INTERNATIONAL-

AIR4869™

AEROSPACE

REV. B

INFORMATION REPORT

Issued 1995-10
Reaffirmed 2020-10
Revised 2021-02
Superseding AIR4869A

Design Considerations for Enclosed Turbofan/Turbojet En

gine Test Cells

RATIONALE

Revision to incorporate reference to recently published SAE Aerospace Information Report AIR6355.

One of the strongest m
ground-level testing fa
understanding of the ag
was not so poor, there {
the engine testing envir
the aerodynamics of the
has led to a much impro|
of the engine testing en
document is intended fq
particularly those who ni

Turbofan and turbojet e
attributable to the chara
in the development of
acoustic control are dd

performance are included. When these cell performance goals are achieved, stable and repeatah

be assured. Research
number of full-scale opq
for improved engine tes

FOREWORD

otives for documenting the considerations which are judged important in
Cilities for turbofan and turbojet engines as described in this”work v
rodynamics associated with the test cell environment. In those instances v
ometimes remained a lack of appreciation for the fundamental importance
bnment. It is known that such a poor understanding or aJdack of appreciati
testing environment can and does lead to disastrous,eonsequences. Aer
ved understanding and heightened awareness of the fTundamental importa
ironment and has resulted in significantly improved engine test facilities no

ight be interested in upgrading their existing.or acquiring new test cell faci

ngines operating in a ground-level test cell can encounter a number of pro
Cteristics of the test cell environment."Some of the more important factors wi
est cell designs leading to desired engine operational stability, aerodyn
scribed. Test cell performanee~-goals which typically might be used tq

tonducted through scale. model test studies and numerical analysis, reinf
rational experiences, has assisted the evolution of engine test cell design
facilities.

the design of enclosed
vas the generally poor
here the understanding
of the aerodynamics of
bn for the importance of
bdynamic research work
hce of the aerodynamics
W in use worldwide. This

r individuals associated with the ground-leveltesting of large and small gas turbine engines and

ities.

blems which are directly
hich must be considered
amic performance, and

define "excellent" cell
le engine operation can
orced by results from a

and attacked the need

SAE Executive Standards Committee Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and

suggestions.

Copyright © 2021 SAE International
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,

recording, or otherwise, without the prior written permission of SAE.
TO PLACE A DOCUMENT ORDER:

SAE WEB ADDRESS:

Tel: 877-606-7323 (inside USA and Canada) . f . )

Tel:  +1724-776-4970 (outside USA) For more information on this standard, visit
Fax:  724-776-0790 https://www.sae.org/standards/content/AIR4869B/
Email: CustomerService@sae.org

http://www.sae.org



https://www.sae.org/standards/content/AIR4869B/
https://saenorm.com/api/?name=7bb68f884923649dcedf5d5d706fede0

