
RM L54C08 

NACA 

RESEARCH MEMORANDUM 

MEASUREMENTS AND PREDICTIONS OF FLOW CONDITIONS ON A 

~ TWO -DIMENSIONAL BASE SEPARATING A MACH NUMBER 3.36 .. 
JET AND A. MACH NUMBER 1.55 OUTER STREAM 

By Donald E . Coletti 

Langley Aeronautical Laboratory 
Langley Field, Va. 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WA"SHINGTON 

May 7, 1954 
Declassified March 19, 1957 



NACA RM L54c08 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

MEASUREMENTS AND PREDI CTI ONS OF FLOW CONDI TIONS ON A 

TWO -DIMENSIONAL BASE SEPARATING A MACH NUMBER 3 . 36 

JET AND A MACH NUMBER 1 . 55 OUTER STREAM 

By Donald E . Coletti 

SUMMARY 

An investigation has been made in a mlxlng- zone apparatus to study 
the effects of jet flow on two- dimensional base pressure and the develop
ment of supersonic channel flow about a two- dimensional base, with and 
without splitter plates of different thicknesses . The Mach number of 
the outer streams ahead of the base was 1 . 55 for fully developed super
sonic flow, whereas for the center jet the Mach number was 3 .36 . 

The results of the investigation indicated that the semiempirical 
method presented in NACA RM L53C02 gave a good prediction of the pressure 
on a two- dimensional base separati ng supersonic streams of different 
Mach numbers, stagnation pressures, and static pressures . Also, the flow 
pattern downstream of the jet exit was predicted satisfactorily by the 
regular shock and expans ion equations and two- dimensional characteristics . 
Within the limits of this investigation, the base-pressure coefficient 
is unchanged when the absolute magnitudes of the center- jet and outer
stream pressures are varied providing the ratio of the two pressures is 
constant . Without the center jet , there was little or no variation of 
the base pressure across the base . During the process of establishing 
supersonic flow in the outer stream, the base pressure was increased as 
much as 30 percent by the addition of the splitter plate ; a very small 
increase was observed for a fully developed supersonic flow . This effect 
was due to the action of the splitter plate in decreasing the turbulent 
scavenging by preventing the formation of the large vortices of the 

/ .-
Karman vortex street . 

INTRODUCTI ON 

Fecently , considerable interest has center ed upon the behavior of 
the flow about a base which separates a propulsive jet from an outer 
stream . Since this type of base i s pr esent in jet-propelled a ircraft 
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and miss i les) knowledge of the base drag and of possible methods for its 
prediction and alleviation is important. 

For the case in which a jet issues from the base) reference 1 pre
sents results from an investigation of jet effects on boattail and base 
pressures for axially symmetric configurations. For the case without 
jet f low, fair estimates of the drag may be made by the methods presented 
in references 2 to 4) provided the boundary layer ahead of the base is 
turbulent. The approach of reference 4, which considers most of the 
pr imary variabl es that affect base drag in the absence of jet f l ow, 
hinges upon the concept of the base pressure being primarily dependent 
upon the pressure rise required to s eparate the boundary layer . Refer
ence 4 also discusses briefly an analogy between the angle-of-attack 
effects on the pressure on a t wo- dimensional base in a uniform stream 
and the pressure on a base separating supersonic streams having differ
ent Mach numbers and pressures . I n order to examine further the possi
bility of predicting the pressure on the latter type of base configu
ration , the present investigation was conducted in the mixi ng-zone 
apparatus (MZA ) of the Langley 9- inch supersonic tunnel . 

A secondary purpose of the investigation was to study t he flow 
doWnstream of a two- dimensional base spanning a supersonic channel, with 
particular emphasis on the effects of· splitter plates on the flow during 
the process of establishing supersonic f l ow in the outer stream. The 
addition of a split t er plate to a two- dimensional base has been shown to 
reduce the base drag considerably (see refs. 5 to 7) by the elimination 
or suppression of the regular ~rman vortex street . A somewhat similar 
action has been indicated by reference 8 to take place on a body of 
revolution when a sting is added to the base . 

