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ABSTRACT

This handbook provides basic design guidance on aircraft engine runup
sound suppressors., It is intended for use by experienced architects and
engineers and contains a review of model-scale and full-scale sound suppressed
aircraft runup encleosure tests. The review provided the present checkout test

data handbook.

Although it covers both model-scale and full-scale test data, it focuses
on full-scale data with model-scale results included for comparison. The test
data are presented in such a way as to make them readily applicable in a
design situation.
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FOREWORD

This military handbook has been developed from an evaluation of facilities in
the shore establishment, from surveys of the availability of new materials and
construction methods, and from selection of the best design practices of the
Naval Facilities Engineering Command (NAVFACENGCOM), other Government
agencies, and the private sector. It uses to the maximum extent feasible,
national professional society, association, and institute standards.
Deviations from this criteria, in the planning, engineering, design, and

construction of Naval shore facilities cannot be made without prior approval
of NAVFACERGCOMHQ Code 04.

Design cannot remain static any more than can the functions it serves or the
technologies it uses. Accordingly, recommendations for improvement are
encouraged and should be furnished to Naval Facilities Engineering Command,
Southern Division, Code 406, P. O, Box 10068, Charleston, S.C. 29411-0063,
telephone (803) 743-0458,

THIS HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR PROCUREMENT OF
FACILITIES CONSTRUCTION. IT IS TO BE USED IN THE PURCHASE OF FACILITIES
ENGINEERING STUDIES AND DESIGN (FINAL PLANS, SPECIFICATIONS, AND COST
ESTIMATES). DO NOT REFERENCE IT IN MILITARY OR FEDERAL SPECIFICATIONS OR
OTHER PROCUREMENT DOCUMENTS.
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Section 1: INTRODUCTION

1.1 Background. Since 1973, the U. S. Navy has been involved in the
aero-thermo and acoustic design of dry-cooled jet runup facilities.

Initially, this involved only complete aircraft runup facilities {hush-house);
but more recently engine test cells have been included. After construction,
troubleshooting tests will be performed on a number of runup facilitles as
well as model-scale tests. The data from the model- and full-scale checkout
tests constitute a significant source of design information. Consequently,
this handbook was developed to summarize the results of all Navy runup
facility tests. The tests can be subdivided as follows:

a) TFull-scale tests:
(1) post-construction facility checkout
(2) diagnostic tests (troubleshooting)

b) Model-scale tests:
(1) general (design) data
(2) configuration verification

1.2 Full-Scale Test Emphasis. In this handbook the main emphasis is on
full-scale test results with model-scale results presented for comparison.
Table 1 contains a comprehensive definition of symbols pertinent to hush-house
work. ’
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Table 1
List of Symbols

Area - ft2

Augmenter cross—sectional area

Hush-House door outlet flow area

Enclosure effective flow area (Agyer 1in hush-
house case)

House-House door inlet minimum flow area
Hush-House secondary inlet minimum flow area
Engine nozzle throat area (total area at

mard maa P ¥

mMaxX1mum power, -

Alrcraft

Augmenter

Barometric pressure - inches of mercury absolute
Constant pressure specific heat of air - Btu/lb° F
Constant pressure specific heat of engine

exhaust - Btu/lb® F

Constant gressure specific heat of mixed flow
leaving the augmenter - Btu/lb° F

Engine nozzle throat diamater

Exhaust nozzle pressure ratio(PTN 8 /Bar)
Acceleration of gravity at sea levei - 32.2 ft/sec?
Static pressure - psi, inches of water, etc.
Hush-House enclosure internal pressure

Static pressure at door inlet minimum area

Static pressure at secondary inlet minimum area
Exhaust nozzle total pressure

Stagnation pressure or total pressure

Dynamic pressure (1/2 pvz)

Temperature — ® F or ° R

Ambient air temperature

Augmenter wall temperature parameter,

Tp = (Twall—Tamb)/(TTN‘Tamb) (dimensionless)
uuguu:u.l..cr WH.J..L cemperat‘ure

Stagnation temperature or total temperature
Englne nozzle exit total temperature

Velocity - ft/sec

Augmenter exit velocity - ft/sec

Velocity at door inlet minimum area - ft/sec
Velocity approaching aircraft inside of hush-house

Mass flow rate - lbm/sec
Total engine mass flow rate ~ lbm/szec

Door inlet mass flow rate - lbm/sec
Secondary inlet mass flow rate - lbm/sec
Total inlet mass flow rate — lbm/sec

Air density - slugs/ft3

Lateral distance from augmenter centerline to
augmenter wall - ft

Lateral offset parameter, Yo=(Yorr~Y)}/Yetr
{dimensionless)
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Section 2: DESCRIPTION OF TEST PROCRAMS

2.1 MIRAMAR #1 Hush-House. In 1973, a joint Navy-industry team was
formed to determine the feasibility of developing a complete aircraft
enclosure (hush-house) for the F-14A with a dry-cooled, sound suppressing
exhaust system. The team reviewed available literature (refer to Aero-Thermal
and Acoustical Data from the Postconstruction Checkout of the Miramar #2 El
Toro Hush-House, J.L. Grunnet and I.L. Ver [1]) pertinent to dry-cooled
exhaust systems and visited existing European dry-coocled hush-houses.
Diagnoatic tests on an F-4 semi-enclosure type of exhaust sound suppressor

(refer to Observation of Fluidynamic Performance of Miramar NAS F-4,

A
Accustical Enclosure and Recommendations for Improvement, J.L, Grunnet [2])

and recommendations were a part of the team's initial responsibility.
Modifications to the augmenter entrance, the waterspray pipes, the augmenter
tube, and the perforated diffuser were recommended to improve pumping and
reduce the recirculaticn of hot exhaust gases within the semi-enclosure. The
design of the initial F-14A hush-house at NAS Miramar, California was then
undertaken, Typical of most of the aircraft and engine runup enclosures that
the team designed, the design was to meet the following criteria:

a) The facility must accept a variety of aircraft/engines.
b) The facllity exhaust system is to be dry—cooled.

¢) The engine inlet apprecach velocity shall be no greater than 50

f/s (15.24 m/s).

d) The maximum noise level around the aircraft/engine shall be no
greater than 2 dBA above the corresponding noise during open
field runup over a concrete pad or apron.

e) The exterior noise level shall be no greater than 85 dBA at 250
ft (76.2 m) from the engine nozzle exit, with one engine at
maximum afterburner or two engines at military power.

£f) The maximuﬁ exhaust system material temperature shall not exceed
800° F (427° C).

After the design of the first F-14A hush-house (Miramar No. 1) was complete, a

- P e | Amike mwmAacwao
1715 scale model test program was initiated to both verify the Miramar

hush-house exhaust system design and provide general design information (refer
to Aerodynamic and Acoustic Tests of a 1/15-Scale Model Dry-Cooled Jet
Aircraft Quasar Noise Suppressions System, J.L. Grunnet and I.L. Ver [3]).

The model included a properly scaled acoustical treatment. Tests were run at
a model exhaust total temperature of 3000° F (1649° C) giving meaningful
aero-thermo and acoustic data. The results indicated that the outdoor noise
limit of 85 dBA at 250 ft from the nozzle exits would be met with one F-14
engine in maximum afterburner; however, even with an aligned aircraft, the
augmenter wall temperature will reach 1000° F (538° C). These predictions
were subsequently verified in the 1975 full-scale checkout of the Miramar No.
1 hush-house, according to this research. The higher than specified augmenter
wall temperature necessitated a structural review of the augmenter design to
verify that 1t can withstand local wall temperatures of 1000° F.
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2.2 Miramar No, 2 and El Toro Hush-Houses. Next, designs for the second
N.A.S. Miramar F-14 hush-house (Miramar No. 2) and an F-4, A-6 hush-house for
MCAS El1 Toro, California were completed. The important changes between
Miramar No. 1 and No. 2 included better faring of the door air inlet, a door
outlet screen to reduce flow separation on the turning vanes, sound absorptive
panels surrounding the augmenter inlet and nonperforated inconel panels in

the hottest locations on the augmenter duct sidewalls. These facilities were
checked out in 1978 and 1979, respectively, and the results were presented in
Reference [1]. Prior to full-scale facility checkout, 1/11.4 scale model
tests were run to verify that the A-6 exhaust can be captured by a 19 ft wide
x 11 ft high augmenter entrance (refer to Aero and Thermodynamic Test of a

1/1).4-Scale Hush-House Augmenter Inlet, J.L. Grunner and J.H. Berger [10]).