SAE INTERNATIONAL AlIR4869™B Page 2 of 13

2.1
22
2.21
222
223

41
4.2
4.3
4.4

5.1
5.2
5.3
54
5.5

8.
8.1

APPENDIX A

Figure 1
Figure 2

TABLE OF CONTENTS

1O ] PSP SOP PRSP 3
U0 S 3
REFERENGES . .......oo oottt ettt e e e ettt e e e sttt e e e sateeeeeesteeeeeastaeeeeastaeeeeasteeeesassaeeesasteeeeeassaeeesansenannns 3
P o] o] Toz=T o] (=T I o Yo 4T o | SRR SRPRERR 3
Symbols and ADBDIEVIAtIONS ... 4
== =Y L= L= TSR 4
WY o] o]y A= 1 o] o =S 5
YU oFTer 1 o] (TSRO 5
TECHNICAL BACKGROUND .....coiiitiiite ittt st e st e e st e e e msee e e e ansteeeeansteeeeanneeeeeannseeeeannes 6
TEST GELL SYSTEM DESIGN CONSIDERATIONS ... 7
101 0= 4 Y TV T o LR oy Sy ! SO 7
QIS 4] g F= 1.4 o= P I DR 7
AUGMEINTOT ...ttt e e s srnee e e s snnree e s snneee s s g A T enreee et e e e et e e e et e e e 8
g F= U AR = Lo Y S 8
FACTORS FOR EVALUATING TEST CELL PERFORMANCE ..£s... b 9
Front CEll Velocity DiStOrtion............oooiiiiiiiiiieeiiiiee i Db 9
Front CRILAIMIOW ......cooiiiiiieeee e o b 9
Bellmouth Total Pressure DiStortion ............cceioiiiiiiei e e S0 e siee e b 10
Cell BYPass RaAiO.......cuiiiiiiiiiiiiiiiee ettt s M s e e e e e e e e snrnreeeaeessesnnnsheeeae e s e e sirr e e e e e e e e e e eanneees 10
Cell DEPIrESSION.......veieeeiiiiieeiiiieeeeiieeeseeee e e e N Tttt e e sttt e e snseeeessnnneeesnnnseessnneheeesnnteeessneeeessneeeeeenees 11
GENERAL TEST CELL REQUIREMENTS AND;GOALS .......oooiiiiiieeiieee e 11
CONCULUSIONS ... 5 ettt e e e s srre e e st h e e e e e e e e e s eare e e e 12
N[O I oo o SR SRR 12
AV ] To] TN [T [T=1 o U S 12
AIRFLOQW EQUATIONS . ittt eete e seee e stee e e s steeeessnteeeessntaneessnsnneeshoseeeesnseeeessseeaesanseeeeans 13
General design concepts’for an engine test cell for a large, high-bypass turbofan gngine.......................... 7
Bellmoyth-ingestedwortex formation results as a function of cell bypass ratio as

determiped from\video tape records of flow visualization (from reference 2.1.2)....}cccccceiiiiiiiiiiieeiiiiin, 11



https://saenorm.com/api/?name=7bb68f884923649dcedf5d5d706fede0

SAE INTERNATIONAL

AlIR4869™B

Page 3 of 13

1. SCOPE

This SAE Aerospace Information Report (AIR) has been written for individuals associated with the ground-level testing of
large and small gas turbine engines and particularly for those who might be interested in upgrading their existing or acquiring

new test cell facilities.
1.1 Purpose
There are several purpo

a.

ses served by this document:

engine testing applications.

c. To consider acousti
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The following parameters, abbreviations, and subscript notations are used in this report:
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Temperature
Velocity

Airflow Rate

Cell Bypass Ratio

Ratio of Specific Heats

2.2.2 Abbreviations

AlAA

AGARD

BM

FC

ft/s

L/D

m/s

rpm

223

amb

avg

BF

BM

Dist

ENG

FC

flow

max

min

Subscripts

American Institute of Aeronautics and Astronautics

H £ £ A D L (-t 1 -
Advisory-GroupforAerospace Researchand-Bevetopment

Bellmoyth

Front Cgll

Feet per Second
Length-{o-Diameter Ratio
Meters per Second

Revolufions per Minute

Ambient Condition
Average
Cell Bypass Flow
Bellmoyth
Distortion

Engine

Front Cett

Flow Function
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Minimum

Static

Total
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3. TECHNICAL BACKGROUND

A ground-level jet engine test cell may be defined as an enclosed structure with an engine mounting mechanism which is
intended to provide conditions for stable, repeatable, and accurate engine performance testing. Turbofan and turbojet
engines operating in a test cell can encounter a number of problems which are directly attributable to the characteristics of
the test cell environment. These problems can be as minor as unsteady engine speed and thrust variations. This leads
directly to increased uncertainty about other engine performance measurements, since many engine performance
parameters are referenced either to engine inlet conditions at the compressor or fan face, or to the engine rpm. In these
cases, the engine performance is unstable and not repeatable and often can cause an unnecessary test rejection and a
subsequent costly rebuild. In the worst situations, more severe problems such as fan or core stalls may occur and can result
in serious engine damage.

