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This paper presents the results of an expertnental investiation 
into the effect of suuersonie jets upon the base pressure of a bluff 
cylinder in a uniform subsonic flow. The ratio of jot dianeter to base 
diameter was 0.1875. 

Jet stagnation pressures giving slight under-.expansion of the jet 
cause an increase in the base pressure but for larger jet stagnation 
pressures the base pressure is again reduced. 

A simple theory, based on a momentum integral, shows the dependence 
of the base drag upon the jet and free stream speeds and upon the dimensions 
of the jet and the base. 

The author 1-dshes to acknowledge tiic perraission given by the Commandant 
of the Royal Air Force Technical College to undertake at the College of 
Aeronautics, Cranfield, the study reported in this paper. 
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1. TrItrogilation 

In the past the majority of work on base pressures has concentrated 
upon the base insupersonic flow. A comprehensive bibliography his been 
prepared by Wilson (Ref. 1). Very little information is available on base 
drag in subsonic flow. The present author has considered the effect on 
the base drag of a subsonic jot in the choked and unchohed condition 
issuing from the base (Ref. 2). The effect of jet deflection (Ref. 3) 
and of body incidence (Ref. 21) have also been studied, both with a subsonic 
jet issuing from the base. In each ease the base diameter has been large 
cempal•ed with the jet diameter. 

It has been shown (Ref. 2) that, for a subsonic jet, the presence of 
a bubble (or a volume of recirculating fluid) extending from the base to 
sore four body dianwters downstream, and considerable regions of reversed 
flow, cause substantial reductions in the base pressure and increases in 
the base drag. These effects increase in magnitude as the jet stagnation 
pressure in increased. 

The present paper presents the results of an experimental investigation 
into the effect of supersonic jots upon the base pressure on a bluff 
cylinder in uniform subsonic floe-, The geometry of the base, jet diameter/ 
body diameter = 0.1875, is not intended to be representative of current 
aircraft practice, although it is fairly representative of the base geonetry 
of unguided rockets. The main reason for selecting this geometry was a 
desire to explore the flow in the vicinity of the base and therefore the 
consequent advantages of using thu above dimensions are obvious. 

A simple theory, based on a momentum integral, is derived which shows 
the dependence of the base drag on the jet and free stream speeds and 
upon the dimensions of the jot and body. In order to confirm the flew 
pattern downstream of the base a simple. potential flow model has been 
taken consisting of a toroidal vertex to reiresent the bubble and a line 
distribution of sinks along the: jot centre-line to represent the entrain-
Hunt effect of thu jet. It is shown that this model yields a pressure 
distribution on the base similar to that obtained by exiDeriment. 

The author wishes to express his gratitude to Mr. G. U. Lilley for 
his help and encouragement throughout the study, to Dr. R. 1 3argent of 
the Bristol-Siddeley Acre-engine Company for providing the nozzle ordinates, 
to !1.. S. H. Lilley for the design and erection of the experimental 
equipment, to Mr. H. Stanton for nmking the nozzles and other equipment 
and to tho laboratory assistants of the Aerodynamics Department who were 
largely responsible for taking the experimental measurer'onts. 



2. TLhe dependence of the base drocoefficient  on ;jet  conditions 

Consider the flow into and out of the element ALCDEF (Fig. 1). 
BC coincides with the base and Eli' is sufficiently far downstream for the 
element to include completely the bubble and any reversed flaw. 

Let the jot radius (AB) = RJ  
the base radius (AC) 
	

RB 
and the radius of the 

mixing region (FE) = d at a distance 1 downstream of the 
base. 

U6 write 8 to represent the boundary layer thickness on the body at C. 