2.3 NARF Norfolk Depot Test Cell Diagnostic Tests. TF-20P412/414
engines run up to maximum afterburning in the NARF Norfolk, Virginia depot
cells 13 and 14 (refer to NARF-NORVA Test Cells 13 and 14 Diagnostic Tests and
Recommendations, J.L. Grunnet [4]) gave an indication of excessive turbine
station vibration while they would meet vibration limits in the older cells
next door. Noise buildup in the reverberant cell enclosure was responsible
for the high measured vibration level. Some improvement was obtained by
moving the engine as far AFT as the mounting would allow, thus minimizing the
axial distance between the engine nozzle exlt and the augmenter throat and

thereby reducing the cell interior noise level.

2.4 NATC Patuxent River Hush-House. Design of a hush-house type test
and evaluation facility for NATC Patuxent, Maryland began in 1977. This
facility had to accommodate the S5-3A as well as the F-14A. In addition it had
to provide a mist free environment with the aircraft enclosure and a maximum
engine inlet approach velocity within the enclosure of only 30 f/s (9.1 m/s).
These things necessitated the incorporation of a secondary air inlet located
ahove the augmenter entrance. Model tests were run to verify acceptable flow
capture with the 5-3A (refer to 1/15-Scale Cold-Flow Model Tests of the
Patuxent River Hush-House Configuration, J.L. Grunnet [11]) and to check
augmentation and "cell" depression. Adequate performance was indicated. In
1983, after completion of the facility a complete full-scale checkout was run
(Refer to Aero-Thermo and Acoustical Data from the Postconstruction Checkout
of a Hush-House Located at NATC Patuxent River, MD, J.L. Grunnett [9]).

2.5 Test Cell Emissions Study. For a number of years the Navy has been
striving to meet local district restrictions on test cell and hush-house
exhaust plume opacity. In 1980, this culminated in a study of factors
effecting exhaust plume opacity. The study included both full-scale observa-
tions and model-scale tests. A number of guidelines for exhaust system design
were derived for minimizing plume opacity (refer to Phase I Report — The
Effect of Test Cell Exhaust System Design on Exhaust Plume Opaclty— Analysis
and Observations and Phase IT and III Report — The Effect of Test Cell Exhaust
System Design on Exhaust Plume Opacity--Model-Scale Plume Opacity Tests and
Design Procedures to Minimize Opacity, J.L. Grunnet and W.H. Phillips [5,12].

2.6 Miramar Hush-House Augmenter Failure Study. Long term operation of
the Miramar Numbers 1 and 2 hush-houses began to produce structural failures
in the augmenter sidewalls near the upstream end. This was believed to be due
to high wall temperatures during operation of misaligned F-14A aircraft in

maximum afterburner, Full-scale F-14A tests were run with various

1
P9 L) (-4 L9 1=

reca nf
reeg or
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lateral misalignment (refer to A Study of Structural Failures_in the
Hush-Houses at NAS Miramar, J.L. Grunnet and G. Getter [6]). The maximum
augmenter wall temperatures were indeed sensitive to misalignment. Suggested
ways of reducing the structural damage inciuded:

a) Dbetter F-14A alignment

b) fiberglass pillows more tightly packed

c) Dbetter placement of the unperforated Inconel augmenter face
sheets '

d) application of stress relief slots in certain augmenter section
aft bulkheads. -

Methods of reducing the maximum augmenter wall temperature through
application of an augmenter inlet forcing cone or flare were checked at

model-scale during 1983 (refer to 1/15 Scale Model Tests of a Forcing Cone
Augmenter Pickup for Hush-Houses and Test Cells and Holt Flow Model Tests of a
1/15 Scale Hush-House with Augmenter Flare and Forcing Cone Flow Pickups, both
by T.F. Buckley and T.J. McDonald [14, 15]). An augmenter flare, such as
incorporated in the Patuxent River augmenter, resulted in significantly lower
wall temperatures. During the Patuxent River hush-house checkout, both
engines of the F-14 were run up to maximum afterburning thrust without damage
to the exhaust system.

2.7 MCAS Cherrvy Point Pegasus Demountable Cell Tests. In 1982,
diagnostic tests of the F402 Pegasus engine in the A/E 32T-15 engine test

enclosure (demountable test cell) were performed at MCAS Cherry Point, North
f'nrn1 ina (raFnr to Aerodvnamic Measurementa Mode in the Marine A/E ‘-!9'1'—'1'3

(0SS §

ngine Test Enclosure_at GCher Point (F-402-2 Relative to Pegasus
Acceleration Lay and Subsequent Conclusions and Recommendationsg, J.L. Grunnet
[7]1). An apparent engine acceleration lag was being encountered such that
acceleration time spees could not always be met. Checks were made of the fuel
system, cell enclosure flow field etec, and it was concluded that the fan inlet
distortion was larger than desirable. It was finally discovered that a
tachometer circuitry problem was responsible for the indicated lag, but
changes to improve the cell flow were recommended anyway.

2.8 AV-8 Harrier Hush-House Model Tests. In 1982, a 1/15 scale model of
a Harrier hush-house was tested to verify adequate flow pickup and to
determine augmenter pumping (refer to 1/15-Scale Cold-Flow Model Tests of a
Hush-House with Simulated AV-8 Aircraft Exhaust, J.H. Berger and J.L. Leuck

[13]). Reasonably good flow pickup was demonstrated over the whole range of
nozzle vector angles from 0° F to 98° F (-18° C to 37° C). Augmentation ratio
remained relatively constant at 3.5 over the entire range of nozzle vector
angles. Since the date of the model tests a full-scale Barrier hush-house

design has been completed.

2.9 NAS Dallas Test Cell. In 1979, a jet engine test cell was designed
for N.A.S., Dallas incorporating the dry-cooled scund absorptive augmenter
exhaust system concept. This was checked out in 1983 (refer to Aero-Thermo
Checkout _of NAS Dallas Dry—-Cooled Jet Engine Test Cell, J.L. Grunnet and N.C.
Helm [8)). External noise limits were exceeded and this has resulted in
consideration of alternative augmenter inlet designs which avoid nolse
generation.



Downloaded from http://www.everyspec.com

MIL-HDBK-1197

Results of most checkout and model tests run to date were summarized
in Model Test and Full-Scale Checkout of Dry-Cooled Jet Runup Sound
Suppressers, J.L. Grunnet and E. Ference [16]. This reference contains

additional historical background and more detail regarding hush-house sound
supression,
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Section 37 AIRCRAFT AND ENGINE DATA

3.1 Aircraft Propulsion Svystems and Geometrical Data. The hush-houses
built to date accommodate a wide range of alrcraft types. Information
regarding each aircraft to be accommodated is essential in the design of the
enclosure and its exhaust system., Table 2 relates each aircraft type to its
propulsion system characteristics. This information is essential in
establishing total enclosure and inlet flow rates as well as maximum exhaust
temperatures. Table 3 presents important aircraft geometrical information
related to hush-house and augmenter pickup sizing. In every case the engine
exhaust plane must be at least 4 ft (1.22 m) forward of the augmenter inlet.
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. Table No.
Alrcraft Engine Data

Flow ~ Throat
Rate Temp. Area :
No. of WE Power . TN ANT Thrust
Alreraft Engines Engine Type ppSs EPR Setting OR sq ft 1b
A-4 1 J-52P408 140° 3.3 Mil 1880 1.89 11,000
A-6 2 J-52P8 140 2.7 } Mil 1640 1.91 9,000
A-7 1 TF-41A ’
260 2.5 Mil 1540 3.38 15,000
AV-8B 1 F-402RR406
460 2.2 Mil 1300 Total 24,000
Avg. 6.59
F-4 2 J-79GE8 or 10 170 2.5 Mil 1600 2,52 11,000
A/B 3500 4.20 17,000
F-5 2 J-85GE21 53 2.5 Mili 1600 0.76 3,500
. A/B * 3600 1.25 5,000
F-8 1 J-57P420 180 2.6 Mil 1684 2.77 11,000
A/B 3500 4.62 19,000
F-14A <2 <. TF-30P412/414 245 2.1 Mil 1400 3.56 12,000
- Y A/B 3600 7.50 20,000
F-18 2. _ F-404GE 140 3+ M1l 1600 1.76 10,000
: . o A/B 3600 2.88 16,000
3-3 2 TF-34GE 343 1.6 Mil 1000 Total 10,000
- . : Avg. 6.02
T-24 1 - J-34(Westinghouse) 62 2.2 Mil 2100 1.29 3,400
T-2C 2 J-85GE4 44 2.5 Mil 2000 0.69 3,500

LOETT-JEAH-TIN
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Table 3
Alrcraft and Enclosure Geometry Data

Aircraft  bg lee XNgy Yee Zer ag ay
A-4 27.5 40 14 - 7.0 -— - 5.5
A-6 53 55 27 3.5 5.0 6.0 -=-12.0
A-7 39 46 8 ——— 6.0 -— - 4,0
AV-3B 30 46 30 2.6 5.0 5.0 - 9.0
F-4 38.5 58 15 2.3 6.5 0 - 4.5
F-5 26.5 48 5 0.9 5.2 -1.5 0
F-8 35 54 4 _— 5.3 — - 4.0
F-14A 64 62 5 4.5 6.3 1.0 1.3
F-18 37.5 56 3.5 1.4 4.5 0 0
5-3 68.5 53. 33(fan) 7.8 5.0 0 1.5
T-2A k}:] 38. 22 — 3.6 -— = 4.0
T-2C 38 38 22 1.0 3.5 0 - 4.0
b = Wing span (extended).