The above problems are generally caused by pressure or temperature distortions arising from aerodynamic characteristics
peculiar to the flow field of the test cell. More specifically, the problems are related to the design of the cell inlet and exhaust

systems and to the cell

by pass rahr\ which-is-theratio-of the-airflow h\lnaeennn the anrunn r\nmnlnl’
|

ly to that which directly

enters the engine inlet ¢
orientation, in engine th
distorted flows with som
in the flow, it is often

engine-ingested vortices

A modern ground-level j
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disturbances. Enclosed
have developed, althoug
thrust families of enging
cells, and more recently
test cell design and atta

As an example of this e
cell region. Previously,

(9.8 m/s) (2.1.5, 2.1.6, 4
of the engine in the cell i
altitude. Combined with
engine performance me
pressures in the cell arg
thrust would be require
small, and either someh
Dealing with such distort
variable porosity flow trdg

r beIImouth When one test cell is used for several types of englnes dlffe
rust levels, in bellmouth inlet flow requirements, and in exhaust tempers
e engines is increased. And although poor cell inlet designs can obviously|

., which should be avoided.

bt engine test cell facility must be able to accommodate-thé larger engines

of engines types with differing thrust levels. Such-a-facility must also f
hality for the operation of the engine, have small errors due to test cel
ent instrumentation inaccuracies, and include better acoustic treatment to

h not as rapidly. Test cell related engine opéerational problems can arise be
s require substantially more cell airflow_than earlier models. Research in
analytical analysis utilizing numerical‘modeling techniques, has assisted
Cked the need for improved engine test facilities (2.1.1, 2.1.2, 2.1.3, 2.1.4,

volutionary change in test cell-design, consider for a moment the velocity
design of guidelines usually;suggested that the front cell velocity prefers
.1.7). The reasoning was that if the airflow velocity in the test cell is signif
5 equivalent to "flying®.the engine at a ram pressure ratio greater than 1.0 a
the fact that there are pressure losses through the cell inlet system, it follo
asurements to, sea level static standard day conditions is greater, since

. The tendency in test cell design was to limit front cell velocities to kee
ow dealwith or mostly ignore and live with the resulting distortions and ing
ions may have involved vortex "destroyers," cross-sectional area modifiers
atment devices, or other similar aerodynamic fixes.

ing in configuration and
tures, the probability of
contribute to distortions

the case that insufficient or low cell bypass flow is primarily{résponsibple for the formation of

bf today's aircraft as well
rovide an aerodynamic

interference effects or
minimize environmental

fest cell design concepts have evolved as turbofan and turbojet engines and their operational needs

cause the newer, higher
olving scale model test
the evolution of engine
2.1.19).

bf the airflow in the front
bly be less than 32 ft/s
cant, then the operation
hd at a somewhat higher
ws that the correction to
both the total and static

depressed. Fhe result was that a somewhat higher or larger ram drag cofrection to the measured

b these corrections very
tabilities in the cell flow.
(2.1.17), "horse collars,"

Scale model test results, reinforced by a number of full-scale operational experiences (2.1.8, 2.1.9), have shown that the
benefits of higher front cell flow velocities now outweigh the desire for a negligible effect due to front cell flow on cell
correction factors. The specification of a very large cell size or a limit on the velocity levels in the front cell is unnecessary
for accurate cell factor determination. Designing a test cell with such a specification does not take into account the adverse
impact of the possibilities of airflow recirculations, unstable engine operation, bellmouth flow distortions, or vortex formation
and ingestion. With available analytical methods and up-to-date pressure, temperature, and force measurement
instrumentation, cell factor corrections to measured engine thrust and other measured performance parameters can be
determined with great accuracy and confidence. In exchange for a somewhat larger but more accurately known cell factor
correction, the problems which can potentially be produced by low cell bypass flows are completely avoided and no front
cell or test chamber aerodynamic fixes are necessary when a high cell bypass design philosophy is followed.
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4. TEST CELL SYSTEM DESIGN CONSIDERATIONS