2.1. The basic eeuations 

The equation of conservation of mass flaw applied to the element 
yields 

1 2irr p
J  uJ  dr + 	2frr pu dr =1 27r r PU dr + 2 7r a PV dx 

AB 	 CD 	 FE 	 DE 

and from the conservation of momentum 
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If we neglect the jet boundary layer thickness (1) can be written in the 
form 8 
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and (2) becomes 
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2.2 	The base drag 

If now we definJ the base drag coefficient C-
‘ 
 by 
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which does not include the pressure integrated over the area of the jut 
at the nozzle exit, we can replace pi3  in (14.) from (5) to give 
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vthere the bound.ary layer thielmess 8 has been assumed vexy & all con-cared 
with RB. 
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With the same appreximations for the speeds and pressures outside 
the rd.xing region, equation (3) can be written 
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If we define a thrust coefficient C
T 
by 
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2.3. The case when R « RE  and uu  >> 
.Lie•-ax• 

If, in equation (12), we write 
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where P3.1)  and 11JD  are the density and velocity at the nozzle exit under 

design conditions. 
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Thus, provided the Mach number of the jet at exit is supersonic, we have 
by substituting (17) and (18) into (16) 
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From velocity traverses across the mixing region it has been found that 
for any particular jet and stream conditions the integrated second term in 
(19) is roughly independent of the position of the traverse (provided the 
position of the traverse is in the established wake) and that it is of the 
same order of magnitude as the first (constant) term. Thus we deduce that 
the integrand is nearly independent of umacc but is a function of the jet 

conditions u i 	and p JujD 	ITIP

JD

' 

Hence 

DJ 	 D 

+ y 	M2 1 Y-1) —1 

2 DlJ  

Nov/ the jet static pressure at exit is not marliedly different from the free 
stream static pressure and Rj  « R. Hence CD will be of the sane order 

as 0D,18. Thus, defining a jet stagnation pressure parameter J by 

Tja. 

PC0 • 	 y±:1_ 
(14.  yzA115 )2W-'1) 

2 D 

we have for large jet velocities 

uc, 	CD'  = f (J) 	 (22) 

It is shown in Fig. 3 that the results for the base drag coefficients, 
found in the experiments described in later sections of this paper, for 
different jet design /lach numbers collapse on the basis of 11.0 0T1  plotted 

-B 
against J for supersonic exit velocities. 
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2.4. The case when Rd  
and 1,1 < 

    

Although accurate experimental results arc not available for the case 
when the jet velocity is less than the free screen speed, it is of interest 
to consider the case for it represents the problem of "base bleed!' associated 
vith a small central jet, 

Prom equations 12 and 13 if 	d = RB, RB  >> 110. and. 

11J 	1 

°DB  - T  
2 U 

pco  UCO 

RT2  
f f-r• 2 	 p u 00. 07, 

If CT 	0 it is seen that, because the integral is always positive, 

the base drag is reduced when ,) u > 0 and u < u00 J 	 00 

3. 

3.1. The wind tunnel and instrumentation 

The tests were performed in a straight through wind tunnel having a 
closed worang section measuring 3 ft. square. The compressed air supply 
for the jot was led along the centre line of the tunnel to the working 
section in a 3.1 in. diameter pipe which was threaded at its downstream and 
to attach the models. The sul)ply pipe was encased in a auralumin sleeve 
Li in. in diameter, the space between the sleeve and the supply pipe being 
occupied by the pressure tUbes. The surface pressures from the model were 
road from a multi-tUhe water manometer. 

3.2. The _model 

The models used in those tests were each right cylinders 4 in. in 
diamotor and 12 in. long turne a from light alloy. The internal cavity of 
each model was machined to give smooth internal flow into a convLrgont-
divergent nozzle i"; in. exit diameter, each model having a nozzle designed 
to give parallel flow at the jot exit at its ciosign Mach number. The 
design Mach numbers of the nozzles, allowing for a nominal boundary layer 
correction, were 1.0, 1.2, 1.4, 1.6, 1.8 and 2.0. An internal gauze screen 
was fitted between the model and the supply pipe to eliminate non-uniformities 
in the compressed air flow from the supply pipe into the model's pressure 
cavity. 

Polythene tubing for pressure measurements was inserted in slots 
along the base radii and the models generators at angular intervals of 22,z-
and scoured with araldite.  



4. 'heon 	Vests Scone of the Te 

The tests on each of the models covered a range of free stream speeds 
from. 50 to 100 ft/sec. The actual "design?,  Mach numbers M.0. of the nozzles 

D 
-bested. were 1.0, 1.23, 1.41 1.60, 1.82 and 1.98. 	 -the jet stagnation 
pressure parameter J as in equation 21, i.e. 

