AD=A082 241

DAVID W TAYLOR NAVAL SHIP RESEARCH AND DEVELOPMENT CE-~~-ETC F/¢ 20/%

CAPTURE OF AN AXISYMMETRIC FREE JET IN A PIPE WITH APPLICATION ==ETCI(U)
DEC 79 H R CHAPLINs E F MCCABEs H A BERMAN
UNCLASSIFIED DTNSRDC/ASED=79/12

NL
| IPF |||||||||I|III|||||||||||||||||||II|II||II||||||IIIIIIIII||||||II|II|||IIIII||||||||||||||II




CAPTURE OF AN AXISYMMETRIC FREE JET IN A PIPE WITH
APPLICATION TO POWER-AUGMENTED-RAM WING THEORY

AD A 083 Ay |

by

Harvey R. Chaplin
Earl F. McCabe, Jr.
Harry A. Berman
William J.H. Smithey

DAVID

APPROVED FOR PUBLIC RELEASE: W

TAYLOR

AVIATION AND SURFACE EFFECTS DEPARTMENT NAVA L

DTNSRDC/ASED-79/12 S H | P

RESEARCH

December 1979 AN D
DEVELOPMENT
GENTER

BETHESDA
MARYLAND
20084

.- o — " ;
. P . 1] . .
prony et aniinde. e sl e —— oy A 5 -m._.'\ . ki e i

25 e YN VP




UNCLASSIFIED

SECUXTY CLASSIFICATION OF THiS PAGE (When Deta Enfered)

READ INSTRUCTIONS
N REPORT DOCUMENTATION PAGE pEF EAD INSTRUCTIONS
L L AERORT-NUMBEN 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
/~ /1 DTNSRDC/ASED-79/12
S— Lw‘:ﬂ'ﬁmd Subtitle) e e S TYPE OF REPORT & PERIOD COVERED

6 . | CAPTURE OF AN AXISYMMETRIC jRL[ ;m I A)IPF/

g * WITH APPLIGKFION TOf}OWFR-AUCHFVTFD RAM
s WING THEORY _ { € PERFORMING ORG. REPORT NUMBER

% k& AuTwmuuuu-dw--J y 8. CONTRACY OR GRANT NUMBER(as,

i
/{ Harvey R. /6hanlln( Earl F /kMC be, Ir.
‘";;‘ Harry A//Bermandﬂdllllam J.Hy/?mlthey

9 PERFORMING ORGANIZATION WAME AND ADORESS 19 ::gi"aA:cEanESENTT' “oaJEEEsT‘ TASK
David W. Ta Naval Ship RiLD C T UNT Num
Aviati Zlgr ?av#lFf; p RaD Canei Program Element 62543N
viation and Surfacc Effects Department Task Area 2ZF 43-411-210
Bethesda, Maryland 20084 Work Unit 1-1120-021
11, CONTROLLING OFFICE NAME AND ADDRESS /"\,'WWW
Naval Material Command ( /47 Decomborw BB79
. Code 08T23 T NONE TR oS-SRt TS
P Washington, D.C. 20360 18
[} MON(TORING AGENCY NAME & ADDRESS/if ditferent from Controlling Office) 15 SECURITY CLASS. (of thie report)

/ /; 7/ UNCLASSLFIED
‘\_/

15a. DECL ASSIFICATION DOWNGRADING
SCHEDULE

APPROVED FOR FUBLIC RELEASE: DISTRIBUTION UNLIMITED

V¢ Fya 42t

17. DISTRIBUTION ST ATEMENT (erQ;( egtered in Block 20, ! i{ di{ferent trom Report)

’/ /'ww/z "/;5

e e

8. SUPPLEMENTARY NOTES

19 KEY WORDS (Continue on reverse side if necessary and identify by block number)

Aerodvnamics

Alrcraft

Seaplanes
Power-Augnented-Ram Wing

' 16. OISTRIBUTION STATEMENT (af this Report)

20 BSTRACT rContinue on reverse side if necessary and identity by block number)
S theory of the two-dimensional power-augmented-ram wing with turbulent
jets was previously validated over a range of ecxperimental conditions which
did not include very small ratios of jet nozzle area to capture area. In
the present investigation a simple axisvmmetric experiment was conducted te
evaluate this condition. Results indicate that the original theory Jhoald
provide useful predictions regardless of nozzle arcea ratio.