M 

Po 

Pj 

P 

SYMBOL S 

Mach number 

stagnation pressure of outer streams, in . Hg abs 

stagnation pressure of center jet, in. Hg abs 

static pressure, in . Hg abs 

outer-stream static pressure) in. Hg abs 

center-jet static pressure, in. Hg abs 

static pressure on base, in . Hg abs 
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h 

x 

base-pressure coefficient, 

pressure-rise coefficient required to separate a turbulent 
boundary layer 

height of two-dimensional base or center jet, in. 

outer-stream dynamic pressure, in. Hg abs 

distance downstream from end of tWo-dimensional base, in. 

3 

distance to location of flow division on splitter plate, in. 

y distance from h/2 on two-dimensional base, in. (see fig. 6) 

z spanwise distance across width of mixing-zone apparatus, in. 

APPARATUS AND TESTS 

Mixing-Zone Apparatus 

General description.- All tests were conducted in the supersonic 
mixing-zone apparatus (MZA) which is located in the Langley 9- inch super
sonic tunnel building. Figure 1 presents a schematic drawing of the 
main components of the apparatus. This apparatus is of the blowdown 
type and utilizes the high-pressure air supply of the Langley 9- inch 
supersonic tunnel for operation; the test section exhausts to the 
atmosphere. 

Two independent flow systems are incorporated: The primary system 
which supplies the air for the outer streams, and the secondary system 
which supplies the air for the center stream or jet. (See fig. 2.) The 
systems may be operated singly or simultaneously, depending on the nature 
of the tests. The secondary system is capable of s upplying air for a 
center jet having a stagnation temperature from about room temperature 
to 6500 F. The higher temperatures are obtained by means of an inertia 
heater. However, for this investigation, tests involving the center jet 
were limited to stagnation temperatures of about room temperature. Maxi
mum stagnation pressure for the primary system is 250 lb/ sq.in . and 
for the secondary system, 500 lb/ sq . in . The incoming air from the 
storage tanks has a dewpoint of approximately - 300 F. 

Test section.- The apparatus is so designed that either two- or 
three- dimensional nozzles may be used and readily interchanged. For the 
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present tests, a two- dimensional setup was used as shown in figure 2. 
The outer-stream Mach number and the jet Mach number may be varied by 
changing the outer nozzle blocks and center-jet unit, respectivel y_ The 
outer-stream Mach number was 1 . 55 in the present tests (fully developed 
supersonic floW); a survey of the outer stream at and just ahead of the 
base of the center- j et nozzle for the fully supersonic condition is 
shown in figure 3 . The center- jet Mach number is assumed to be 3.36 
from an average of the results of a survey made at the exit of the jet 
and shown in figure 4. Figure 4 also shows that Mach number gradients 
existed across the exit of the jet and schlieren observation of the jet 
flow also indicated disturbances . The disturbances are caused by 
imperfections in the machining of the center-jet nozzle. In most of the 
tests in which the center jet was inoperative, the center-jet exit was 
closed by means of a metal plate inserted flush with the exit. With the 
center jet inoperative, the setup is essentially that of a thick two
dimensional base immersed in a two- dimensional stream. 

Schlieren system.- For ~ualitative-flow observations, a double
image schlieren system is available which simultaneously records two 
images on a single photographic negative with a single spark of the 
source light . One image indicates vertical density gradients; the other, 
horizontal density gradients . This schlieren system is particularly 
suited to investigations involving unsteady flows and transient density 
fields . The design of this system was based upon information given in 
reference 9. 

Other units .- The mlxlng- zone apparatus and its component units are 
operated from the cont rol panel shown in figures 5(a) and 5(b). Pres
sures are indicated on the multiple - tube mercury manometer and by preci
sion laboratory pressure gages; these pressures are recorded by camera. 

Tests 

The stagnation pressure of the outer streams was varied from 30 to 
about 380 inches of mercury absolute ; the average stagnation temperature 
was 500 F. The stagnation pressure of the center jet was varied from 
30 to 922 inches of mercury absolute and the average stagnation temper
ature was 730 F. The dew point for both the outer streams and center jet 
was approximately _300 F. From the results presented in reference 10, 
little or no effect of water- vapor condensation would be expected at a 
Mach number of 1.55, whereas at a Mach number of 3.36 some condensation 
effects may be present. It is believed, however, that any such effects 
were not large enough to have an important influence on the results 
obtained at this Mach number . 

