot porosity for oomplete cancel- 

lation of fee waves from the model, it is apparent from the photographs that only 

very weak disturbances were reflooted throughout the Maoh number range tested. 

Listed below are the ideal porosities for oomplete wove cancellation and the 

aotual porosities for the three Maoh numbers corresponding to the sahlierens 

of Fig. 24. The ideal porosities were computed according to the theory of 
o 

Eef. 10, and the aotual-porosities were measured . 

Maoh Ho.    Ideal Porosity   Actual Porosity 

1.12 .00611 .0309 
1.20 .00628 .0240 
1.25 .00986 .0245 

= 10 - 
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Power Requirements for Suotion 

In an attempt to establish the order of magnitude of auotion powers required 

for various terminal Haoh numbers, aotual mass flows through the porous walls were 

measured by means of a calibrated venturi meter while the tunnel was in operation 

and the pressure ratio through whioh this mass of air had to be compressed was 

measured. The true weight flow variation for various terminal Mach numbers for 

this speoifio tunnel using six wall configurations is presented in Fig. 32. From 

these data ideal powers per square foot of test seotion area were computed and are 

given In Fig. 54. It should be noted that the powers given are for atmospherio 

test seotion stagnation pressure; the power required is proportional to stagnation 

pressure. The data presented in Fig. 52 reveal that in accelerating the flow from 

a Mach number of approximately 0.80 to about 1.26 about 56 per oent of the total 

mass removed by suotion is used in accelerating the flow to a Maoh number of 

unity whereas aooording to simple one-dimensional theory*5, * Maoh number of 

one should be attainable with no suotion* 

The suotion power required to achieve a Maoh number of unity oannot be 

predicted on the basis of any presently available theory« nor is the mechanism 

involved very dearly understood. It may be seen in Fig. 52 that, with no mass- 

flow removal, the tunnel Maoh number attained is somewhere between .76 and .86 

depending on the wall material and the wall divergence. With wall divergence, 

the presence of a physical seoond throat at the entrance to the diffuser, as 

discussed previously under Description of Model, tends to overshadow other 
I 

effeeta. For the parallel-wall eases, it appears that the lower the porosity 

of the wall, the higher the Maoh number attained. At first it was thought that 

the limitation on Maoh number without suotion power was entirely due to boundary 

layer and friction ohoking of the tunnel. Since the ratio of boundary-layer 

thlokness to tunnel depth is quite large in a solid wall tunnel of the size u&ed 

- 11 - 

CONFIDENTIAL 



CONFIDENTIAL 

in these experiment!, this appeared to be a plauiible explanation« The tunnel 

with solid parallel walls choked at a Mach number of .78. If this were the case, 

the choking Mach number would be very muoh higher in a large scale tunnel as the 

ratio of boundary-layer thiokness to tunnel depth deoreased. in examination of 

the longitudinal Maoh number distribution for subsonio flow in the tunnel (for 

example, Fig. 6) showed no progressire inorease in Maoh number with distance 

downstream of the throat, such as would be expected with ordinary boundary-layer 

thickening» In faot the Maoh number remained virtually constant over the tunnel 

length, and showed a slight tendency to rise only near the end of the porous 

seotion. This dearly indicated that flow through the porous wall was modifying 

the mechanism of boundary-layer ohoking as observed in the tunnel with solid walls. 

A further evidence of this effeot was the faot that the limiting Maoh number was 

a funotion of wall porosity as disoussed above. 

• simple one-dimensional theory is not adequate to handle the problem of 

subsonio flow in a porous-wall tunnel as disoussed in Ref. 8. There it is shown 

that a mass-flow inorease (or flow into the tunnel from the plenum) is required 

to raise the Maoh number to unity. On the other hand the pressure of the main 

stream must deorease with increasing Maoh number, and the plenum would be at the 

pressure corresponding to a terminal Mach number of unity, or lower than it is 

at the start of the porous section. Thus, the flow would be out of the tunnel 

rather than into it. These two requirements on plenum pressure and mass flow 

are obviously contradictory, so that the assumed mechanism of operation must be 

in error. A possible explanation of what is ooourring may be made on the basis 

of a branohed-flow hypothesis, Jocording to this hypothesis, the flow branches 

into two oirouits on entering the porous seotion of the tunnel) one olrouit is 

along the tunnel itself, while the other is out through the wall, through the 

plenum and then baok through the wall into the tunnel near the end of the porous 
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••otion.    Sinoe there are losses in the main oirouit, and consequently t preiiun 

drop, there will neoessarily be flow   through the plenum oirouit with the same 

pressure drop.    Whwn no motion is applied« this flow through the plenum oirouit 

reenters the main tunnel stream near the end of the porous teotion.    The reentering 

flow is at low total head, due to losses in entering the plenum, and oauses a 

pressure loss in the main stream.    In addition, the reentering flow has a blocking 

effeot.    When suotion is applied to the plenum, a controlled amount of the flow is 

prevented from reentering, and when, finally, all reentry is prevented, a Mach 

number of unity is attained,  if the withdrawn air near the beginning of the plenum 

iueludes most of the boundary-layer air.    The aotual power to bring the main stream 

up to a Maoh number of unity in this oase eomes from the main tunnel drivei the 

suetion power serves only to prevent losses and blookage dun to low-head air 

reentering from the plenum.    Quite obviously, this qualitative approach leaves 

many questions unanswered and provides no means of estimating suotion power re- 

quirements or the effects of scale.    The need for further researoh on the subsonic 

operation of porous wall tunnels is apparent. 