S/N B102-LF.oid-660 _ g
SECURITY CLASSIFICATION OF THIS PAGE (When Date Bntersé)

FORM
EDITION OF 1 NOV 65 IS OBSOLETE
DD, 2\" 1473 UNCLASS TTTED //

v v /‘ : ‘-w [ 4




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Daia Entered)

a2

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Deate Entered)




TABLE OF CONTENTS

LIST OF FIGURES . & & & ¢ ¢ o v 4 o o o s o o o o s o o o o iii
ABSTRACT . & . 4 v v 4 v 4 v o e o v o o o o o o o o o o s @ 1
ADMINISTRATIVE INFORMATION . . . . ¢ & ¢ ¢ ¢ o ¢ o o o o o 1
INTRODUCTION e v e e e e e e e e e e e e e e e e e e e e 1
EXPERIMENT . . . ¢ ¢ v ¢« ¢ v v v o o o o o o o o o o o o o 2
THEORY . . . & v f v v e e vt e v e e o o s s s s o s o« o 2
RESULTS e e e e e e e e e e e e e e e e e e e e e e e 6
CONCLUSION . & v v v v v 6 o e o o o o o o o o s s o s o o o 7

REFERENCES . . . . ¢ & ¢ v v v v v v v v e e o o o o o o o s 9

LIST OF FIGURES

1 - Nomenclature . . . ¢« ¢ ¢ v 4 ¢ s o o o o o o o o o s o 11

2 - Theoretical and Experimental Values of Pressure Recovery
versus Orifice Area Ratio . . . . . ¢« ¢« ¢« ¢ ¢ v + « .+ . 12

3 - Theoretical and Experimental Values of Maximum Pressure
RECOVEIY . . & ¢ ¢ ¢ & 4 v s v e o o e e 4 e e e e e 13

14

4 - Pressure Distribution along the Pipe . . . . . . .

T Gien vor -
, ToarBIoll i

Lo GRaal ~
vAR F |
P i
. roane
B y

<o A an .
[ —
et etien {

ii1




ABSTRACT

A theory of the two-dimensional power-augmented-
ram wing with turbulent jets was previously validated
over a range of experimental conditions which did not
include very small ratios of jet nozzle area to cap-
ture area. In the present investigation a simple
axisymmetric experiment was conducted to evaluate this
condition. Results indicate that the original theory
should provide useful predictions regardless of nozzle
area ratio.

ADMINISTRATIVE INFORMATION

This work was performed as part of the USMC Surface Mobility

Program, Program Element 62543N, Task Area ZF 43-411-210, DTNSRDC Work
Unit 1-1120-021.

INTRODUCTION

A potential-flow theoryl* of the power-augmented-ram wing (PAR-Wing)
indicates that best performance is obtained with jet nozzle area about
half the capture area (product of wing span times wing height above the
surface). However, experimental data indicate that performance does not
deteriorate as rapidly with reduction of nozzle area ratio as potential
theory would suggest, provided the jet nozzles are located sufficiently
far forward of the wing to allow substantial turbulent mixing to take
place. A theory2 of the PAR-Wing with turbulent jets was developed which
satisfactorily explained the existing data, including nozzle area ratios
as low as about 0.2. Though less efficient from a fuel consumption view-
point, PAR-Wing designs with small nozzle area ratios are of interest for
short-endurance applications such as ship-to-shore craft, takeoff-and-

landing systems and research craft (where considerable economies could be

effected by using off-the-shelf engines rather than developing specially

*A complete listing of references is given on page 9.
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tailored propulsors). Consequently, a simple experiment was devised
with a ratio of jet nozzle area to capture area of about 0.046 as a
check against any possible unexpected phenomena which might appear

with very small nozzle area ratios.

EXPERIMENT

A 36-in. long pipe of 2.88-in. inside diameter and 3-in. outside
diameter was instrumented with static pressure taps distributed along
its length and equipped with interchangeable sharp-edged orifices at
its downstream end. A nozzle of 0.62-in. inside diameter, zero con-
vergence angle was directed coaxially into the upstream end of the
pipe from various distances upstream. Nozzle thrust was estimated by
measuring the mass flow and total temperature at a calibrated flowmeter
in the supply line, assuming a standard turbuler’ -pipe-flow velocity
distribution at the exit, and solving iteratively for an average exit
velocity and corresponding exit density which agreed with the measured
mass flow. Nozzle dynamic pressure was varied between 0.23 psi and
0.74 psi, and the distance of the nozzle upstream of the pipe inlet was
varied between 3.75 in. and 15 in.

THEORY

Theoretical pressure recovery in the pipe was calculated from the
theory of Reference 2 (modified to account for the fact that the jet
now has a classical axisymmetric velocity distribution3 rather than the
two~dimensional distribution assumed in Reference 2). The assumed

axial velocity distribution in the free jet is

U 1
= 1)
Umax (1+n2/4)2




where n = 15.174 r/x is the nondimensional distance from the jet axis,
r is the distance in feet from the jet axis, and x is the distance
downstream of the nozzle as indicated in Figure 1.

