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1. SCOPE

This SAE Aerospace Information Report (AIR) developed by a broad cross section of personnel from the aviation industry
and government agencies is offered to provide state-of-the-art information for the use of individuals and organizations
designing new or upgraded turboshaft engine test facilities.

1.1 Purpose

a. To provide guidelines for the design of state-of-the-art ground-level enclosed test facilities for turboshaft engine
testing.

b. To address the major test cell engine load absorption device physical, aerodynamic and acoustic characteristics
which can influence operation, performance, accuracy and stability of an engine under test.

c. To consider acoustic-andenvironmmentateffectsand-methodstocontrot-them:

2. REFERENCES

2.1 Applicable Documents

The following publicatio
shall apply. The applica
event of conflict betwd
precedence. Nothing in
has been obtained.

ns form a part of this document to the extent specified herein. The latest is
ble issue of other publications shall be the issue in effect'on the date of th

this document, however, supersedes applicable laws and regulations unlg

‘e Series Number 132(AGARD-LS-132), Advisory Group for Aerg
orth Atlantic Treaty Organization, Neuilly Sur Seine, France, 1984.

ARFARE CENTER AIRCRAFI DIVISION, PATUXENT RIVER, MARYL
chnical Report SY50-91-005 March 1991, “TECHEVAL of A/F37T-16(V
.

, Freuler, R.J., Lee,&:D., Hoelmer, W., and Bellomy, D.C.: “A Universal
Considerations apd-Model Test Results”, AIAA Paper Number 85-0382,
pace Sciences\Meeting, Reno, Nevada, January 1985.

Congressyon the Environmental Protection Agency-Department of T
Emissions and Their Control from Uninstalled Aircraft Engines on Enc
.

sue of SAE publications
e purchase order. In the

en the text of this document and references cited“vherein, the text ¢f this document takes

Ss a specific exemption

et al.: “Operation and Performance Measurements on Engines in Sea Level Test Facilities”,

space Research and

AND, Support Systems
1 Test Facility”, MCAS

Turboshaft Engine Test
Paper presented to the

ransportation Study of
osed Test Cells, dated

Bt EvaliiatinnN/amfinatinn Tachniaal DAanart 401 QE N27 10 (Ot 1
Tt et poOt—4 oo v 9ot

95, Techeval of Multi-

a
et varootror- v e rirocTtroT =

Cabability Turboshaft/Prop Engine Test Facility Complex, A/F37T-16(V) 1, 2 and A/F37T-19(V) 2, 3.

NAVAL AIR WARFARE CENTER AIRCRAFT DIVISION, PATUXENT RIVER, MARYLAND, Support Systems

Department Technical Report, Letter Report KS90037SY, October, 1990, “Development Tests of A/F37T-16(V)3

2.1.1 Ashwood, P.F.,
AGARD Lectu
Development, N

2.1.2 NAVAL AIR W
Department, T¢g
Tustin, Californi

2.1.3 Karamanlis, A.l
Cell -- Design
AIAA 23" Aeros

2.1.4 Joint Report tq
Nitrogen Oxide
September 199

2.1.5 Support Equipr

2.1.6
Test Facility”, M

2.1.7

CB Camp Pendelton, California.

NAVAL AIR WARFARE CENTER AIRCRAFT DIVISION, PATUXENT RIVER, MARYLAND, Support Systems

Department Technical Report, Letter Report 13600 SY53J/662, January 1993, “Technical Evaluation of A/F37T-

16 1,2,3 Engine

Test Facilities”, MCAS Futenma, Okinawa.
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2.2

Symbols and Abbreviations

The following parameters, abbreviations and subscript notations are used in this document.

ats (= Cp/Cv, where Cp is the specific heat of air at constant pressute,-an
t volume)

American Insfjitute of Aeronautics and Astronautics

p for Aerospace Research and Development

damage

ment manufacturer
r minute

d Cv is the specific heat

2.2.1 Parameters
A cross-sectional area
Cyq flow coefficient
g gravitational constant
M Mach number
P pressure
R gas constant
T temperature
\% velocity
W  airflow rate
o cell bypass ratio
v ratio of specific hd

of air at a constan
2.2.2 Abbreviations
AIAA
AGARD Advisory Grol
BM bellmouth
ENG engine
FC front cell
FOD foreign object|
ft/s feet per second
L/D length-to-diameter ratio
m/s meters per second
OEM original equip
rpm revolutions pd
SHP Shaft Horse Hower
TOR Torque
2.2.3 Subscripts
amb  ambient conditipn
avg average
Dist distortion
flow  flow function
max  maximum
min minimum
S static

t

total
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3. TECHNICAL BACKGROUND