Generalized design concepts or features for an engine test cell to accommodate a large, high-bypass turbofan engine are
shown in Figure 1. It should be noted that the configuration in the figure is not necessarily an optimum one, but rather it is
intended only to illustrate the major features of an engine test cell. The major structural elements or sections of the cell are
the inlet plenum, the test chamber, the augmentor/diffuser or exhaust collector, and the exhaust stack. Each must be tailored
for its specific function and at the same time be compatible with the other elements to achieve proper aerodynamic and
acoustic performance of the entire test cell system. Each will be described in terms of its purposes and functional
considerations.

[TTT

Inlet Plenum Test Chamber Augmentor  Exhaust Stack

Figure 1 - General design concepts for an engine test cell
for a large, high-bypass turbofan engine

4.1 Inlet Plenum

The primary purpose of
test chamber. Secondar
to isolate the test chamb
are pressure drop screq
and silencer baffles. A

the inlet plenum or system is to provide a fully uniform, quality flow of air in
y purposes are to control the propagation of\noise which emanates from th
er from the effects of crosswinds. The components which are generally useg
ns, turning vanes for vertical inlet stacks' with a 90 degree bend, and ac
ertical inlet stack with its 90 degree-bend and turning vanes provides bo

sufficient quantity to the
b front of the engine and
in test cell inlet systems
bustic surface treatment
h good acoustic control

and a uniform front cell flow while isolating the test chambeérfrom the effects of outside winds. For adverse wind conditions,

scale model test result
produced by the use of
inlet system with a gend
and the prevailing ambi
unwanted temperature
debris into the test cha

4.2 Test Chamber

The purpose of the test
services required for thg

5 and full-scale experiences have demonstrated the beneficial insensiti
an "egg-crate" structure in-the-top portion of a vertical inlet stack. A prop|
rous bellmouth-like entrance lip might be used when acoustic requiremen
ent wind conditions downot pose a concern, but a horizontal inlet system
radients in the front-cell flow field and may have a greater potential for all
ber.

chamber is to provide both the mounting system necessary to hold the
operation of the engine. The test chamber contains the engine thrust fram

engine thrust loads, ang

cell supporting equipment such as lift platforms, ladders, engine monorz

ity-to-crosswinds effect
erly designed horizontal
ts are not too restrictive
can sometimes produce
pwing foreign objects or

engine and the various
e, which accommodates
ils, lighting fixtures, etc.

Careful attention must

€ pPdld 10 the desigh oOr the test chamber 10 ellminate or minimizZe proje

tions into the flow field,

particularly into any portion of the flow which ultimately enters the engine bellmouth. Such projections can cause wakes and
distortions in the bellmouth flow and produce unwanted variations in engine speed. These flow disturbances can also
increase the possibility of vortex formation in the vicinity of the engine bellmouth. For this reason, consideration should be
given to those aspects of the test chamber design which affect airflow in the vicinity of the engine to ensure that air is not
recirculating and reingested by the engine. A test chamber cross-section which is reasonably square in shape or nearly
axisymetric is less likely to have regions of recirculating flow than a cross-section which is rectangular in shape. Reingestion
of exhaust gases can produce undesirable temperature distortions in the compressor and adversely affect engine
performance. Recirculating flow in the vicinity of the engine can adversely affect the accuracy of the cell factor by increasing
its uncertainty. It is noted that reingestion and recirculation are minimized for test cell designs with sufficient cell bypass flow
and, conversely, are usually the primary factors affecting engine stability in facilities with low cell bypass.
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4.3  Augmentor