Mo. 
 

P, 
J = 

, Y 	.2 \ 1 	—1 h„. 277:4) 
oy 

-where 	P
J 
 = jet stagnation pressure 

11D,,, = free stream static pressure 

MT
= jet design Mach number, D  

sufficient jet stagnation pressure was available to enable 0" to be varied 
in the range 0 to 4,0. 

The thickness of the turbulent boundary layer on the side of the 
body at the base section is 0.6" approximately from which we deduce that 
the effective length of the body is 2.3 ft. Based on this length and a 
tunnel speed of 100 ft/sec., the Reynolds .number of these tests was 1,5 x 106. 

5. Test -arocedure 

The ordinary pressure plotting techniques were used in these tests. 
Pressure measurements -were taken at tunnel speeds of 50, 55, 60, 65, 70, 
80, 90, 100 and 120 ft/sec. for each of twelve jet stagnation pressures. 

Total head and static pressure traverses wore made in a diametral 
plane across the jet and mixing region at two, three, four, six and eight 
body diancters downstream of the base. Thu total head iaoasurements were 
made using a Conrad pxwmeter from which the flow direction at any station 
was determined. The static tube was aligned in this direction laienmaking 
static pressure measumnents. The total head and static tubes wore calibrated 
at low speeds; no further corrections being applied to the readings. 
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6. Results 

6.1. Presentation of results 

The analysis of section 2 shows that the product of base drag coefficient 
and free stream speed is dependent only on jet conditions for the supersonic 
jot. We may infer that the product of the base pressure coefficient and free 
stream speed also depends only on jet conditions and is independent of free 
stream speed. Thus the pressure distribution on the base is presented in 
the form of graphs of C

P 
 u, against r/R for given values of the jet stagnation 

paramoterJ (Figs. 2 b d). 

The base pressures have been integrated over the base to determine the 
base drag coefficient 

CD 
 referred to base area [i.e. w-0323  rip] and 
B 

free stream speed. On  u, is plotted against jet stagnation pressure 

J in Fig. 3. 
The foregoing method of presentation breaks down for low values of jot 

stagnation pressure. It is Isiown (Ref. 2) that the base pressure and base 
drag coefficients in subsonic flow uith no jet are constant and independent 
of free stream speed. It is to be expected that any OD  u, curve would 

break up into several branches (one for each tunnel speed) for values of J 
less than JD' However for such jot stagnation pressure: it is known that 

the flaw from any of the nozzles is subsonic and it has been shown (Ref. 2) 
that, for subsonic jet flow, the base pressure and base drag coefficients 
are properly presented in terms of the jet momentum coefficient CJ  defined by 

m vb CJ 	
PG 2 

S 

where m is the rate of mass flow from the jet and vb is the equivalent jet 

velocity (i.e. the velocity which the jet would attain in isentropio 
expansion from its stagnation pressure to free stream static pressure. 

Pigs. 5 a — f show clearly this dependence and the point at which this 
presentation also breaks down. The radial pressure distribution for the 
subsonic jot is shown in Fig. 2a in toms of CJ. 
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6.2. The base Pressure distributil  (Fig. 2) 

For any given jot conditions the base pressure distribution follows 
the same gwerbl pattern. From the edge of the jet the base pressure falls 
tir nth inorerso of radial position to a minimum at 0.7 RB  approximately, after 
which it rises steadily to the circumference of the base. The position of 
the minimum base pressure moves outwards from 0.68 RB  at the low values of 
jot stagnation pressure to 0.73 RB  at the highest available pressures. A 
variation from the general pattern of the pressure distribution was noticed 
near the jet exit for values of J loss than JD. In the region from the jot 
exit (r/RB  = 0.1875) to some point close to r B = 0.3 the base pressure 
rises slightly before conforming to the general renuntion noted previously. 
Furthermore the position of max zaum base pressure moves inwards as the jet 
stagnation pressure is increased up to JD. Men the nozzle is at its design 
condition the pressure variation in the region 0.1875 < /03. < 0.3 is 
negligible. 