1 = Alrcraft length

Xx = Distance from engine nozzle exit to enclosure aft wall.

Y = Lateral distance from aircraft centerline to engine nozzle
exit centerline.

Z = Vertical distance from floor to engine nozzle centerline
with centerline leveled. N

ag = Lateral jet centerline deflection - positive outward.

ay = Vertical jet centerline deflection (unleveled) -

positive upward.
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Section 4: HUSH-HOUSE AND TEST CELL GEOMETRICAL DATA
AND INSTRUMENTATION DEFIRITION

4.1 Hush-House Geometrical Data. Table 4 contains tabular geometrical
information for all of the existing Navy hush-houses. Fligures 1 (Miramar), 2
{E1l Toro), 3 and 4 (Patuxent River) and 5 (Dallas) include dimensioned plan

amAd AdAda alawvardam vdawa AL +tha avidacd;ms Nave Awwer_ansalad wmieemdin ‘an‘14h3nﬂ

The geometrical information on Table 4 includes inlet net areas, augmenter
duct area, etc., as well as linear dimensions. Figures 1, 2, 4 and 5 also
show the location of permanent pressure and temperature 1nstrumentation
provided with each facility. Pgpe3 data are taken during engine trim runms.
The augmenter wall temperatures indicate overtemperature during normal runs.

All of this instrumentation was used during the facility checkouts, reported
herein,

A 2 DPraganra/Toamnaaratiira Tnatrims +4An Par nnat
e Pregsure/lTemperature Instrumentation, +CT fe 1= 0

neanai anrnd it
iAW L kb W F
checkout, additional instrumentation was provided to measure air inlet static
pressures (reduced to inlet mass flow rate), enclosure interior dynamic
pressure (reduced to enclosure velocity), and augmenter exit total pressures
and temperatures (reduced to augmenter exit velocity). Figure 3 shows the
location of augmenter exit rakes used during the Miramar No, 2 and El1l Toro

checkouts,

4.3 Postconstruction Noise Data Collection. Extensive noise data were
also taken during postconstruction facilities checkouts. Microphones were

located externally at 30° intervals on a 250 ft (76.2 m) radius circle
centered on the engine exhaust plane location. In addition, there was usually
one microphone located at 1000 ft (304.8 m) from the engine exhaust plane.
Microphones were also placed inside the alrcraft or engine enclosure alongside
the aircraft or engine and data taken that could be compared with the free
field measurements. WNoise data are discussed in Sections 11 and 12.

10
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Table 4
Hush-House and Test Cell Geometrical Information

_ Secondary
Primary Inlet Inlet Enclosure Augmenter
Facility Net Effec. Outlet . Net  Effec. ' Pickup Basic
Length Area Area Area Area Area Width Length Width width Ay Lax
ft ft2 fr2 ft2 ft2 ft2 ft ft ft ft ft2 ft
. | ‘
Miramar #1 67 335 285 738 - P 78 72 19 - 19 183 90
Miramar #2 67 335 300 738 - - 78 72 19 19 183 90
El Toro 57 285 230 627 ——— —— 68 64 19 14 109 67
Patuxent 70 350 315 770 140 126 .85 80 23 19 183 95
River ’
Dallas - 185 170 500 — e 25 57 B.67 11.5 104 60

{Test Cell)

*Ly = Distance from aircraft enclosure aft wall te augmenter exit

Miramar #1. : -
Miramar #2 @ °

El Toro

Patuxent River

Dallas Test Cell

Aircraft and Engine Handling Capabllity to Each Hush-House

A-4%, A-6, A-7, F-4%, F-5 (T-38), F-8%, F-14%, F-18

A-4, A-6, A-7, F-4%, F-5, F-8, F-14%, F-18

A-4%, A-6%, F-4%, Bare J-79%

A-4, A-6%, A-7, F-4%, F-5, F-8, F-14%, F-18, S-3*, T-2A, T-26
J-79%, TF-41

ATest Data Available

L6TT-M9qH~TIH
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5 ft —

rake position

with F-4 3

"

K

rake position
with F-144a

A. Miramar No., 2

- /_._ .

\ "ake pGSlL.LU - ] \
| with A-4 ’ ‘//////
t —4)j:::*<::/ rake position with
A-6, F=4 and RF-4
J2.5fFt i
— —

B, E1l Toro

‘ ' Figure 3

Miramar No. 2 and El Toro Augmenter
Cross-Sections Showing Rake Locations

. 14
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engine enclosure

11.5 ft
.- T13 "o ’s l
T encl V4Vl Vd A !
R O B
25 ft - | —1*1 - :
xk< /'/j; A7 4f Z’%ﬁ -T
Tio e 2 \
i ' exit survey rate
——— 57 ft 3E 60 ft ——m
engine
throttle ring

) 11.5 ft
'/ T Ty I
o Vil a4 X 1i_z_x
) 5 . /

N 5/"//}//'—_—‘7:

Tyo Ty 4

K— 4 ft. min.
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Section 5: CHECKOUT DATA SUMMARY

5.1 Postconstruction Facility Checkout Data. Table 5 contains the basic
test information obtained from each of the postconstruction facility
checkouts. This includes primary inlet, secondary inlet, and total inlet air
mass flow rates for each aircraft and engine thrust setting, as well as the
corresponding enclosure interjor velocity, "cell” depression and maximum
augmenter wall, and ramp surface temperatures. The information is arranged
chronologically in the order in which the facilities were checked out.

17
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Table 5
Basic Checkout Data with Aligned Aircraft

Thrust Primary Secondary Total Enclosure Enclosure Max Max
Facility Alrcraft Setting Inlet Flow Inlet Flow Inlet Flow Int. Press Velocity Ty, TRam
. . . "H,0" fps ° % ° F
LS W2 virT
- pps pps pps

Miramar No. 1 A-4 (1) Mil 1615 - 1615 -0.75 47 149 162
F-4 (1) Mi1 1568 - 1568 -0.75 201 195
F-4 (1) A/B 1615 - 1615 -0.80 49 471 420
F-4 (2) Mil 2280 - 2280 -1.40 58 215 237
F-8 (1) Mi1 1615 - 1615 -0.70 46 164 168
F-8 (1) A/B 1710 - 1710 -0.80 49 394 373
F-14A (1) Mi1 1686 - 1686 -0.85 46 215 204
F-14A (1) A/B 1615 - 1615 ' -0.90 49 970 660
F-14A (2) mMil 2470 - 2470 -1.75 68 - 202
Miramar No. 2 F-4 (1) Mi1 1700 - 1700 -0.70 24 186 192
F-4 (2) Mil 2220 - 2220 ~-1.15 31 217 234
F-4 (1) A/B 1700 - 1700 -0.70 24 436 447
i F-144 (1) mMil 1450 - 1450 -0.60 24 203 200
. F-l4A (2) Mil 2530 - 2530 -1.50 37 .215 206
" F-Y4A - (1) A/B 1450 - 1450 -0.60 24 990 674
El Toro T A-4 (1) Mi1 1550 - 1550 -1.10 . 31 192 187
A-6 (1) Mil 1020 - 1020 - ~0.50 23 256 212
A-6 (2) Mil 1360 - 1360 -0.90 28 303 243
F-4 (1) Mil 1310 - 1310 -0.80 26 209 189
F-4 (2) Mil 1730 - 1730 -1.30 34 256 236
F-4 (1) A/B 1310 - 1310 -0.80 26 470 440