The first series of tests involved the use of the outer streams 
only and no splitter plates . In a portion of these tests, measurements 
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were made of the base pressure with the jet exit open (hollow base) by 
means of orifice 8 as indicated in figure 6(a). Tests were then made 
with a base plate inserted flush in the jet exit and baving orifices 
located as shown in figure 6(a) also. The sides of the plate were 
sealed; the top and bottom were not sealed and thus allowed the small 
gaps to act as pressure orifices vented to the common orifice 8. The 
pressure indicated by orifice 8 for this setup was) therefore) a mean 

value between the pressures at the -4- = ±0.9 locations. Orifice 3 
hj2 

is located on the inner surface of the center-jet nozzle at x = -0.1. 
Since the base plate is 1/8 inch thick) the orifice is under the edge 
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of the base plate and therefore corresponds to h/2 = -0.9) but the 

pressure at this orifice would also be subject to some effect from the 

pressure at -Y-/ = 0.9. Some additional pressure-distribution measure-
h 2 

ments for the outer stream were made by a measurement of the static 
pressures along the outer surface of the center-jet housing by means of 
the orifices located as shown in figure 7 (orifices 9 to 14). 

The second series of tests again involved the use of the outer 

streams only but with the use of splitter plates Jl) 1) and 1 inch thick 
16 8 4 

attached to the center of the base plate as shown in figure 6 (b). Static 
pressures were measured as in the first series of tests and visual obser
vations of the flow along the splitter plate and base plate were made by 
glueing tufts of cotton to these surfaces. 

The third series of tests involved the use of the center jet oper
ating with and without the outer streams. Static pressures were meas 
ured by means of orifices located as shown in figure 7. 

Schlieren pictures were taken of the flow about the base with and 
without splitter plates and base plate and with both the center jet and 
outer streams operating simultaneously over the range of stagnation 
pressures investigated. 

PRECISION 

The maximum estimated error for the stagnation pres sure is ±0.5 inch 
of mercury absolute; for the base or static pressures this error is 
±O.l inch of mercury absolute . The resulting accuracy for the Mach num
ber in both the outer streams and center jet is ±0.012. The maximum 
variation of the stagnation temperature for a given run (30 to 60 seconds) 
was approximately 50 F. The accuracy for the base-pressure coefficient 
is ±0.01. 
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RESULTS AND DISCUSSION 

Starting Cycle for Outer Streams Only 

The results of the pressure measurements with and without base plate 
and splitter plates are presented in figures 8 to 10 for each orifice as 
the variation in the ratio of the static pressure to the stagnation 

pressure ~ with po . In figures ll(a) and ll(b) are shown the vari-
Po 

ations of base and static pressure with stagnation pressure for orifices 4 
and 9. 

Wit h and without base plate (no splitter plate).- The results shown 
in figure 8 for the various orifices show that, for a given value of Po' 

there is little variation in the r at io of JL for the base across the 
Po 

face of the base plate. This condition is more readily indicated by 
figure 9 where the distribution across the base is presented for several 
values of po . Both figures show that, beyond a value of Po of about 

140 inches of mercury, ~ experiences almost no change, whereas from 
Po 

30 (no flow) to 140 inches of mercury the decrease in p which must 
Po 

occur exhibits several peculiar variations, notably in the range of Po 

from 60 to 100 inches of mercury . The results of figure 8(i) show that 

the variation of p with the base open is essentially the same as that 
Po 

with the base plate installed . 

An explanation for the behavior of the base pressure with increasing 
Po may be seen in figure 12 where double-image schlieren photographs 

are presented for varying values of po . As explained in the description 

of the schlieren system, the vertical- and horizontal-knife- edge images 
are taken simultaneously . When the flow first begins, the schlieren , , 
photographs show that a well- defined Karman vortex street forms behind 
the base. The large vortices are seen to dip well into the region 
behind the base (po = 35 . 6 inches of mercury). The resulting turbulent 

scavenging of the dead-air region behind the base lowers the base 
pressure . A sketch of the phenomena is shown in figure 13(a). As Po 

increases, the base- pressure ratio would be expected to decrease since 
the velocities of the turbulent oscillations are proportional to the 
velocity of the wake, which in this range of Po is increasing with po. 

It will be noted that, for several values of Po (for example, 
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40.7 inches of mercury), two observations are presented in figure 12 to 
show the unsteady character of the flow . 