At any radial position the base pressure falls as the jot stagnation 
pressure rises to its design value for any nozzle. As P. increases further 
in the range JD  < J < 3.0 the base pressure rises only to fall again 
for J > 3.0. 

6.3. The base  cox  (Fig. 3) 

The base drag coefficient increases with jet stagnation pressure for J 
less than JD' For J between JD and 3.0 increase of jet stagnation pressure 
causes a substantial reduction of base drag coefficient; but for J greater 
than 3.0 the base drag coefficient again increases. 

6.4. The veleaikdistribution in the mi2s1ng_ralam 

Reliable velocity traverses wore obtainable only at distances greater 
than four body diameters downstream of the base. In all cases the velocity 
dictribution was of the form shown in Fig. 1. The distributions, when integrated 
according to equations 12 and 16 of paragraph 2, gave values of the base 
drag coefficient shown in Fig. 4.. 

Wimples of the velocity distributions are given in Figs. 11 and 12. 
The readings from which these distributions were obtained were taken in 
regions where the jet flow had become subsonic. 



7. 	Discussion 
7.1. Accuracy of the results 

The jet stagnation pressure 
the control valve, to an accuracy better than 2. 0 during any test. The 
tunnel speed could be kept constant to within tro and the surface eressnres 
measured to an accuracy of 0.02 in. of water. Hence the overall el.- ur in 
the pressure coefficients and in the base drag coefficients is considered to 
be let's than 9ro. This is borne out by examination of Fig. 3 in which maximum 
and minimum values are shuvin. 

No account has been taken of tnnnel interference effects. Any errors 
from this cause are expected to be small since the jet was aligned along 
the tunnel centre-line and the tunnel speed. was adjusted to its rrescribed 
value as the jet stagnation pressure was altered and before any pressure 
readings were taken. 

7.2. The flow in the base region 

The flow in the base region, for zero jet velocity, consists of a large 
volume of slowly reciraeloting flow (bubble or, if idealised, a toroidal 
vortex). Only at some three to four body diameters downstream of the base 
(Fig. 6a) is the wake well established. The form of the base pressure 
distributions and the regions of very slow and reversed flaw indicated by 
the velocity traverses show that, in the presence of a jet, the bubble still 
exists and from its inside edge flow is entrained into the jet. 

When the jet stagnation pressure is less than the nozzlets design 
pressure the jet flow is subsonic everywhere in the nozzle or passes through 
a normal shock in the divergent portion and is subsonic at exit. For the 
subsonic jet the maximum base pressure occurs near r 	= 0.3 (Fig. 2a) 
and indicates the existence of an attachment line there. The air impinging 
upon this line comes from the boundary layer on the body (Fig. 6b) and thus 
has a stagnation pressure much less than that of the free stream. The falling 
pressure gridient inwards is indicative of flow towards the jet along the 
inner portion of the base radii for the low jot speed (Pig. 6b). As the jet 
velocity is increased the bubble decreases in length and consequently the 
base pressure becomes more negative. Entrainment into the jet increases with 
increase of the jet velocity. In other words the vortex gets stronger with 
increase in jet velocity. It is also noted (Fig. 2a) that the attachment line 
mows in cares towards the edge of the jot as the jet speed increases. 

These trends continue until the jet reaches sonic velocity (for the 
convergent nozzle) or its desigi. Each nuna)er (for convergent-divergent nozzles). 
For this condition the bubble is shortest and the attachment line has moved 
to the edge of the jet (Fig. 6c). The flax on the inner portions of the base 
is outwards and very slow. 

12 

was maintained by continual adjus 	Lii nt of 
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In a slightly under-expanded jet (i.e. the jet stagnation pressure 
slightly greater than the design value) the length of the pseudo-laminar 
mixing region originating at the jet exit is greater theca that for a jet at 
its design condition. This means that the strong extraieraent occurs at some 
distance from the base (Fig. 6d). Hence the length of the bubble must increase 
causing the base pressure to increase (i.e. CD  is reduced slightly). 