The primary purpose of the augmentor or exhaust collector system is to capture the engine exhaust flow so that it may be
directed into the exhaust stack and subsequently out to the ambient atmosphere. Equally important is the secondary or
bypass flow in the test cell. This secondary flow is produced by the ejector pumping action resulting from the interaction of
the engine exhaust flow with the surrounding cell environment. The effectiveness of this pumping action is influenced by a
number of factors, including the engine nozzle/augmentor diameter ratio, the augmentor inlet shape or configuration, the
spacing between the engine nozzle and augmentor entrance, the pressure losses in the exhaust system, and the length of
the augmentor tube or exhaust collector system (2.1.10). Pumping is also somewhat dependent on the alignment of the
engine centerline with the cell centerline and the alignment of the augmentor centerline with the cell centerline. Proper
alignment encourages better cell pumping and can reduce engine inlet flow distortions to their lowest possible value.

The length of the exhaust collector influences the degree to which the extremely hot exhaust gases are mixed with the cell
bypass flow (and/or secondary cooling flow i in those S|tuat|ons where a secondary air |nIet is used in the test cell design). It
is the success of this : is the key to air-cooled
engine test facilities and is partlcularly |mportant for those test cells WhICh must accommodate thh afterburning turbojet
engines as well as the |arge, high-bypass turbofans. To a limited extent, the exhaust collector’is|useful in controlling the

noise which is generated in or near the engine, but it is not able to completely control exhaust jet

the jet noise occurs relafively far downstream from the engine nozzle (2.1.11). The exhaust‘collectof

an exhaust flow which ig as uniform as possible in temperature and pressure at the collector exit.

For air-cooled turbofan jtest cell designs, an exhaust collector length-to-diamefef (L/D) ratio of 4
suggested. Alternatively|, shorter exhaust systems might be employed where)space for augmento
but some means of prgmoting the mixing of the engine exhaust with the:cell bypass flow may &
substantial loss in cell pumping performance.

While a larger, constanf-diameter augmentor is often used to produce the required cell pumping
larger turbofan engines, some careful diffusion of the exhaustseollector flow can produce usef
pumping as well. The choice between a large constant-diameter augmentor and an augmentor/d
the related question of how much augmentor length versus how much diffuser length become i
when the test cell is usgd for a wide variety of engines. This is particularly true when afterburning
the mix of engine types| to be tested in the facility. Thetkey in designing the diffuser section is tg
efficiency while avoidind flow separations. Because-ofthe highly distorted nature of the exhaust col
moderate diffusion angles of up to 3 or 4 degrees.on'the half-angle have been found to perform bett
half-angles nearer to orgreater than the traditionally "optimum" value of 6 or 7 degrees (2.1.12).

There is a consideratior] related to the spacing between the engine exhaust nozzle and the augmsg
the length and diameter| of the augmentor tube itself. The engine position and augmentor tube di
such that the engine fap and core-&xhaust plumes are fully captured within the augmentor tube
engine spacing and thelaugmentoer’'size can be specified so that the engine exhaust plumes inte
section of the augmentor tube’downstream of the entrance flare but before the start of the diffuser, i
blast basket or exhaust stack. Note that the divergent half-angle of the exhaust plume is typ

noise since the peak in
system should produce

0 or greater is typically
I length is not available,
e required to prevent a

needed for the newer,
ul improvements in cell
iffuser combination and
mportant considerations
engines are included in
strive for high diffusion
ector flow, diffusers with
er than those with larger

entor entrance lip and to
eter must be specified

a
. ﬁnis also beneficial if the

rsect with the cylindrical
f present, or the exhaust
ically considered to be

7.5 degrees, unless oth¢rwise specified by the engine manufacturer.