LO6TT-AAIH~TIN
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Table 5 (Continued)
Basic Checkout Data with Aligned Alrcraft

Primary Secondary Total

L6TT-A4QH-TIH

Thrust - Enclosure Enclosure Max Max
Facility Aircraft Setting Inlet Flow Inlet Flow Inlet Flow Int. Press Velocity Ty, TRam
- * ’ - "HzO" fpﬂ @ % o E
W1 W2 - WT ' ‘
pps pps - pps
Patuxent ,1 .
River A-6 (1) Mil 1150 460 1640 : -0.75 13 220 175
A-6 (2) Mil 1420 490 1910 -1.46 19 221 206
F-4 (1) Mil 1280 850 2130 -0.76 14 197 188
F-4 C(2) mil 1460 1090 2250 -1.16 19 230 234
F-4 (1) A/B 1280 830 2110 ~0.76 14 400 351
F-4 (2) A/B - - - - - - -
_ "F=144A (1) Mil1 1080 830 1910 -0.76 15 202 194
T F-14A (2) Mil 1430 1220 2650 -1.35 22 186 191
, F-144 (1) A/B 1030 750 1780 -0.60 10 619 441
F-14A {2) A/B 1305 930 2235 -1.12 19 7157 554
5-3A (1) Mil1 1260 240 1500 _ -1.03 19 124 116
-1 85~34 (2) Mil 1900 0 1900 -2.35 30 132 128
L oy . ‘ . '
NAS Dallas* :.fBare J-79 (1) Mil 1250 - 1250 -0.80 25 225 -
(Throttle :.3 . _ :
ring in) = “Bare J-79 (1) A/B 1250 ' - 1250 .~ =0.80 25 615 -
NAS Dallas* Bare J-79 (1) Mil 1600 - 1600 -1.07 34 190 -
(Throttle
ring out) Bare J~79 (1) A/B 1600 .- 1600 -1.07 34 510 -
*Note: Enclosure internal pressure and velocity data for zero cross wind.
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| Section 6: AUGMENTER MASS FLOW RATE

6.1 Augmenter Mass Flow Correlations., Figures 6, 7 and 8 contain the
augmenter mass flow (pumping) correlation based upon all of the postconstruc-
tion facility checkout data, In this correlation, the total inlet air mass
flow to engine flow rate ratio is plotted versus the ratio of augmenter duct
area to engine flow rate. This form of correlation suggested itself after the
first Miramar checkout where it was noted that total inlet flow rate remained
constant during excursions from military thrust to maximum afterburning thrust
(engine mass flow rate remaining constant). This form of correlation is
fairly accurate as long as the augmenter duct area, A, is larger than the
engine nozzle throat area (A, »> 1°ANT§8)) and the total pressure rise in

the pumped flow is lower than the engine nozzle total pressure (Pypiow

0.005 Pry(g)). Augmenter pumping then becomes primarily the functions of
relative augmenter duct area (increased pumping with increased duct area) and
the location and orientation of the exhaust nozzle centerlines with respect to
the augmenter duct boundaries (maximum pumping with engine exhaust centered
and aligned in augmenter).

aircraft/engine situations where the engine exhaust was centered in the

augmenter. Model test results are included for reference. These data

represent the maximum pumping performance with an essentially constant area

augmenter duct. Model test data reported in [3] show that significant

increases in pumping can be obtained by incorporating a subsonic diffuser on
‘ . the augmenter. For the facilities covered herein, however, the constant

6.1.1 Exhaust Data from Augmenter Center. Figure 6 presents data for

section augmenter duct provided adequate pumping of cooling alr and the
constant section duct is less expensive to build. Moreover, increasing total

. air flow above the minimum needed for cooling can require a bigger, more
costly, air inlet. In the case of the NAS Dallas test cell, a throat section
was included at the upstream end to limit pumping to only cooling. This made
it possible to reduce the air inlet net area and to limit the cell velocity to
less than 50 f/s (15.2 m/s) without a secondary alr inlet.

6,1.2 Correlation for Bare J-79 Engines and F-79 Powered F-14, Figure 7
contains the augmenter mass flow correlation for bare J-79 engines and the
J-79 powered F-4, This correlation involves centered and nearly-centered and
aligned engines. Thus, the pumping 1s close to maximum. In Figure 7 the
effect of a throttle ring (in addition to the throat) in the N.A.S. Dallas
test cell 1s shown.

6.1.3 Effect of Engine Centerline Offset. Figure § shows the effect of
significant engine centerline offset and misalignment on augmenter pumping.
In the case of the F-14, the nozzle centerlines are 9 ft {(2.74 m) apart and
splayed outward 1° with an augmenter of 19 ft (5.79 m) width. The exhaust
centerlines for the S—3A are 16 ft (4.838 m) apart and necessitate an enlarged
flow pickup upstream of the 19 ft wide augmenter duct. Figure 8 contains
model test data from Reference [11] for comparison.

6.1.4 Augmenter Length Selection. The augmenter length for the various
dry-cooled facilities was chosen in every case on the hasis of required noilse
suppression, since the augmenter with its absorptive liner is an important
exterior noise reduction component. Pumping data suggest that adequate

20
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Figure 6

Augmenter Mass Flow Correlation with

" Engine Centered and Aligned
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pumping of cocling air can be obtained with an augmenter 3 to 4 effective
diameters long, or about 2/3 the chosen length [3]. The relative
insensitivity of pumping to augmenter length is related to the low-pumped flow
pressure rise required.

24
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Section 7: ENCLOSURE INTERIOR FLOW CONDITIONS

7.1 Enclosure Interiocr Conditions. Enclosure interior conditions of
interest include: -

a) interior pressure {(cell depression)
b) velocity approaching aircraft/engine inside of enclosure - Vi,:
¢) enclosure interior flow patterns

hush-house/test cell designs are based on providing acceptable
interior conditions from the standpoint of the enclosure structure, engine
operation and personnel comfort and safety. Thus, it is typical to limit cell
depression to 2 in. (50.76 mm) H,0, interior velocity to 50 £/s (15.24 m),
and to avoid significant recirculation of exhaust gases within the enclosure.

7.1.1 Interior Pressure. Interior pressure (cell depression) data are
presented in Table 5 and in Figures 9 and 10. It is apparent from a
comparison of Figures 9 and 10 that hush-house cell depression data group best
vwhen plotted versus the specific flow rate through the primary between-
the-baffles net area (Wj/Ajnet). The Patuxent River hush-house primary
exhibits a higher loss because of the inclusion of demisting elements. The
N.A.S. Dallas test cell exhibits lower loss because the vaned turn from
vertical to horizontal does not involve flow deceleratjon. Note that .the cell
depression varies roughly as the square of the specific flow rate or, i.e., as
the dynamic pressure in the minimum net area Ajj.¢.

7.1.2 Interior Velocity., Table 5 and Figures 11, 12 and 13 present
enclosure interior velocity, Vi,. data. A comparison between Figures 11, 12
and 13 indicates that the bést correlation occurs with specific mass flow rate
based upon the effective flow area within the enclosure. (A4gor In the case
of a hush-house and total cell cross-section in the case of the N.A.S. Dallas
test cell.) The velocity measurements used in Figures 11 through 13 were
taken 15 ft (4.57 m) from the hush-house door outlet and about 10 ft (3.05 m)
into the constant height test cell in the case of N.A.S. Dallas.