As Po increases to a value for which the shock is first driven 
downstream of the base (Po ~ 60 inches of mercury), the base-pressure 
ratio continues to decrease in the manner that has been described, but 
the rate of decrease is less, probably because the large vortices that 
dip deeply into the region behind the base tend to move downstream with 
increasing Po' Once the flow is fully supersonic at M = 1.55 ahead of 
the base, a strong oblique shock occurs at the corner of the base. When 
Po exceeds about 60 inches of mercury) the wake boundaries appear to 
break down and cause the large vortices to move upstream toward the 
base again. These vortices seem to reach their greatest intensity just 
below Po ~ 80. In this region (Po ~ 60 to Po ~ 80) the base pressures 
of figures 8 and ll(a) show a distinct decrease. When ro = 80, the base 
pressure suddenly increases. The schlieren observations show that the 
large vortices are suddenly eliminated near this value of Po and that 

the pattern of the flow reverts to that which exists at Po < 60. The 

latter would seem to indicate that, in this range of Po (60 to 80), 
the breakdown of the wake boundaries into large and intense vortices 
close to the base is a severe transient condition rather than any back
pressure effects at the exit of the test section or effects from inter
action of the wake and the reflected oblique shocks. 

From a Po of 80 to about 95, the base pressure again decreases 
slightly; this effect appears to be associated more with a weakening of 
the shock at the base edge to a strength which seems comparable to that 
for the lip shocks of supersonic base phenomena rather than with any 
appreciable expansion at the base . Between Po = 90 and 95, the base 
pressure undergoes an abrupt decrease shown clearly by figures 8 and ll(a). 
In this range, the flow undergoes an expansion at the base corner, as 
indicated by the schlieren photographs . From Po ~ 95 to 140, the 
expansion at the base increases until, at Po ~ 140, the base phenomena 

resemble those known to exist for two- dimensional bases in supersonic 
flow. The base pressure decreases accordingly. 

The results presented in figure 10, with the center jet inactive 
and no splitter plate, show an orderly decrease of static pressure along 
the wall of the outer stream with increasing stagnation pressure up to 
a value of Po = 140 where a fully supersonic flow is established. 

With splitter plates .- From Po = 30 to Po = 60, the base pressure 
with splitter plate is slightly higher than that for no splitter plate 
as shown in figures 8 and ll(a). An explanation for this difference is 
obtained by a comparison of the schlieren photographs of figures 12 to 15. 
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(See Po = 36.6 and 40 .7, for example . ) The splitter plate is seen to 

lessen the turbulent scavenging by preventing the formation of the large 
vortices and to damp t he tendency of the vortices to dip deeply into the 
dead-air region . This eff ect is illustrated by a sketch in figure 13 (b) 
which may be compared with the sketch of the phenomena with no splitter 
plate . (The dark streaks in some of the photographs are caused by oil 
collecting on t he windows during the run or from previous runs.) 

From Po = 60 to Po = 80, the base-pressure variation with splitter 
plates shows none of the sudden decrease and subse~uent increase which 
occurred without a splitter plate. Comparison of the schlieren photo
graphs with and without splitt er plates for this range of Po shows 

that the breakdown of the wake boundaries into violent vortex action is 
completely eliminated by the ~resence of the splitter plate and that the 
flow continues its orderly transition toward a pattern common to a super
sonic base . 

From these results, the action of the splitter plates in appreciably 
increasing the base pressure approximately 30 percent in the stagnation
pressure range of 60 to 80 is clearly that of preventing the vortices 
shed by each base edge from forming into a common and large vortex street. 
Investigations in the high subsonic and transonic speed ranges of blunt 
trailing-edge airfoils, sheet-metal joints (the sheet-metal joint corre 
sponds to a base with a splitter plate), and a two- dimensional flat plate 
normal to the stream in a water tunnel (see refs. 5 to 7) show increases 
in base pressure and corresponding decreases in base drag through. the 
splitter-plate action in eliminating or appreciably suppressing the vor-

/ I 
ticity associated with the regular Karman vortex street . A somewhat 
similar action has been indicated to take place on a cylindrical body 
of revolution with the addition of a sting 3/ 5 of the base diameter in 
the transonic speed range as shown by reference 8 . The flow conditions 
observed in the present investigation thus provide additional information 
on the drag reduct ion measured at the high subsonic and transonic speeds 
due t o splitt er-plate installation . 