It is of some interest to compare the mass-flow ratio to bring the flow to 

a Mach number of unity from a subsonic Maoh number with the equivalent area ratio 

required if a geometrioal blockage were causing the limitation.    The mass-flow 

ratio is the ratio of mass flow through the suotion pump to total mass flow at 

the tunnel entrance.    The geometrical area ratio is the ratio 

4&   -  1 
I* 

These ratios are compared in Pigs. 56 through 38 for six wall configurations, the 

area ratio analogy belig labeled    "One-Dimensional Flow" and the aotual measured 

mass-flow ratio labeled    "Experimental.*    in inspection of these figures shows the 
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two ratios are of the Ban» order of magnitude., 

It is of interest to oonsider the incremental mass romoval neoossary to 

aooelerate the flow from a Mach number of unity to a giren supersonio value 

rather than the total mass actually restored for purposes of comparison with 

theory. The incremental mass flows versus Mach number for six wall configu- 

rations ere presented in Pig. 35. Using these incremental mass-flow data, incre- 

mental horsepowers per square foot of test seotion area for various terminal Mach 

numbers were oomputed and are graphed in Fig. 35. Also included in this figure 

is a eurre of ideal power loss through the porous wall as determined from the 

theory presented in Ref. 8. It should be stated that all curves are "ideal* 

power loss, i.e., power required for suetion with a 100 per oent effieient machine, 

but all curveo exeept the one determined from theory were oomputed from measured 

mass flows end pressure ratios for the speeifio wall materials listed. It is 

significant that all incremental power ourves determined from experiment show 

greater power losses than the theoretical ourre although the theory assumes total 

dynemio head loss when the removed mass passes through the porous walls. It is 

also a salient faot that at the higher end of the Maoh number seale there is a 

remarkable difference in power loss for different wall materials ac determined 

experimentally. The power ourve most olosely approaching the theoretioal curve 

was obtained using the Ho« 00 Rrdle sheet diverged one degree. All wall specimens 

tested showed an increase of slope of the power required ourve with increasing 

Maoh number and each specimen showed a deorease in power required at a given Maeh 

number for the diverged wall configuration compared to the parallel wall ease. 

This phenomenon may be due to a number of factors suoh es effeet of diverging 

walls on boundary layer growth, nossle effect due to diverging walls and th» 

formation of a geometric seoond throat at the end of the test section due to 

diverging walls (as disoussed in the seotion Description of Model and Test Apparatus). 
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It appears impossible to iso?ate single effects from the available data. 

Comparison of Theory and Experiment for Longitudinal Mach Humbar Distribution 

6 
One-dimensional theory for predicting longitudinal Mach number distribution 

in oompared with experimentally determined longitudinal Maoh number diitributions 

in Figs. 39 through 41. In these figures the Maoh number distributior predleted 

by theory are shown by solid curves while the experimental Maoh numbers as oom- 

puted from wall statio pressure readings are shown as symbols. The comparisons 

for four terminal Maoh numbers using the two IT Erdle sheets as walls are pre- 

sented in Figs. 39 and 40. The theoretical predictions are quite good considering 

that the theory assumes r,  linear rariation of ^ p aoross the wall with normal 

veloolty, whereas it is known that for the materials used this assumption is not 

true'. The aotual variation falls between a linear and a square law. For these 

comparisons an experimentally determined  Ap/V was selected for eaoh material 

that fell about in the middle of the extreme  £p range enoountered in a given 

oase. This value of   Ap/v VM substituted for k/^ftt as defined in Sq. (7) 

of Ref. 8 for the determination of the theoretical Maoh number distribution*. 

The comparison of theory and experiment for sintered bronte sheet and for 

lo. 00 Srdle sheet walls is given in Fig. 41. For these eases the theory is not 

in a« good agreement with experiment as for the two IT Srdle sheets. The sintered 

bronse sheet is less porous, and the lo. 00 Srdle sheet is more porous than the 

Ho. IT Srdle sheet. It appears that the simple theory assuming one•dimensional 

flow and linear wall characteristics is adequate to show the order of magnitude 

of tunnel length required to produce a given supersonic Mach number. More accu- 

rate calculations oan be made by using the method of oharaoteristios and the 

actual wall properties in speoifio eases. 

•ZV-   X j' 
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CONCLUSIONS AND RECOMMENDATIONS 

A« a result of Phase I experimentation the following conclusions are madei 

1. The perforated wall tunnel with suction appears to offer a Tsry satis- 

factory configuration for a transonic wind tunnel at this tins based on con- 

siderations of test seotion Mach number controllability, uniformity of flow,ware 

cancellation, ohoking characteristics, and power required« 

2. The test seotion flow appears good although no exhaustire development 

was undertaken to improve the flow. 

3. The one-dimensional theory of Ref. 8 appears to be adequate for pre- 

dicting longitudinal Mach number distribution at low supersonio Maoh number for 

the porous materials tested« 

4. Supersonio power requirements for suotion are of the order of magnitude 

predioted by one-dimensional theory. 

5» Suotion power and mass flow required to raise the tunnel Maoh number to 

unity are considerable, and the meohanism involved is not well understood* 

It is recommended thatt 

1. A oombination Laval perforated wall tunnel be investigated for higher 

supersonio Maoh numbers in order to reduee the suotion powers required. 

2. Pressure distributions over test models measured in a perforated wall 

tunnel be compared with free flight data to determine how closely free flight 

oonditions are simulated. 

5. A more comprehensive program be run to determine the effect of divergent 

walls on flow oonditions. 

4. A more detailed study be made of the effeot on the suction power and 

mass flow required to reaoh a Maoh number of unity. 
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