7.1.3 Interior Flow Patterns. Enclosure flow patterns are of interest
because of concerns about exhaust recirculation in the hush-houses and, in the
case of the A/E 32T-15 Pegasus dedicated test cell at MCAS Cherry Point,
concerns about bad compressor face distortion arising from ingestion of low
energy flow. Figures 14 and 15 show enclosure interlor flow patterns with the
A-6 at El Toro and with the S5-3A at Patuxent River respectively. The A-6 and
5-3A represent the most difficult hush-house flow capture problem. In both
cases, the degree of recirculation appears to be acceptable (in the case of
the 5-3A, this is true because most of the recirculation involves relatively
cool air from the fan exhaust). Figure 16 shows A/E 32-T15 interior flow
patterns during F-402 Pegasus runup. A recommendation was made that the cell
flow rate be increased to minimize low energy air ingestion, even though the
problem being addressed did not result from the flow distribution.
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Section 8: AUGMENTER WALL TEMPERATURE

8.1 Wall Temperature Measurement. (For definitions of the terms for
equations below, refer to Table 1.) Measurements of augmenter wall
temperature were made in all of the postconstruction facility checkouts
reported herein [1, 3, 8, 9]. In addition, measurements of augmenter wall
temperature were made during the model test programs reported in References
[3, 14 and 15]. In some cases the augmenter wall temperature data have been
reduced to a wall temperature parameter where:

Twall — Tambient

EQUATION: Tp (1)

TTN(B)' Tambient

Measured wall temperatures are plotted versus axial position in the augmenter

in Figures 17, 18 and 19 for aligned engines or alrcraft. Figures 17 and 18
present such data for aligned aircraft and engine cases where the exhaust
centerlines were aligned with and nearly contiguous with the augmenter
centerline. As a good first approximation, the maximum augmenter wall

temperature in such cases equals the mixed exhaust temperature where:

EQUATION: ' (2)
e x Cpp x TT + (Wpp - Wg) x CP T
E E N(8) IT E) X "Yair X lagmp
Taix =
CPaugm X WIT
exh
Typical conditions are:
Cp = 0.24 Btu/l1b® F (R)
air
Tamp = 100° F maximum
Thrust T c c
Mil 1200 0.27 0.25
A/B 3200 0.34 0.26
8.1.1 Wall Temperature with Qutward-Splaved Exhaust. Figure 19" contains

data for aligned aircraft where the exhaust centerlines were splayed outward
and located a significant lateral distance from the augmenter centerline (A-6,
F-14A and S-3A)., In addition, Figure 19 contains a projected wall temperature
distribution for the F-14A in a Miramar type hush-house based on the model
tests [3]. The projection based upon the model tests is quite accurate.

EQUATION:  (Tyall = 1020° F, Tya1l = 980° F) (3)
max projected max meas

8.1.2 Wall Temperature with Aircraft Misalignment. Figure 19 also shows

the 150° F (65.6° C) lower wall temperature measured at Patuxent River during
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F-14A misalignment tests run in Miramar Hush-House No. 2 and reported in
Reference [6] and those run at Patuxent River are summarized in Figure 20.
This shows the rapid increase in maximum augmenter wall temperature with
aircraft misalignment. Figure 20 further shows the beneficial effect of the
flared augmenter inlet on wall temperatures in the Patuxent River hush-house.

£8.1.3 Wall Temperature/Engine Hozzle Distance Correlation. Figures 21 and
22 represent an attempt to relate maximum augmenter wall temperature with the
distance from the engine nozzle exit to the impingement point. In Figure 21,
maximum wall temperature parameter, ‘Ppax, s plotted versus the distance
from the nozzle exit to the nondimensionalized location of maximum wall
temperature within the augmenter {(this basically portrays the effect of jet
mixing). Figure 22 presents the relationship between hot spet location and
the point at which the projected nozzle centerline intersects the augmenter
wall, Figures 21 and 22 are particularly useful in cases where the nozzle
centerline is canted toward the augmenter wall or where the nozzle centerline
1s offset significantly from the augmenter centerline. Even so, Figures 21
and 22 do not account for effects on pumping, such as those derived from the
application of a flared augmenter inlet to the Patuxent River hush-house.
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Section 9: AUGMENTER EXIT VELOCITY

9.1 Exit Velocity Limits. Augmenter exit velocity measurements were
taken in the postconstruction checkout tests reported in References [1, 3, and
8] and in model tests reported in References [3, 13 and 14]. Velocities were
derived from measurements of augmenter exit total pressure and total
temperature aaesum.l.ug that the static pressure across the augmenter exit plane
was uniform and equal to ambient (barometric) pressure. Augmenter exit
velocity is important because the flow leaving the augmenter is an important
noise source. For all of the facilities (which were designed to meet an 85
dBA noise limit at 250 ft (76.2 m) from the engine exhaust plane), the intent
was that the "self-noise" caused by flow leaving the augmenter exit shall not
contribute more than 2 dBA to the maximum noise level at the 250-ft distance.
This implied limiting the peak velocity in the flow which leaves the augmenter
to less than 500 f/s (152.4 m/s). A much lower exit velocity, 350 f/s (106.7

n_'l__/s) will be required to meet a noise 1imit of 75 4dBA at 250 ft with a lined

- - FE m ey wa s e A ARV SR AL LAM A W WA AL A LT F oY @ Lldllwd

augmenter plus a ramp-type sound suppressor,

9.2 Exit Velocity Test Results. All of the full-scale augmenter exit
velocity distributions measured are presented in Figures 23 and 24, Figure 23
contains data from the checkouts of the Miramar No. 2 and El Toro

hush-houses. Figure 24 contains data taken with a J-79 in the NAS Dallas test
cell. Figure 24 shows the effect of throttling (reducing augmentation) on the
augmenter exit velocity, This would normally have resulted in a lower maximum
noise level at 250 ft, but the throttle ring generated noise so the total
noise level increased
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Section 10: VISIBLE EMISSIONS

e d o d o non AT v
AWV e L [ ] MIL SIS LIS o J..u. 1LT0OWU, Llll: navy

1

A
sponsored a program to study ways of minimizing visible emissions from test
cell and hush-house installations to meet a Ringelmanm 1.0 (20 percent)
opacity criteria during all runups. The study involved full-scale exhaust
plume observations [5] and model-scale tests using a smokey jet [12]. For the
full-scale observations and predictions, the opacity of the open air jet was
chosen as the reference value. This opacity (defined in terms of Ringelmann
number) does not diminish due t¢ typical jet mixing because, while the
particulate concentration decreases, the effective plume diameter increases.
The reference open air jet opacities of several engines are presented in Table

6: o

101 th

Table 6
Open-Air Jet Opacities
POWER JET
ATRCRAFT ENGINE SETTING RINGELEMANN NO.
A-4 J-52 P408 Mil 0.75
A-6 J-52 P8 Mil 0.50
A-7 TF-30 P6 Mil 2.25
TF-41 A2 ' Mil 1.25
F-4 J-79 GER, 10A Mil 2.50
A/B 0.75
J-79 GE1l0B, G Mil 0.50
A/B 0.50
F-8 J-57 P420 - Mil 0.50
) A/B 0.25
F-14A TF-30 P4l12 Mil 0.50
A/B 0,50
10.2 Model-Scale Test Conclusions. The following conclusions were

derived from the observations and model-scale tests:

a) Maximum exhaust plume opacity typically occurs during engine
runup in maximum nonafterburning thrust.

b) At maximum nonafterburning thrust, the open-air jet opacity of
most engine exhausts is below Ringelmann 1.0 (the important exceptions being
older J-79's and the TF-41).

ctical to design an exhaust system that
that of an open-air jet.

c) It does not ap
exhibits a plume opacity les

© 'Ul
1)
o

d) The jet mixing and deceleration process, typical of a low-loss,
straight-through augmenter plus ramp, yields an exhaust plume opacity only
slightly greater than that of an open-air jet,

e) The limited dilution and subsequent deceleration typical of most
st cell exhaust systems, can result in an exhaust plume opacity many times
t of an open-air jet,

i J=t=:
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Section 11: ENCLOSURE INTERIOR NOISE

11.1 Introduction, This section deals with the interior noise of
hush-houses and jet engine test cells. The data reported were obtained either
by the performance evaluation of completed full-scale facilities or by
model-scale experimental studies. Many key acoustical results of checkout
measurements and model studies are included. The structure of aircraft during
ground runup in hush-houses or that of engines during out-of-airframe tests in
a jet engine test cell may experience sound and sound-induced vibration that
differs from that obtained when the test is run outdoors.

Note: certain parts of aircraft are frequently exposed to substantially
higher noise levels than those encountered during ground runup
outdoors. This occurs when aircraft are taking off pairwise on
the same runway and when they are parked on the deck of an
alrcraft carrier during the takeoff of other aircraft.

11.1.1 Enclosure Interjor Noise Sources. The sources of enclosure interior
noise are the engine intake and the engine exhaust. While all the engine
intake noise enters the enclosure, only a part of the engine exhaust noise
"spills" into the enclosure. The larger the distance between the engine
exhaust plane from the augmenter entrance, N and the smaller the

equivalent diameter of the augmenter, Dp, the larger portion of the engine
exhaust noise reaches the enclosure. The sound field inside of the enclosure
is made up from the direct sound radiated from the engine and from the
reflections of the direct sound from the enclosure interior surfaces.

The enclosure interlor noise is of concern because of:

a) Sound induced vibrations of the aircraft, engine components and
the structure of the enclosure

b) 1Its potential impact on the hearing of operating personnel

c) Sound radiation through the enclosure walls and intake muffler
to the outside and through the viewing window to the control room.