During the starting cycle, the static pressure at the lip of the 
base (obtai ned by orifice 9) is increased by the addition of a splitter 
plate as shown by figures 10 and ll(b) . This effect is probably due to 
the action of the splitt er plate in reducing the violent vortex action 
and, conse~uently , some of the i nduction effects at the lip which would 
normally be present in the absence of a splitter plate . These effects 
are , of course, reduced in progressing further upstream as shown by 
orifices 10 to 14 in figure 10 . 

Observations of tufts glued to the base plate and splitter plates 
gave an indication of the veloc i ties and their dir~ctions along the sur
face of the base and splitter plate . Regardless of the value of Po' 
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the flow outward from the center of the base toward the base edges 
appeared to be rather steady . The velocity of this flow appeared to 
increase with Po, this being most noticeable as the supersonic expan
sion about the base began. 

The flow along the splitter plates was somewhat erratic at the 
very low values of Po; however, there did appear to be a consistent 
flow toward the base, particularly within t wo to three inches of the 
base. At the higher values of Po, the direction of flow was well
defined and is indicated by the results shown in figure 16 which give 
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the point of division between forward and reversed flow along the splitter 
plates as a function of Po ' These measurements may be considered 
accurate to ~1/8 inch . The point of flow division moves rapidly toward 
the base as the expansion about t he base increases. Beyond Po ~ 140 
the movement becomes small; this result agrees with the observed behavior 
of the base pressure and corresponds to the stable condition for super
sonic base phenomena at M = 1 . 55 ahead of the base . 

Fully Established Supersonic Flow 

Outer streams only. - The flow over the base becomes fully super
sonic at Po = 140 as shown by the negligible variation of JL 

Po 
beyond Po = 140 in figure 8 and the convergence of the flow downstream 
of the base from both the upper and lower streams in the schlieren photo 

p 
graphs of figure 12 . This negligible variation of 

Po 
since a fully turbulent boundary layer existed ahead of 
values of Po ' 

is to be expected 

the base for all 

Increasing the splitter-plate thickness gives a slight increase in 
the base pressure as shown by the orifices in figure 8 or more clearly 
by orifice 4 in figure ll (a) . 

Center jet. - Results from tests involving the use of the center jet 
only are confined to schlieren photographs shown in figure 17. No base 
pressures are presented, since the pressures obtained by means of 
orifice 1 located on the lip of the base were approximately equal to 
26.0 inches of mercury absolute regardless of the values of Pj when 
the flow from the center jet i-raS supersonic. These photographs are 
included to make available a means for qualitative comparison with the 
flow of the center jet when the outer streams are operating. It will 
be noted in this figure that the schlieren photograph taken at Pj = 922 
(as an example) in the column labeled "vertical knife- edges" has some 
disturbances near the center of the jet which arise from points ahead 
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of the j et exit. These d i sturbances are caused by an imperfection in 
the machining of t he center - j et nozzle . The sket ch below will perhaps 
show the i r l ocation more clearly . 

Disturbance caused 
by imperfection 

Requir ed shock pattern 

-------- Line of symmetry 

Mixing zone 

These disturbances do not have suff ici ent strength to alter the flow 
patterns from the predicted patterns as will be shown in a later figure. 

Center jet with outer s treams .- The variation of the static pres 
sures for the outer stream measured on the outer surface of the cent er
jet housing (see f i g . 7) with bot h the center jet and outer streams 
operating Simultaneously at di f ferent values of Po is shown in ~ig-

ures 10 and ll(b) . The values of p are not confined to any particular 
Po 

L For the values of 
Po 

shown, the s t agnation pressures value of 

of the center jet were varied between 168.8 and 807.9 with several dif

ferent values of Po giving the same value of JL at constant po . 
Po 

The jet effect on the static pressures is seen by comparing the circle 
symbols with and wi thout flags . The only significant variation occurs 
in the s t agnation pressure range below Po = 65 for the orifice located 
nearest to the lip of the base (orifice 9). The reduction in static 
pressure on the surface just ahead of the base caused by ' the center jet 
appears to be associated with t he i nduction effects of the jet upon low 
energy air in the boundary layer, and the elimination of the large semi
dead air region downstream of the base by the presence of the jet. These 
flow conditions are illustrated in figure 18 which presents photographs 
of the outer streams at Po = 55 with and without the center jet. 