Using conservation of momentum, M, along the free jet

o

2
= 2 U
M pUmax/ <U ) 2nrdr =M°
max

(o]

and

2
oQo
M = ——

o 2
ﬂDo /4

where Qo is the volume flow at the nozzle exit, the relations

Qéﬂl = 0,.4566 %— (1 - ——li——-), x >2.19 D (2)
o o 1+n“/4 °
and
M(n) 1
2] - —— 3)
"o (1+n2/4)3

can be derived. Analogous to Reference 2, we now assume the pressure

recovered in the pipe to be

4
p,%/n, ) (4)
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where Cc is the coefficient of contraction of the orifice flow and

U2 = MZ/(pQZ) is the average velocity of the contracted flow from the
orifice, assumed to be the same as that part of the free jet contained
within r £ % /E:‘DZ at distance x = x downstream of the nozzle. (x is
the effective distance over which the jet continues to mix before being
captured in the pipe; hence, x can be taken approximately equal to X,
the distance from the nozzle to the pipe, or X—D1/3 as a better esti-
mate.) In other words, viscous and turbulent mixing effects which
occur downstream of station x are assumed negligible. Putting Equa-

tion (4) into nondimensional form yields

2 2 2 2 4
P 7D, %/4 1 (M_z &) D, _ c.” D, )
M 2 \M, Q, D 2 .4
o 1

The momentum and volume flow ratios are evaluated from Equations (2)

and (3) using

n=15.174 /Ec' D2/(2>-c)

and making a short-hand substitution

_ 1
¢ = —5—= L (6)
1+n“/4 1+14.39C D,"/x

yields
2 2 2 2. 4
¥ D, “/4 i D, 163 ¢, D,
L - 2.398 — [i=¢ 1 --S 2
M ) 1-¢ 4
b4 D1
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Observing that for a given Dl/§ this function is maximum when

D,>0 and ¢->1.0, the equation can be more conveniently written

2

. 2 2.4
2
P D, /4 _a (1= 3 L c.D, -
M 9 \1-¢ 4
bl D
1
where
2,=-2
a = 21.58 D, /x7, x 2 3.285 D, (8)
is the maximum value of the function.
Introducing the approximation
. 8 (9
C = 0.6+ 0.4 (D,/D)
c 2°71
yields, finally,
2 4 12 20
P D, /4 3\2 D D D
e 1 _afl-e"} 4 _0.36 2 - 0.48 2 - 0.16 2= ) (10)
M 911-¢ D 4 D 12 D 20
° 1 1 1
and substituting Equations (8) and (9) into Equation (6) gives more
conveniently
_ 2, 2 10 10)-1
¢ = (1 + 0.4 aD,”/D, " + 0.267 aD, /D (11)




Equations (8), (10), and (11) now constitute a convenient set for

calculation of the pressure recovery.

RESULTS

Figure 2 presents a graph of theoretical pressure recovery versus
(D2/D1)2 for various values of the parameter "a.”" Also plotted in
Figure 2 are some sample experimental data for comparison. The experi-
mental pressure recovery is taken to be the average of static pressure
measurements taken in the vicinity of the 10-in. station of the 36-in.
long pipe.

Figure 3 is a graph of theoretical maximum pressure recovery

2
P nD."/4
c 1 _ 2,=2
(-—;r—————> = a = 21.58 Dl /x
max

(o]

Experimental data points are plotted at a value of "a" obtained by

interpolation in Figure 2, and a value of 21.58 Dlz/)—c2 corresponding

to x = X - Dl/3’ a somewhat arbitrarily chosen, but plausible, empirical
relationship. The maximum achievable value of "a" appears to be about
1.4 as compared to about 1.1 achieved in earlier two-dimensional tests,
and a maximum physically possible value of 2.0 (corresponding to the

pipe acting as a perfect thrust reverser).

The value a = 1.4 is first achieved when Dl/§ = 0.254, i.e.,
when the nozzle is located about 4.2-pipe diameters ahead of the pipe,
allowing about 3.9 diameters of free mixing length.

Figure 4 shows that, as the nozzle is moved closer to the pipe,
the pipe does not fill immediately, and pressure recovery occurs pro-
gressively further and further downstream from the entrance. (Data
presented are for a nozzle dynamic pressure of about 0.74 psi, the
highest pressure tested. Data obtained at several lower nozzle

pressures did not differ significantly from those presented.




There was a very slight trend toward lower nondimensional pressure

recovery at lower nozzle pressures.)

CONCLUSION .;

3 The experimental data are in satisfactory agreement with the

theory of Reference 2 (modified to account for a classical axisymmetric
7 velocity distributiou rather than a two-dimensional one). The maximum
achieveable value of nondimensional pressure recovery appears to be
about 1.4, as compared to about 1.1 achieved in previous two-dimensional
experiments, and 2.0 which would be achieved if the pipe were a perfect

thrust reverser.

PR .
i b,

These results give every reason to believe that the theory of
Reference 2 will be satisfactorily applicable to PAR-Wing performance

3 estimates with no limit on the ratio of jet nozzle area to capture area.
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Figure la - Classical Velocity Distribution of an Axisymmetric

Free Turbulent Jet

(Reference 2)
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Figure 4 - Pressure Distribution along the Pipe
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Figure 4 (Continued)
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