The interior nolse data obtained in full-scale test facilities are
compiled in Table 7. The objectives and key results of model studies are
presented in Tableg 84 through 8C.

11.2 Enclosure Interior Noise in Full-Scale Test Facilities. The
A-welghted interior noise level obtained at standard interior microphone
positions is presented in the right columm in Table 7. The location of the
standard interior microphone positions for the different facilities is shown
in Table 9.

11,3 " Typical Interior Noise Level Spectra. Figure 25 shows the
1/3-octave band spectrum of the interior noise measured in the Miramar No. 2

hush-house at Standard Intericer Microphone Position No. 3 obtained while the
port engine of the F-4 and F-14A aircraft was operating at maximum
afterburner. Although the F-4 aircraft has an engine of lower sound power
output than that of the F-14A aircraft, it produces substantially higher
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~Table 7 :
Summary of Far-Field and Interior Noise Levels
' of Full-Scale Test Facilities

250 ft
Maximum
. Level/
Exterior Sound Level, dBA% Position Interior Sound
Aircraft/ Power (250 ft Circle) . of Max. Level, dBA*
Facility Engine Setting Positionl . Level Position?
0° 30°  60°. ° 90° j 120°  150°  180° ) 1 2 3 4
Miramar No. 1 F-4J 1 Mil 76 774 774 75 74 76 71 76%/150° 129 130 132 132
Hush-House3 | 1 A/B 81 86% 864 79 80 81 78 814/150° 135 137 138 137
[3] : L _
F-14A 1 Mil 66 66 67 67 69 73 74 74/180° - 112 120 121 124
1 A/B 75 78 78 77 81 84 - 85 - 85/180° 134 133 136 138
Miramar No. 2 F-4N 1 A/B 74 74 719 75 81 80 74 81/120° 134 - 139 141
Hush-House  F-14A 1 A/B 71 73 74 77 84 - 86 82 86/150° 132 -~ 136 138
[1, 22] , :
©F-18. - 1 Mil 76 671 - - 73 - 78 - 129 131 - -
e 1 A/B 81 72 - ~ 81 - 838 - 135 135 - -
El Toro - - F4 * 1'A/B - 73 76 77 76 78 83 82 83/150° 135 - 141 142
Hush-House .A-4  Mil 68 71 71 71 75 83 84 84/180° 135 - 140 142
[1) A-6 Both Mil 76 78 79 78 78 84 94 94/180° 137 - 143 145

*Rounded to nearest dB.
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Table 7 {(Continued)
Summary of Far-Field and Interior Noise Levels

: of Full-Scale Test Facilities
250" ft
Maximum
] Level/
Exterior Sound Level, dBA* Position Interior Sound
Alrcraft/ Power (250 ft Circle) of Max, Level, dBAx%
Facility Engine Setting Positionl - L .+ Level Position2

0° 30° 60°  99° - 120° 150° 180° 1 2 3 a4
Patuxent Riv, F-4J 1 Mi1 68 65. 68 69 76 76 72 76/150° 127 - - 137
- Hush-House ., Both Mil 70 67 -=70 -~ 73 - 718 78 76 78/150° 130 - - 140
® [9, 23] 1 A/B 72 70 76 75 80 81 76 g1/150° 133 - - = 144
F-14A 1 Mil 63 60 . 63 65 72 74 74 74/180° 124 - - 125
Both Mil .63 62 - 64 68 76 80 80 - 80/180° 124 - - 128
1 A/B 72 70 73 74 79 84 83 84/150° 132 - - 138
S Both A/B 76 74 . 76 77 86 88 90 90/180° 133 - -~ 140
. .§-3A 1 Mil 62 59 60 58 58 59 60 62/0° 124 - - 128
Both Mil 67 63 64 61 63 65 66 67/0° 127 - - 128
. A6 1 Mil 68 66 67 68 70 72 82 82/180° 130 - - 130
Ao, T _ Both Mil 72 70 69 70 73 76 86 86/180° 140 - - 142
Dallas Test - J79-GE-8D Mi15 73 7 72 77 80 83 85 85/180° 133 = 138 -
Cell [24, 25).: « Mi16 71 69 71 76 79 82 84 84/180° 133 - 138 -
A/BS 78 8 80 83 90 89 94  94/180° 139 - 143 -

A/B6 78 78 79 83 89 89 93 93/180° 139 - 143 -

N. Island Test J79-GE-8D Mil 62 697 64! 637 667 70 68 70/150° - - 141 -
Cell 20 {19] A/B 70 757 7 7207 7137 M 76 77/150° - - 143 -

#Rounded to nearest dB,.
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Table 7 (Continued)
Summary of Far-Field and Interior Nolise Levels
of Full-Scale Test Facilities

250 ft
Maximum
. Level/
Exterior Sound Level, dBAX Pogition Interior Sound
: Aircraft/ Power © (250 ft Circle) of Max. - Level, dBA¥
Facility Engine Setting Positionl Level Position2
0° 30° 60° 90° 120° 1506° 180° 1 2 3 4
Alameda Test TF41-A2B Mil 647 71 67 66 67 73 67 73/150° - - 138 -
Cell No. 15 A
[26] J57-P10 Mil 622 69 64 64 67 72 65 72/150° - - 137 -
Lemocore . Midway Between
Coanda ' Engine Test
Cell . Center Line &
Port ' : Wall
[20] TF30-P408 Mil 88 84 83 83 88 86 92 92/180° - 141
TF41-A2B Mil 88 85 83 84 87 86 87 88/0° -
F-404 Mil 92 87 87 B7 91 - 90 92 92/0° & 180° 143
A/B 92 88 87 88 92 - 91 93 93°/180° 142

L6TT-A90dH-TIN

*Rounded to nearest dB,
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Table 7 (Continued)
Summary of Far-Field and Interiir Noise Levels
of Full-Scale Test Facilities

Notes:
lp Position is 25¢ ft (76.2 m) from engine exhausts: 0° is forward, 180° is
aft Microphones are on the same side of alrcraft centerline as is the

operating engine.

Positions are approximately on a line parallel to the engline axis.
Position 4 is approximately in the plane of the engine exhaust for F-4;
position 3 is approximately mid-engine; pogition is forward in the cell;
position is hetween positions 1 and 3.

3 Measuremen

= FEL Uil LYSLY =

circle. Data are tabulated for closest st andard positio
90° are average of data from measurements at 83° and 97°.
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Personnel door was open, resulting in abnormally high levels at these
positions, These positions were excluded when tabulating maximum level.

5 Throttle ring installed.
6 Throttle ring removed.

7 Data possibly affected by obstruction (bﬁildings) within or on the 250-ft
acircle. '

ynd ohtad Tawral affantrad hy Wanwan~rh w Fama fn etha madoa anandesrm
ATFCLERULLECW LL-YOLA Al F S i CL WAL ] 2 LWilc Ll LT LNV LIoT oOpC LWL I-llu,
related to interaction of shock fronts, which is an abnormal condition.
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Table B8A

Objectives and Key Acoustic Results of Model Studies
Miramar Model Study (October 1975) [3]

ACOUSTIC |
OBJECTIVES ‘

RESULTS

and £y anatiaedan B - T
Verif J at..uu::\..J.n.,q..l. pliviiialicc u:.

full-scale hush-house for F-14
alrcraft.

.4

Provide design information for
future hush-house and test cell
designs.

1 Tesle e in ad omm Al o TP T A
L Exhaust noise of ail ©—149

maximum afterburner was
predicted to meet the 85 dBA
criteria at 250 ft.

2
111

2. a) A method was developed
to predict a jet sound power
spectrum based on jet total
temperature nozzle pressure
ratio, and nozzle diameter

b) The division of
acoustic energy between the
interior and exterior of the
hiish-house depends strongly
on the axial distance between
the jJjet and the augmenter
entrance. Increasing this
distance resulted in more
energy in the interior, and
less energy entering the
augmenter.