4.4 Exhaust Stack

One purpose for the exhaust stack is to direct the hot exhaust gases up and away from ground levels. A second purpose is
to reduce sound levels outside the test cell. The exhaust stack normally includes a flow redistribution device by which the
flow is redirected from the augmentor/diffuser system into the stack and upwards through an acoustic silencer package at
the stack exit. The combination of the flow-redistribution device and a stack-top acoustic silencer package controls the
resonances and noise within the stack and results in achieving the desired sound levels outside (2.1.11, 2.1.13). Some
exhaust stack sizing considerations may arise from limits placed on both the uniformity of the velocity distribution and the
maximum velocity permitted at the stack exit plane. Limits on the maximum velocity would be due to attempts to control
self-generated noise produced by the stack exit flow. In addition, other local regulatory issues may have to be considered
in the design of the exhaust stack.
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5. FACTORS FOR EVALUATING TEST CELL PERFORMANCE

Some of the more important factors which must be considered in the development of designs leading to desired engine
operational stability, acoustic performance, and mechanical integrity are described. Many of these factors can be expressed
in terms of measured or calculated parameters which are often used to quantify and evaluate the performance of the various
engine test cell configurations. A generally accepted method of calculating the value for each parameter is also given.
Values that are considered acceptable are presented in Section 6.

5.1  Front Cell Velocity Distortion

The front cell velocity distortion factor or index, calculated from a grid of velocity measurements in a test cell plane upstream
of the engine inlet or bellmouth, can be used as a general indicator of test cell airflow uniformity or quality. A typical minimum
grid spacing might be a matrix of 5 x 5 measurement locations, or a total of 25 points located at the centers of equal areas.
The velocity measurement plane should be located about three or four bellmouth throat diameters in front of the bellmouth
entrance plane, yet not es in the inlet system or
front cell region. A locat pw-straightening screen
might also be chosen. T

tna cloce to-anv cilancar hafflac Ar floaw aanAitianina canrann aorinnart fram
to0—C1oSE10ahy—SheheeroathesS—ot
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ion in the front cell which is midway between the bellmouth and the lastfl
he velocity distortion parameter is defined as follows:

Dist

Vmax B Vmin
\Y,

avg

FC (Eq. 1)
where:

FCoist = front cell ve|ocity distortion index
Vmax = maximum velocity anywhere in the velocity measurement gird
Vmin = minimum velacity anywhere in the velocity measurement grid
Vavg = average fronff cell velocity
5.2  Front Cell Airflow

The front cell airflow is the amount of air flowing through the test cell in the region in front of the engjne bellmouth. Normally,

it is the amount of airflo
same grid of velocity m
measurement plane is 4§
near to but usually sligh
The front cell airflow is

v entering the test cell through the cell inlet. The front cell airflow rate can
casurements used (to)measure the front cell distortion, so long as the cro
ccurately known\and a proper flow coefficient value is applied. The flow
tly less than unity which adjusts the physical cross-sectional area value to
alculated asdfollows:

Pec

W R VFCAFCCdFCg

FC

be determined from the
ss-sectional area at the
coefficient is a multiplier
an effective area value.

(Eq. 2)

FC

where:

Wec = front cell airflow rate

prc = front cell static pressure

Trc = front cell static air temperature

Vec = average front

cell velocity

Arc = front cell cross-sectional area

Cdrc = front cell flow coefficient
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5.3 Bellmouth Total Pressure Distortion
The engine bellmouth steady state total pressure distortion index is a distortion parameter used to identify the relative
severity of the engine inlet airflow field at the engine fan face. An array of several rakes instrumented for total pressure
measurement, with several probes or immersions per rake, should be used to quantify the total pressure distribution at the
measurement plane. A typical instrumentation arrangement might consist of eight such rakes with five immersions per rake.
The distortion index is defined as follows:

_ pmax B pmin

Dist
p avg

BM (Eq. 3)

where:

ressure distortion-index

BMpist = bellmouth

Pmax = Maximum total pressure measured in the fan face

Pmin = Minimum tota| pressure measured in the fan face

pavg = average face ftotal pressure

Other useful inlet flow di 0 considerations for inlet

total pressure distortion

stortion descriptors are defined and discussed in Reference 2.1.14. Detaile
for gas turbine engines are presented in Reference 2:1.15.