A series of double - image schlieren photograp~ of the phenomena 
associated with the interaction of the outer streams and center jet is 

--_., ---- ----
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shown in figure 19 for a condition of constant out er-stream stagnation 
pressure and variable center-j et stagnat i on pressure . The value of 
Po = 61 . 1 was taken as an i llustrative example of the flow conditions 
at the lip. At this outer- s t ream stagnation pressure, the flow has 
just become supersonic (at the lip) when there was no center-jet flow. 
( See fig. 12 .) Comparison of figures 12 and 19 shows that the center 
jet has no apparent effect on the flow pattern in the outer stream ahead 
of the base lip when Po ~ 65 or greater, and this result is in agree
ment with t he variation of the static pressures mentioned in the 
preceding paragraph . When photographs from figures 17 t o 20 with and 
without the outer stream and at various combinations of stagnation pres
sures for both the center jet and outer streams are compared, the mutual 
effects of one flow on another in increasing the downstream extent of 
supersonic flow are apparent . 

Predictions of flow field .- Enlargements of schlieren photographs 
of the flow over the base for different values of Po and Pj are 

shown in figure 21 with the theoretical shock patterns and boundaries 
or mixing zones superimposed on the actual patterns. The patterns in 
figure 21 were selected as illustrative examples since they best repre
sent typical flow patterns obtained in the mixing-zone apparatus for the 
range of Po and Pj values investigated . The predictions of the 

various shock waves and mixing zones were obtained by use of the regular 
shock equations, equations of the Prandtl-Meyer expansion around a corner 
( found in refs. 11 and 12) respectively), and two- dimensional 
characteristics. 

The prediction of the flow field downstream of the base with the 
center jet only) shown in part (a) of figure 21) gives very good agree
ment with the actual flow field . This agreement shows that the disturb
ances caused by poor machining of the center - jet nozzle have very little) 
if any, effect on the jet field . 

For the prediction of the flow field downstream of the base with 
both t he center jet and outer streams operating simultaneously) shown 
in parts (b) to (f) of figure 21) the base lip between the two super
sonic streams was assumed to have zero height. (Actually) the height 
was 1/ 16 inch as shown in fig. 7. ) The first step is to determine the 
turning of the mixing zone between the two supersonic streams. This 
can be accomplished by obtaining a pressure equivalence across the mixing 
zone through a trial- and- error manipUlation of the shock and expansion 
equations . Once the turning angle of the mixing zone is established, 
the shock angles within the center jet are easily determined . (An expla
nation as to the determination of the flow boundaries at the base lip) 
shown in fig. 21) is discussed in connection with the base-pressure 
prediction.) 
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When the shock which appears to pass through the mlxlng zone shown 
in parts (c)) (e)) and ( f ) of figure 21 is determined) a trial-and-error 
method must again be used for obtaining the static-pressure equivalence 
across the mixing zone downstream of the shock . It should be emphasized 
that the mixing zone between the outer stream and the center jet is 
supersonic . Thus) in effect) the shock actually passes through the 
mixing zone and unites with t he shock caused by the turning of the mixing 
zone in the outer stream. It is obvi ous that the mixing zone downstream 
of the shock juncture must turn through an angle that would allow the 
flow in the cent er jet to remain parallel to the axis of symmetry or 
else to expand initially to some small angle and then gradually turn 
parallel to the axis of symmetry . For the examples shown in figure 21) 
the theoretical mixing zone diverges initially approximately 10 to 1 . 50 

from the axis of symmetry . The expansions caused by this divergence 
reflect from the axis of symmetry and pass through the supersonic mixing 
zone and thus cause the zone to turn parallel to the axis . Additional 
schlieren photographs illustrating this effect may be found in refer
ence 13 . The prediction of the continuous shock passing through the 
mixing zone is very good if the initial assumption and exclusion of 
viscous effects are considered . It should be emphasized that the cal 
culations for the flow field are not essential for the prediction of 
the base pressure . 