Aligmenter att a
as a f unction of axial p
tion of the acoustic lining
in the augmenter was found to
be approximately independent
of position, except that
little attenuation occurred
at low frequencies in the
upstream end of the augmenter
{at least partly because low
frequencies are generated .
farther downstream in the
Jjet) and little attenuation
occured at high frequencies
in the downstream end of the
augmenter. :

51




Downloaded from http://www.eve-ryspec.com

MIL-HDBK-1197

Table 84 (Continued)

Objectives and Key Acoustic Results of Model Studies

Miramar Model Study (October 1975) [3]

ACOUSTIC
OBJECTIVES

RESULTS

d) augmenter attenuation
generally increased with
increase in jet temperature,
due to sound velocity gradients
in radial direction which
refract energy toward the
acoustic lining.

e) The model augmenter
lining (a thin shell of
acoustic material with airspace
behind) provided slightly
better attenuation than the
original Miramar lining (total
airspace packed with acoustic
material).
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Table 8B

Objectives and Key Acoustic Results of Model Studies -
Western Electro-Acoustic Laboratory Study 1980 [18]

ACQUSTIC
OBJECTIVES RESULTS
Provide Acoustical Performance
date for: 1. In a certain frequency

1. Round vs abround augmenters’
2. Turning vanes vs rampabround
3. Ramp modifications

4. Coanda suppressor

range lined augmenters of
concentric construction may
yvield lower sound attenuation
than area-equivalent lined
augmenters of cross-section.

2. Turning vanes generate
substantially more noise than
a lined 45° ramp. The noise
generated by the turning vanes
can be reduced by a lined
stack extension to levels
saimilar to those obtained

with o Tinad AEC? womn vwrdisthaare
Witwldi @ ALiLliTW *J & mup wWilbLlluvudL

a lined stack extension.

3. The ramp modifications
investigated did not result
in a noticeable reduction of
the net exhaust sound power.
No investigations have been
carried out to determine
whether the modifications
influence far field noise at
typical far fileld positions
at ground level,

¥ o oman A

A st s Fdveme T o
“Teo UOANdEa Surrace tu L1l

.provides measurable noise

reduction.
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Table 8C

Objectives and Key Acoustic Results of Model Studies
Forcing Cone Model Study (June 1983) [14, 17]

ACQUSTIC

OBJECTIVES

RESULTS

1. Compare acoustical
rerformance of a round cross
section augmenter for the
TF-30 and F402 type engine,

2. Determine effect of a
"forcing cone"” on performance
of a round cross-section
augmenter for the TF-30 and

F402 type engine.

3. Determine the effects
af twna madificarisama rn a

A RV CuLssLiLRVAVIIL wW W

standard roind augmenter with
concentric shell and inner
lining: a) completely fill
the lower half of the

airspace with acoustical
material; and b) Insert thin
vertical acoustical "curtains"
into the airspace on both
gides of the inner lining.

1. Attenuation was 3 to 6 dB
greater (avg. 4.6 dB) for the
F402 below 400 Hz full-scale.
Attenuation was 5 dB greater
for the TF-30 at 500 and 630
Hz 1/3 octave bands.
Attenuation was the same from
800 to 2000 Hz.

2. TForcing cone produced no
acoustical benefits; no change
in attenuation for the TF-30;
slight degradation for the
F402. Forcing cone not
recommended acoustical

purposes,
3. a) Filling the bottom half
of the airspace increased the

attenuation by 2 to 5 dB
between 80 and 160 Hz
{full-scale)and decreased the
attenuation 1 to 3 dB between
25 and 63 Hz.

b) Vertical curtain
increased the attenuation 1 to
4 dB between 0 and 60 Hz
and did not degrade low
frequency attenuation.
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Table 9
Location of Standard Microphone Positions
for Measuring Interior Noise

INTERIOR POSITION No, 1, 2
1 2 3 4
FACILITY X Y X Y X Y X Y
ft ft ft ft ft ft ft ft

Miramar No. 1 21 58 21 44 21 30 21 15
Hush-House ‘
Miramar No. 2 21 54 — - 22 22 21 16
Hush-House
El Toro Hush-House 21 46 - - 22 22 21 16
Patuxent River - 21 | 79 - —_— —_ — 25 18
Hush-House
Dallas Test Cell 6 56 - - 6 153 — -
North Island - - - —_ 6 153 - -
Test Cell No. 20
Alameda — - — — 6 153 - -
Test Cell No. 15

1l X is the distance of the ﬁicrophone from the centerline of the
hush-house/test cell in feet.

2 Y is the distance of the microphone from the rear interior wall in feet.

3 Approximate.
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interior noise levels at this specific measurement position. This is because
the distance between the plane of the engine exhaust and the augmenter
entrance, Xy, 1s much larger for the F-4 than it is for the F-14A.
Consequently, the F-4 "spills" more of the exhaust sound power into the
enclosure than does the F-144.

Interior noise levels in certain hush-houses and jet engine test
cells have been measured also at positions which differ from the standard,
such as: (1) mnear to the front door, (2) near to the observation window, (3)
in the control room; and (4) inside the primary and secondary air inlets. The
data obtalned in these nonstandard positions are documented in Experimental
Evaluation of the NAS Miramar Hush-House, [21], Noise from F-18 and F-14
Aireraft Operating in Hush-House #2 Naval Air Station Miramar, [22], Noise
Levels of the NAS Patuxent River, Marvland Hush-House [23].

11.4 Enclosure Interior Noise Studies Utilizing Scale Models. A
systematic scale model study [3] has been carried out to identify how the
sound power of a model Jet splits between the enclosure and the augmenter
tube. It was found that the key parameter that controls the split of the jet
sound povwer between the enclosure and the augmenter is the ratio Xy/Dy,

where Xy is the distance between the nozzle exhaust plane and the augmenter
entrance, and Dy is the equivalent diameter of the augmenter entrance.

Figure 26 shows the split of the jet sound power between the
enclogure (burner room) and the augmenter (exhaust room) measured by Reference
3 on 1/15-scale model of a hush-house. The parameters Xy and Ly represent
the nozzle pressure ratioc and the length of an unlined augmenter tube.

Figure 27 shows how the sound power that is radiated into the
enclosure (burner room) increases with increasing Xy the distance between

.the nozzle exhaust plane and the augmenter entrance. The conditions depicted h

in Figure 27 span a Xj/Dj ratio range from 0.04 to 1.44.

NOTE: No systematic model studies were carried cut: to date to investigate
the spatial distribution of the interior noise level. To be
realistic, such medel studies will need to utilize a model-scale
engine that represents both the intake and exhaust noise of a
full-scale engine,
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31 63 125 - 250 500 1K 7K 3K 3K
1/3 0.B. CENTER FREQUENCY, H3Z.

- . ‘ i.‘
Figure 25 ' "

1/3-0ctave Band Spectrum of the Interior Noise in qhe'
Miramar II Hush-House at Standard Microphone Position No. 3

57



" B ' ' Downloaded from http://www.everyspec.com

"MIL-HDBK-1197

FULL-SCALE ONE-THIRD OCTAVE BAND CENTER FREQUENCY (Hz)

s 63 125 250 300 1000
150 N Y TR S S R N N A R G R

120~

1/3 OCTAVE BAND SOUND POWER LEVEL {dB re 107'? walls)

12¢ — -
- -
1no - . . ]
B —— TQTAL FROM JET SURVEY
| O BURNER ROOM |
M EXHAUST RCOM
100 f— -
: o I RN AR A AR A B |
' i s 430 1250 2500 5000 10000 20000

MODEL-SCALE ONE-THIRD QCTAVE BAND CENTER FREQUENCY (Hz)

Figure 26 . J
Split of Sound Power Between Enclosure (Burner Room)
and Augmenter (Exhaust Room) Measured by Reference [3]
Utilizing a 1/15-Scale Model: Xy = 10.5 in. 3300° R,
A =2, Dy = 12.5 in., Ly = 72 in.
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FULL-SCALE ONE-THIRD OCTAVE BAND CENTER FREQUENCY {Hz})
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*

‘ Figure 27 .ol
Effect of Axial Distance Xy on the Sound Power Radiated

into the Enclosure: 72-in. BBN
Augmenter, TrN 3300°R, Ay = 2
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Section 12: EXTERNAL NOISE

12.1 Introduction. This section deals with the external noise of
hush-house and jet engine test cells. Data reported in this section have
either been obtained from full-scale facilities or from model-scale studies.
The emphasis is placed on full-scale facilities. The far-field noise of
ground runup facilities is of concern because, if not properly controlled it
can cause temporary hearing impairment, disturbance at nearby buildings within
the base, disturbance to neighboring residences, and noncompliance with naval
and community noise regulations.

12.2 Principal Paths of Noigse Radiation. Figure 28 shows, in a schematic

manner, the principal paths of noise radiated from a hush-house.

2,2.1 Path 1. Path 1 represents the attenuated jet noise which emerges
rom the exhaust end of the acoustically lined augmenter tube. The sound
ower radiated to the far field by the attenuated jet noise is a function of
he

OOy

(o

a) sound power output of the engine(s);

b) axial distance of the engine exhaust plane from the augmenter

inlet;
c} vertical, horizental and angular positioning of the engine in
relation to the augmenter axis; :

d) geometry and acoustical treatment of the augmenter tube;

e) temperaturé and flow gradients across the augmenter
cross-section created by the mixing of the hot exhaust jet with the
surrounding cooling air;

f) acoustical characteristics'of the lined 45° exit ramp.