5.4 Cell Bypass Ratio

Cell bypass ratio is defi
bellmouth. The cell byp
aerodynamic characteri
or not bellmouth-ingests

ned as the ratio of the airflow passing argund the engine bellmouth to the
ass ratio is perhaps one of the moredmportant cell performance param
stics of a test cell. In combination with the front cell velocity distortion, this
d vortices will form. It is easily expressed in terms of the front cell flow and

airflow entering into the
eters for describing the
atio determines whether
the engine flow, i.e.:

WFC B WENG

Cell Bypass Ratio = a = (Eq. 4)
Were
where:
Wec = front cell airflow
WEeneG = engine airflgw

The engine airflow is th¢ amount of air flowing into the engine through the bellmouth or engine inl¢t. Information regarding
the determination of engine airflow may be obtained from the engine manufacturer. The engine airflow may also be
calculated using the equations given in Appendix A.

The relationship between cell bypass ratio and vortex formation has previously been examined in a model study. Figure 2,
taken from Reference 2.1.2, shows how vortex formation is related to cell bypass ratio. The data in Figure 2 show that
vortices do not form when the cell bypass ratio is greater than 0.80 for square cross-section test cells. Front cell velocity
distortion was held constant at approximately 30% during the vortex formation study. It should be expected that the minimum
cell bypass ratio to preclude vortex formation is correspondingly higher for test cells which have higher values of front cell
velocity distortion.