B 
For a more highly under-expanded jet the extra expansion of the jet as 

it leaves the nozzle results in a smaller bubble (Fig. 60). The vortex 
strength must increase causing the base pressure to be more negative. For 
large under-expansions the jet displacement effect tends to fill up the region 
downstream of the base and for still larger jet stagnation pressures, the jet 
gives a compressive effect on the external flaw (Fig. 6f). Thus it is 
conjectured that the base pressure reaches a maximum suction for curtain 
jet conditions and then must increase with further increase of jet stagnation 
pressure. This second maximum in, and subsequent reduction of, base suction 
was outside the range of jet stagnation pressure available in the experiment. 

The structure of the axi-symmetric recircelsting flow postulated here 
has similar properties to those of the two-dimensional laminar separation 
bubble described by Burrows and Neiman (Ref. 5). 

7.3. The base_presmre.and the base drams=  

Previously (Ref. 2) it has been shown that, for subsonic jets, the base 
pressure distribution and the base drag coefficient are independent of free 
stream speed when plotted against the jet momentum coefficient C. defined by 

m v b  
J 2 

p 	S 

variations with forward speed only being apparent for jet stagnation pressures 
approaching that at which the nozzles choked. For a supersonic nozzle, O. 

is again the controlling parameter provided that the jet stagnation pressure 
is not suff:'ciently large to choke the nozzle (Fig. 5). As the nozzle design 
pressure is approached variations with forward speed are again apparent 
but, for jet stagnation pressures exceeding taice the &sign pressure, the 
dependence of base drag coefficient on jet momentum coefficient is not 
affected by free stream speed. Comparison of Figs. 5a - f show that the 
presentation of CD  against Co. still leaves a dependence unon the nozzle design 
Maeh number. 

The theory of paragraph 2 shows that, for a base diameter considerably 
larger than the jet diameter, the product of the base drag coefficient and 
free stream speed is dependent only upon conditions in the jet. As b2se 
drag is obtained by integration of the base pressure, we would expect from 
the theory that the product of base pressure and free stream speed is also 
dependent only upon jet conditions. 



For jet stagnation pressures approaching and exceeding the design 
pressure it is shown in Fig. 2 that, whatever nozzle was used, the product 
c 1.1 is dependent only upon the jet stagnation pressure parameter J and not 

explicitly upon the jet stagnation pressure or the design Mach number of the 
nozzle. In Fig. 3 the dependence of CD ,  4, upon J is shown. In this figure 

B 
the maximum and minimum values for CT, u„ are shown for the diiferent nozzles 

at various values of J and it is clear that the resulting curve is independent 
of the jet Mach number explicitly provided the jet stagnation pressure is 
greater than the design value. 

The subsonic base drag for a base without jet is a constant independent 
of free stream speed. It is therefore not surprising that there is considerable 
scatter in the values of CD  uto  for J less than J

D
. The departure of the 

B 
experimental results from the theoretical prediction for low jet stagnation 
pressures is attributed to imperfect establishment of the entrained flaw 
dawmstream of the base for such jet conditions. 

For values of J greater than JD  the jet is under.expanded and, as it 

leaves the nozzle considerable expansion occurs. Further the mixing region 
near the jet exit is probably pseudo—laminar and significant entrainment 
occurs only downstream of the compression region in the jet. The effect of 
this expansion on the base pressure has been discussed in the previous section. 
It is summarised in Fig. 7. 

7.4. Cormaris on between the o . and. C WIC rjpent (Fig. 4.) 

The base drag calculated from the velocity traverses and equation 12 
of section 20  shows reasonable agreement with that obtained by direct integration 
of the base pressure distribution for the same jet conditions. The theory 
can be simplified in the case -when Ro. << RB  and uj  >> u, giving a value of 

base drag which underestimates the experimental value only slightly. The 
general expression tends to overestimate the base drag by some five per cent. 
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7.5. A potential  flow model to.rekresent  the  rfaxinc4 rszion 

In en attempt to show that the flow in the mixing region postulated in 
previous reactions is consistent with the oxperimntal results a simple 
potential flow model has been considered. The model, wLich is described more 
completely in the appendix to this paper, represents only the flow outside 
the jot itself. The recirculnting flow is represented by a vortex ring of 
strength r and raius r d  at a distance xi  downstream of the base. The 
entrainment effect of the jot is represented by a distribution of sinks along 
the jet centre line. By setting up the appropriate 	system the base 
automatically becomes a streamline, and the radial velocity an the base can 
be calculated. 