Base Pressure Between Center Jet and Out er Streams 

For a better understanding of the procedure used in predicting the 
base -pressure coefficient by means of the semiempirical method presented 
in reference 4) a sketch of the manner in which the flow passes over the 
base separating two supersonic streams of different Mach numbers) stag
nation pressures) and static pressures is shown as follows: 

- f Po 

, -", ~ • ' Base lip~ b ex, > 00 
" ~, 

Pj \c -

------ - .. - ----------------' 
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It is seen from the sketch that the flow over the base lip is similar to 
that of flow over a two-dimensional base) where the body is at an angle 
of att ack ~ . The angle of the mixing zone ~ is determined by the 
method presented in connecti on with figure 21 for obtaining ~tatic

pressure equivalence in regions d and e of t he sketch . The angles of the 
boundaries between regions a and b and between regions band c are deter
mined by the semiempirical method presented in reference 4. As was 
mentioned previously) this method makes use of the analogy established 
between the flow about a two-dimensional base and the pressure rise 
required to separate the boundary layer . The separation of the 
boundary layer is accompanied by an angular change in flow direction 
and it is assumed that the angles of change in flow direction are equal 
to the turning angles of the boundary of regions a and d and the boundary 
of regions c and e as a function of the Mach numbers in a and c) respec 
tively . These angles are presented in reference 4 as functions of the 
calculated Mach numbers upstream of the base lip . A total effective 
turning of the flow in region a is then obtained by adding the angle of 
attack of the body) the angle of the boundary of regions a and d) and 
the angle of turning required to obtain the Mach number in the region 
designated by Po' From this sum) the Mach number and pressure are 
obtained in region a. A similar procedure is used to obtain the Mach 
number and pressure in region c with the exception that the angle of 
attack of the body is subtracted . The average of the static pressures 
in regions a and c is then assumed to be the pressure on the base between 
the outer stream and the center jet . The above procedure was used in 
the calculation of the base pressure for the present investigation and 
is represented by the solid curve in figure 22 . The dashed curve is 
calculated by the same procedure but is based upon the empirical refine 
ment to the variation of the pressure - rise coefficient with Mach number 
given in reference 4. 

The base -pressure coefficient may also be predicted through a trial
and- error manipulation of the shock- expansion equations by varying the 
turning angle of the mixing zone ~ such as to obtain equal pressures 
in regions a and c . The sum of the turning angles between re ·ons a 
and d and regions c and e) obtained from reference 4) is ass~d to be 
constant . I t was found that the angle of the mi~ing zone ~ obtained 
by the second method does not agree with the experimental angle as well 
as that calculated by the first method ; however) the base pressure pre 
dicted by this second method agrees with the first within approximately 
1 percent . 

The calculations of the base pressures made in connection with this 
investigation were confined to an under-pressure jet; however) it is 
quite evident that they can be applied to an over -pressure jet as well. 

It is seen from figure 22 that the prediction of the base -pressure 
coefficient gives good agreement with the experimental results. 

J 
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The exper i mental results represent a variation of both the center jet 
and outer stream pressures and cover a range of pressure ratios involving 
37 values of outer - s t ream stagnation pressure . A few of the experimental 
base -pressure coeff i cients shown represent check runs . Provided the 
flow of the outer s t ream and center jet is supersonic at the base lip, 
there is little effect of magnitude of outer-stream and center - jet pres -

sures on the base -pressure coefficient at any particular value of P2 
Pl 

This result i s to be expected since it is known that Reynolds number 
has little effect on the base pressure provided the boundary layer is 
turbulent . Schlieren photographs showing examples of the flow patterns 

P2 at varying Po and Pj values but at constant ratios of are pre-
Pl 

s ented in figure 23 . I t is seen that t he flow patterns are identical 

in the vicinity of the base for constant values of P2 

The experimental base pressure above values of 

are somewhat higher than the trend established by the base -pressure 

predictions and by the experimental results in the lower range of P2 

(See fig . 22 . ) This result may be attributed to the pressures not 
settling out in the multiple- tube mercury manometer at the higher stag
nation pressures as a result of the short running times. On the basis 
of these results, it appears that the method of reference 4 will give a 
good prediction of the pressure on a two-dimensional base separating 
supersonic streams of different Mach numbers, stagnation pressures, and 
static pressures . 