https://saenorm.com/api/?name=7bb68f884923649dcedf5d5d706fede0

	1.  scope
	1.1 Purpose

	2. references
	2.1 Applicable Documents
	2.1.1 Karamanlis, A. I., Sokhey, J. S., Dunn, T. C., and Bellomy, D. C.: "Theoretical and Experimental Investigation of Test Cell Aerodynamics for Turbofan Applications," AIAA Paper No. 86-1732, Paper presented to the AIAA/ASME/SAE/ASEE 22nd Joint Pro...
	2.1.2 Freuler, R. J., and Dickman, R. A.: "Current Techniques for Jet Engine Test Cell Modeling," AIAA Paper No. 82-1272, Paper presented to the AIAA/SAE/ASME 18th Joint Propulsion Conference, Cleveland, Ohio, June 21-23, 1982.
	2.1.3 Karamanlis, A. I., Freuler, R. J., Lee, J. D., Hoelmer, W., and Bellomy, D. C.: "A Universal Turboshaft Engine Test Cell - Design Considerations and Model Test Results," AIAA Paper No. 85-0382, Paper presented to the AIAA 23rd Aerospace Sciences...
	2.1.4 Grunnet, J. L., and Ference, E.: "Model Test and Full-Scale Checkout of Dry-Cooled Jet Runup Sound Suppressors," AIAA Paper No. 82-1239, AIAA/SAE/ASME 18th Joint Propulsion Conference, Cleveland, Ohio, June 21-23, 1982.
	2.1.5 "Gas Turbine Engine Test Cell Correlation," SAE Aerospace Recommended Practice ARP741, Society of Automotive Engineers, Warrendale, Pennsylvania, Issued March 1976, Reaffirmed October 1982. (Note: This ARP was revised and reissued as ARP741 Revi...
	2.1.6 Oran, F. M., and Schiff, M. I.: "Design of Air-Cooled Jet Engine Testing Facilities," Industrial Acoustics Company, Bronx, New York, 1979.
	2.1.7 Ashwood, P. F., et al.: "Operation and Performance Measurements on Engines in Sea Level Test Facilities," AGARD Lecture Series No. 132 (AGARD-LS-132), Advisory Group for Aerospace Research and Development, North Atlantic Treaty Organization, Neu...
	2.1.8  Freuler, R. J.: "An Investigation of Jet Engine Test Cell Aerodynamics by Means of Scale Model Test Studies with Comparisons to Full-Scale Test Results", Ph.D. Dissertation, The Ohio State University, Columbus, Ohio, December 1991.
	2.1.9 Freuler, R. J.: "Recent Successes in Modifying Several Existing Jet Engine Test Cells to Accommodate Large, High-Bypass Turbofan Engines," AIAA Paper No. 93-2542, Paper presented to the AIAA/SAE/ASME/ASEE 29th Joint Propulsion Conference, Monter...
	2.1.10 MacLeod, J. D.: "A Derivation of Gross Thrust for a Sea-Level Jet Engine Test Cell," Division of Mechanical Engineering Report No. DM-009, National Research Council Canada, Ottawa, Ontario, 1988.
	2.1.11 Bryan, J. J.: "Turbofan and Turbojet Engine Test Facilities Exhaust System Low Frequency Noise and Infrasound," Engineering Report, General Electric Engine Facility Design Center, Cincinnati, Ohio, September 20, 1985.
	2.1.12 Karamanlis, A. I., and Pucher, S.: "Strother/Kansas CFM56/F110 GE Test Facility Scale Model Test," General Electric Technical Memorandum, TM No. 85-334, GE Aircraft Engines, Cincinnati, Ohio, July 1985.
	2.1.13 Dickman, R. A., Hoelmer, W., Freuler, R. J., and Hehmann, H. W.: "A Solution for Aero-Acoustic Induced Vibrations Originating in a Turbofan Engine Test Cell," AIAA Paper No. 84-0594, Paper presented to the AIAA 13th Aerodynamic Testing Conferen...
	2.1.14 "Gas Turbine Engine Inlet Flow Distortion Guidelines," SAE Aerospace Recommended Practice ARP1420, Society of Automotive Engineers, Warrendale, Pennsylvania, Issued March 1978, Reaffirmed May 1991.
	2.1.15 "Inlet Total Pressure Distortion Considerations for Gas Turbine Engines," SAE Aerospace Information Report AIR1419, Society of Automotive Engineers, Warrendale, Pennsylvania, Issued May 1983.
	2.1.16 Freuler, R. J. and Montgomery, K. A.: "Reducing Large Pressure Fluctuations in an Engine Test Cell by Modifying the Exhaust Blast Basket End Configuration," CEAS/AIAA Paper No. 95-128, Paper presented to the First Joint CEAS/AIAA Aeroacoustics ...
	2.1.17 “Inlet Airflow Ramps for Gas Turbine Engine Test Cells,” SAE Aerospace Information Report AIR5306, Society of Automotive Engineers, Warrendale, Pennsylvania, Issued July 2000.
	2.1.18 “Frequency-Weighting Characteristic for Infrasound Measurement,” ISO 7196:1995.
	2.1.19  “Numerical Modeling Techniques for Jet Engine Test Cell Aerodynamics,” SAE Aerospace Information Report AIR6355, Society of Automotive Engineers, Warrendale, Pennsylvania, Issued March 2019.

	2.2 Symbols and Abbreviations
	2.2.1 Parameters
	2.2.2 Abbreviations
	2.2.3 Subscripts


	3. technical background
	4. test cell system design considerations
	Figure 1 - General design concepts for an engine test cell for a large, high-bypass turbofan engine
	4.1 Inlet Plenum
	4.2 Test Chamber
	4.3 Augmentor
	4.4 Exhaust Stack

	5. factors for evaluating test cell performance
	5.1 Front Cell Velocity Distortion
	5.2 Front Cell Airflow
	5.3 Bellmouth Total Pressure Distortion
	5.4 Cell Bypass Ratio
	Figure 2 - Bellmouth-ingested vortex formation results as a function of cell bypass ratio as determined from video tape records of flow visualization (from reference 2.1.2)

	5.5 Cell Depression

	6. general test cell requirements and goals
	7. conclusions
	8. NOTES
	8.1 Revision Indicator