The pressure distributions calculated from the radial velocity show the 
same general trends as the experimental distributions but tiara arc son 
wide differences in the magntiudes of the pressure coefficients involved. 
The major source of error lies in the use cf free stream static pressure and 
speed as reference conditions. Since the recirculating and entrained flows 
near the base come mainly from the boundary layer of the body it is necessary 
to use as reference conditions some lower value of speed as a reference. In 
the appendix a speed equal to the average speed in the boundary layer was 
used with some improvement to the correlation between ex_-)erimental and 
the 	values (Figs. 9 and 10). 

The model fails in that it is necessary to use experimentally determined 
boundary conditions to determine the values of the vortex strength and position. 
A much more sophisticated model is necessary if one wishes to predict base 
pressures by purely theoretical means. The model postulated here does not 
make the radial velocity zero at the outer edge of the baso. Even so the 
pressure predicted there is not seriously in error and the movement of the 
centre of the recirculating flow and its increase in velocity is also predicted 
to a certain extent. The results obtained from this model are sufficient to 
show that the actual flow in the base regiOn is as described in previous 
sections of this paper. 

8. Conclusions 

1. When the supersonic nozzle is not choked, the base pressure falls (and 
base drag increases) with increase of jet stagnation .pressure. 

2. For choked nozzles (designed for Mach nurbers in the ran 'e from 1 to 2) 
an increase of jet stagnation pressure beyond the design pressure 
(JD < J < 3.0) causes an increase in base pressure. Further increase 

of jet stagnation pressure (J 	3,0) again causes a reduction in base 
pressure. 

3. The flow downstream of a Thrgo base consists of a toroidal bubble covering 
most of the base area. The flow entrained into the jot near the nozzle 
exit comes from the eclwe of this recirclOnting region. The normal 
flow associated with jet mixing is established only soKo three to four 
body diameter downstream of the base. The size of the bubble is reduced 
with increase of jet stagnation pressure. 
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Z. A simple momentum analysis and an elementary potential flow model give 
results consistent with the postulated flaw in the nixing region. 
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A_Totential flaw model for the flow in the vicinitx of a bluff base 

In order to establish the effect, on the base pressure distribution, 
of the viscous and turbulent mixing processes in the separated flow region 
downstream of the base it is instructive to consider the corres,?onding 
potential flow model. Only the region outside the jot r, ll be considered. 
The inflow into the jot is represented by a continuous distribution of sinks 
of strength q per unit length on the axis of the jet. The circulnting 
flow in the base region is represented by a vortex ring of strength r and 
mains r' placed at x! downstream of the base (Fig. 8). To satisfy the 
condition of no flow normal to the base an image vortex ring of strength —r 
is taken at -2 and a continuous distribution of sinks is placed on the 
reflection of the jet centre Line. The external flow is represented by a 
surface distribution of sources of strength 	r dO per unit length in 

the plane x = 0 and in the region RB  r < co. This source distribution is 
assumed to give no flow radially in the plane x = O. It should be noted 
that this model only attempts to represent the flow on and downstaeam of 
-the  base. 

By virtue of the moial symmtry, the radial flaw along the base x = 0 
is given by 

v(r) = 
2 71- 

f 2 Tr 

_oos 0 ae _, -..--.----7,3 
[0 	x' 2  + r2 

+ ria • 2 	c os 0_1 r r/ 

 

rp 

  

  

(ir+(r► - 1)i 1  irr',1(-,x)2  + ( + 
(A.1) 

where K(k);  E(k) are respectively complete elliptic integrals of the first 
and second kind 

4-4- 
k 

(x/r1)2+ (1 + xi )2  

and q has been taken constant 

or -writing x1/2'1  = 2 and r/r1  = r 



2. 
2 71" r 

K(k) v(r) = E(k) 
p+CE, .... 1)2 

(A.3) 

with k = 1.668 
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wIlere Calellialucals 	 .a.d. 