12.2.2 Path 2. Path 2 represents the nolse which is generated by the
vortex shedding at the trailing edge of the exit ramp (or the tralling edge of
baffles if the attenuation of the jet nolse is accomplished with sound
absorbing baffles located inm the exhaust stack instead of the lined
augmenter). This flow-generated noise is proportional from the 5th to the 6th
power of the flow velocity at the trailing edge. Accordingly, the noise
generated by this process is very sensitive to localized deviations of the

-exit veloclty from 1ts average value. Consequently, 1f the hot jet is not

mixed sufficiently well with the surrounding cooling air to yield an even
velocity distribution, then the flow-generated noise may contribute to the
far-field noise. This is usually the case when the augmenter provides a high
attenuation of the jet noise, Because of the directive nature of the flow

naiea its contribution to the far—flald noige is unsnally limited to posgsition

ALV L g TIAT AL Adhwai BMVASS LD VMR WG LLY A LA PACE-E L A2

downstream of the exhaust.

12.2.3 Path 3. Path 3 represents the noise which radiates from the outside
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shell of the augmenter tube. Because the highest interior noise levels are in
the vicinity of the entrance of the augmenter tube, this upstream portion of
the exterior tube is usually the contributor to far-field noise.

12.2.4 Path 4., Path 4 represents the noise which escapes through the walls
and roof of the building. The sound power escaping through this path is
controlled by:

a) sound power output of the engine under test;

b) the axial disfance between the engine exhaust and the plane of
the augmenter intake opening;

¢) horizontal and vertical positioning of the engine relative to
the center line of the augménter tube;

d) effectiveness of the scund absorbing treatment of the interior
surfaces of the building;

e) sound transmission loss of the building walls, roof, and doors
and windows In the exterior.walls;

. The above listed variables also control the interior noise in the
building. Both the interior noise level and the sound power escaping through
the building partitions increases strongly with increasing distance between
engine exhaust and augmenter tube entrance,

12.,2.5 Path 5. Path 5 represents the noise which escapes through large
openings, such as the primary air intake. These large openings are necessary
to bring in the large volume of air needed for the engine intake and for
cooling. To control the noise escaping through these openings without
excessive pressure drop {(that would result in excessive cell depression), the
sound attenuation must be accomplished by low-pressure-drop mufflers.
Parallel baffle dissipative mufflers are the best to accomplish this and to
provide an undistorted turbulence-free flow that is needed to avoid vortex
generation especially in the front of the building upstream of the engine
intakes. :

12.2.6 Path 6. Path 6 represents the noise which escapes through the large
front door of the building. Because of the shielding effect of the building,

nolse at the far-field positions located in the downstream quadrant.

12.2.7 Source Receiver Paths. Source receiver paths which contribute to
the far-field noise are summarized in Filgure 29 in the form of a block
diagram. This block diagram provides additional information for Figure 28.
Figure 29 identifies the major noise source and the major paths through which
part of the source nolse reaches an observer located at a specific far-field
position at 250-ft (76.2-m) radius circle (or any larger distance) centered at

has contributions which arrive there via many different paths. Because
directivity of radiation, the shielding by the building structure, and the
source recelver distances are different for each receiver position, the
prediction of the noise level at a specific receiver location is a difficult

61



Downloaded from http://www.everyspec.com

MIL-HDBK-1197

tagk., The task is even more complicated because the directivity and shielding
effects for each particular source-path combination usually depends on
frequency.

Due to the complexity of the problem, sufficiently accurate
prediction of the far-field noise is possible only if carried out on the basis
of appropriate scaling of measured nhoise data obtained during the field
checkout of completed test cells and hush-houses of similar construction,
whereby the scaling is alded by the results of systematic scale model studies
and by theoretical considerations,

12.2.8 Effect of Geometry Change on Noise. The acoustical data presented
in Sections 11 and 12, and in Acoustic Report on the 1/15-Scale Hot/Cold-Flow
Model Tests of Forecing Cone Augmenter Pickup for Hush-Houses and Test Cells
[17]); 1/15-Scale Model Testing of Dry-Cooled Jet Engine Noise Suppresors Using
Hot Jet Simulating the TF-3Q0-P-412 Fan Jet Engine [18]; Noise Levels of NAS
Lemoore Cell #1 [20]; Letter Report on the Acoustical Performance Checkout of
the NAS Dallas Jet Engine Test Cell [24]; and Noise Levels from the Operation
of the J79-GE-80 Engine in the NAS Dallas, Texas, Air-Cooled Round Stepped
Augmenter Test Cell [25]; and References [1, 3, 9, 21, 22, and 23], and Noise
Levels of NARF, NHorth Island Test Cell No. 20, R.E. Glass [19] can serve as a
base for predicting exterior and interior noise of new facilities that have
different geometry and utilize different engines than previously used. Based
on the experiences that small changes in geometry or operating parameters
sometimes can result in substantial changes in noise, scaling of data is not a
simple matter,

12.3 External Noise of Full-Scale Test Facilities. The external noise of
hush-house and jet engine test cells of the U. S. Navy is evaluated at seven
standard microphone positions equally spaced (i.e., 30° apart) on a 250-ft
(76.2-m) radius half-circle (experience shows that the polar plot is
practically symmetrical around the axis of the facilities. Consequently, a
360° coverage is not necessarily centered at the engine exhaust. The first

far-field microphone position (0°) is in the front and seventh (180°) behind
the exhaust stack. '

The A-weighted sound pressure level at these standard 250-ft
positions 1s compiled in Table 6. This table includes far field noise data

obtained for four hush-houses and three test cells. It contains 231 data
points obtained for the A-4, A-6, F-4, P-14, F-18, and S-3 naval aircraft and

for the J79-GE-8D, F-404, TFAI-AZB, J537-P10, and TF30-P408 engines operating
in military and maximum afterburner setting.

Figure 30 shows the l1/3-octave band spectrum of the far-field noise
obtained at the Miramar Ho. 2 hush-house at front {(0°) and aft (i80°) location
at 250 ft when the port engine of the F-4 alrcraft was operating at max A/B.
References {1, 9], and [20 to 25], and Noise Levels of the NARF Alameda Test

Cell No, 15 [26]), contain 1/3-octave band spectra obtained at all far-field
positions for the test facilities for which A-welghted levels are listed in
Table 6.

12.4 External Noise Studies Utilizing Scale Models. Most of the model
studies undertaken dealt with the split of sound power between the enclosure

nd wish +ha ad I
and the augmenter entrance and with the sound-power-based attenuation of

various augmenter configurations [3, 17].
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One investigation [18] also dealt with the direct comparison of the
sound pressure level at the scaled far-field microphone positions obtained for
the bare model jet and those obtained at the same positions for the model
exhaust system, respectively.

For Figure 31, the results of a model-scale investigation show how
the axial distance of the jet exhaust from the augmenter entrance, XN,
influences the sound power that enters the augmenter. The larger the axial
distance, the smaller is the sound power that enters the augmenter at mid and
high frequencies, At low frequencies, where the noise source is within the
augmenter, the axial distance has little influence on the sound jet power that
enters the augmenter.

In Figure 32, the results of a model-scale investigation show how
the particular position of a 12-in. (304.56 mm) long (15 ft (4.57 m) at
full-scale) lined augmenter segment with a 60-in. (1523 mm) (75 ft (23 m) at
full-scale) hard-walled augmenter influences the power-based insertion loss.

References [3, 17, and 18] contain results of scale-model acoustical

studies for a varlety of model-scale engines, exhaust system configurations,
and specific acoustical treatments.
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Principal Paths of Noise Radiated from a Hush-House
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1/3-Octave Bank Spectrum of the Far-Field Noise

;t 250 ft: Miramar II Hush-House
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Figure 31 ) )
Effect of Axlal Distance, Xy, on the Sound Power Radiated
into the Augmenter; 3300°R, Agy = 2, Dy = 12.5 in., Ly = 72 in.
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Figure\ 32
) Power-based Insertion Loss, PWL, for 12-inch Section of
| ' Augmenter with BBN Liner at Varim‘lq Pogitions in the 60-in.
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Hard-walled Augmenter with 45° Ramp; F-14 Position, Try =
3300° R, Ay = 2, Xy = 4 in.
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