Emphasis should again be placed on the fact that the method of 
reference 4 for predicting base pressure is restricted to flow having 
turbulent boundary layers upstream of the base as is the case of flow 
in the mi xing- zone apparatus . 

CONCLUDING REMARKS 

An investigation has been conducted in a mixing- zone apparatus to 
determine the effects of jet flow on two-dimensional base pressure and 
of the development of supersonic channel flow about a two -dimensional 
base with and without splitter plates of different thicknesses. With 
fully developed supersonic flow, the Mach number of the outer streams 
ahead of the base was 1.55 . For the center jet, the Mach number was 3.36. 
The results show that a good prediction of two-dimensional base pressure 
was obtained by use of the semiempirical method presented in NACA RM L53C02. 
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The flow pattern downstream of the base with both the outer streams and 
center jet operating simultaneously and both fully supersonic was pre 
dicted satisfactorily by use of the regular shock equations, equations 
of the Prandtl-Meyer expansion, and two -dimensional characteristics, 
provided the mixing zone was supersonic . Within the limits of this 
investigation, the base-pressure coefficient was unchanged when the 
absolute magnitudes of the center - jet and outer- stream pressures were 
varied provided the ratio of the two pressures remains constant. With 
use of the outer streams only and the center jet acting as a two
dimensional base, there was little or no variation of the base pressure 
across the base for any given value of outer- stream stagnation pressure . 
During the starting CYCle, the base pressure was increased as much as 
30 percent by the addition of the splitter plate ; whereas for a fully 
developed supersonic f low the increase was very small . The effect of 
the splitter plate was to lessen the turbulent scavenging and thus 
increase the base pressure by preventing the formation of the large 
vortices of the Karman vortex street . 

Langley Aeronautical Laboratory, 
National Advisory Committ ee for Aeronautics, 

Langley Field, Va . , February 19, 1954 . 
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Figure 1 .- Schematic drawing of the supersonic mixing- zone apparatus . 
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1-78° 31.1 
(a) View showing test section and schli eren system. 

Figure 5.- Photograph of the supersonic mixing-zone apparatus setup . 
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L-78032.1 
(b) View showing the control panel, heaters , and compressor . 

Figure 5.- Concluded . 
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(a ) No splitter plate . 

(b) With splitter plate . 

Figure 13 .- Formation of the vortices behind two- dimensional base at 
subsonic speeds with and without splitter plate (Po 35 to 40 inches 
of mercury absolute) . 
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Figure 17 .- Schli er en photographs of t he two- dimens i ona l center j e t at 

va r ious stagnation pressures . 
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Figure 18 .- Schlieren photographs showing the effect of the center jet 

on the outer streams . 
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Figure 19 .- Schlieren photographs of the phenomena associated with the 

inter acti on of the outer streams and center jet for a constant outer
stream stagnati on pr essure and a var iable center-jet stagnati on pr essure. 
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Vertical knife 
edges L- 83328 

Figure 20 .- Schlieren photographs of the phenomena associated with the 
inter acti on of the outer str eams and center j et for two cases of 
approxi mately constant center- jet stagnati on pr essures and variable 
outer-str eam stagnation pressure . 
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(a) Po = 30.0 (no flow); 
Pj =755.0. 

(b) f:b = 71.2; 
Pj = 808.2. 

NACA RM L54co8 

L- 83329 
Figure 21 . - Theor eti cal shock patterns of the two- dimensional flow 

superi mposed on schlieren photographs obtained in the mixing
zone appar atus . 



NACA RM L54co8 

( C) Po = I 0 I. 8 

Pj =360.3 

(d) Po= 132.3 

Pj = 891.7 

Figure 21.- Continued . 

----_. 

53 

L-83330 



54 

(e) Po = 160.8 .) 

Pj = 7634. 

(f) Po = 223 .9 ~ 

Pj = 580.2. 

Fi gure 21 .- Concluded . 
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Figure 22 .- Variation of two - dimensional base-pressure coefficient as a 
function of the ratio of static pressures of the center jet to the 
outer stream. Flagged symbols denote check values. 
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Figure 23 .- Comparison of the flows in the vicinity of the base for 

constant r a tios of P2/ Pl with varying Po and Pj values . 

(Vert ical-knife- edge schlieren photographs.) 