 

(A.2) 

It is now necessary to determine values for the vortex stronLth r and its 

position (x2  r') from boundary conditions. Ub note that the base pressure 
is a minimum at 	= 0.7 approximately from which we deduce that the 

radius r' of the vortex ring is given by r/  /R, 0.7. 

Case 1. yhtl_stibsonip_jet  

From the experiyental results it can be seen that v = 0 'alien r 	= 0.3 ; 

i.e. r = 0.417 R.B. Thus (A.2) becomes 

r 	_ 	[K(k) 	[ 1 + 
1.558 L 3E2+ 2.00812-  

E(k) 	 0 
x + 0.340 J 	1.882 

X + 2.008 

The pressure coefficient based on free stream conditions and measured at 

r = r shows that 

u„ 	= 1 .25 

for umu.  = 6 

and (A.2) becomes 

r 
r K(k) 

FR + 11. 2  

with k 

[1 
2

... E(k) 	2 = 2.744 uc,oRB 	(A.4) 
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We'may approximate to the strength of the sink distribution representing the 
jet by applying the results of Ref. 6. For UJ/ 

 y = 6 we find 
u„, 

q 	20 pfteo  

where nib. (.77-pa 	Ep is the mass flan in the jet 

i.e. - 71-  
" 20 u R J J (41.5) 

Substituting from (A.5) into (A.4)  and (A.3) and solvirr v c find 

5c.  = 3.10 
(A.6) 

r 	Li4.4 

and thus, for a subsonic jet (u_ri_ = 6), the radial velocity distribution 

(A.2) may be written 

 

62.6 

 

2 r --------- 
9.60 	-4)2  

0.025 RB  
ed. 	 Iran,  

r uq  AI" 1,7amowa-a....-N. 1 	1 

+(1 + 17)T I 

 

      

(A.7) 

= 	4  /7—.- 
9.60 + (1 + 

On the assumption that the pressure at the point r/RB  = 0.3 where v = 0 

is the stagnation pressure of the free stream, the radial -, ressure 
distribution has been calculated for the case uJ/uw = 6 and is shown as 

curve A-A in Fig. 9 and compared with an experimentally determined pressure 
distribution. 0-C. The main discrepancy lies near the attachment point 
where we have assumed that full free stream stag atien -oressure is reached. 
However the flow attaching at x./. 3  = 0.3 comes. from the boundary layer on 
the body and is thus at a much lower total pressure tl'an free stream. If 
now we take the average sped in the boundary layer at the end of the body 
as the reference speed and the static pressure as measured at the end of the 
body as a reference pressure and calculate the radial pressure distribution 
we obtain the curve shown as B-B in Fig. 9. 

and. 
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Case 2. The Sonic Jet 

In this case tho attachment point has moved to the edge of the jet and 
we may take umu  = 10. Prom Ref. 6 it is seen that the appropriate 
sink strength is given by 

Imo. no. 
q  

10 

With the boundary conditions 

(i) v = 0 when r/RB  = 0.1875 

(ii) C 	= 1.0 (i.e. 	= 1.4.) when r 	= 0.70 

we find that (A.2) yields 

X = 2.86 

r =48.6 

Substitution of these values in (A.2) allows the radial pressure distribution 
to be calculated as before. Comparison of the theoretical and experimentally 
determined pressure distributions. are given in Fig. 10 

Case 3. The su2ersonic_dat.  

The experimental results suggest that the attachment point does not 
move once the jet has become supersonic. Thus the only variations in r 
acid x come from variations in the sink strength q which is dependent upon 
the speed ratio uJ/u  . However wo may infer from Ref. 6 that 	increase ,„ 
in u /,/ above 10 has little effect on q and hence we may deduce that the 

01.1 
radial pressure distribution which the potential flou motel predicts for 
the supersonic jet will vary little from that found for the sonic jet. 
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FIG. I. THE REGION CONSIDERED IN THE MOMENTUM INTEGRAL. 
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