A ground-level turboshaft engine test cell may be defined as an enclosed structure with an engine and load absorption
device mounting mechanism which is intended to provide conditions for stable, repeatable and accurate engine
performance testing. Turboshaft 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 SHP variations that lead 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 to the engine rpm,
Reference 2.1.1. In these cases, the engine performance is unstable and not repeatable and often can cause an
unnecessary test rejection and subsequent costly rebuild. In the worst situations, more severe problems such as
excessive turbine inlet temperatures and stalls may occur which can result in serious engine damage and catastrophic
failure.

The above problems are generally caused by pressure or temperature distortions arising from aerodynamic

characteristics peculiar
absorption device, cell i
engine to that which di
action of the engine exH

extracts most of the waork from the hot gas. In some test cells inlet, exhaust or cell.&xtractor

increase the bypass flo
one test cell is used fo
flow requirements, and
designs can obviously d

responsible for distorted flow and the recirculation of exhaust gas to thesengine intake which sh

one of the most comm
recirculation.

A modern ground-level
differing SHP levels. Su
engine, have small err
treatment to minimize e
air pollution standards
Nitrogen Oxide (NO,), d

4. TEST CELL SYSTH

General design concepf
and 3. It should be nots
only to illustrate the ma]
inlet plenum, the test ch

air dynamometer equipped c€ll an associated exhaust system for the dynamometer. Each must b

function and at the sa

otha flow finld Af tha tact anll Mara cnnasificallhy tha Arallame ava ralatad

Ot Tovy e TO O tiic T St CC T Iviorc—SpT ooty thCproorec oo oottt

hlet and exhaust systems and the cell bypass ratio, which is the ratio oft
fectly enters the engine inlet or bellmouth. Cell bypass air is generated
aust velocity in the augmenter tube. In some cases this ejector is.very wg

v and evacuate heat build-up. This can sometimes be described as “for
several types of engines differing in configuration/orientafion, engine SH
exhaust temperatures, the probability of distorted flows\NS increased. And
ontribute to distortions in the flow, it is often the case that insufficient cell

on aerodynamic problems is an unacceptable~inlet temperature profile

urboshaft engine test cell must be able tosaccommodate a wide range or
ch a facility must also provide an aerodyhamic environment of good quality
brs due to test cell interference effects and instrumentation inaccuracie
hvironmental disturbances. The facility may also have to include features f
ecognizing the limitations of @xisting gaseous emission control technolo
scussed further in 4.5.

M DESIGN CONSIDERATIONS

S or features far an’engine test cell to accommodate turboshaft engines ar,
d that the configurations in the figures are not necessarily optimum ones,
or features.of such engine test cells. The major structural elements or se
amber, the’engine augmentor/diffuser or exhaust collector, an exhaust s

o the design of the load
he airflow bypassing the
by the ejector pumping
ak as the power turbine
ans may be needed to
ed entrainment”. When
1P level, bellmouth inlet
although poor cell inlet
bypass flow is primarily
ould be avoided. Often,
as a result of hot gas

mix of engine types with
for the operation of the
5, and include acoustic
pr compliance with local
gy especially related to

e shown in Figures 1, 2,
but rather are intended
ctions of the cell are the
ack and in the example
e tailored for its specific

me time be compatible with the other elements to achieve proper aer

pdynamic and acoustic

performance of the entine test cell system. Each will be described in terms of its purpose and functional considerations.

The design of turboshaft engine test cell inlet and exhaust systems is obviously of basic significance. However, a third
basic element that affects the facility design is the load absorption device that enables the turboshaft engine to develop its
rated power during sea level testing. While the airflow through a test cell is a direct function of the inlet and exhaust
system designs, the flow field is significantly affected by the load absorption device type, configuration and mounting
position.
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The turboshaft test cell bypass ratio is critical to aspirating the heat buildup in the test chamber that results from heat
radiating from the engine, load absorption device and associated exhaust ducting for each. Because the exhaust energy
from a turboshaft engine is low the ejector pumping action of the exhaust system is sometimes not adequate to evacuate
the test chamber. The best method of achieving acceptable bypass ratio is with the use of extractor fans that can be fitted
in the intake, exhaust systems or cell (including roof), depending on the configuration or nature of the problem, such as
cell ventilation or hot gas re-circulation/re-ingestion by the engine. One favored method is to place extractor fans
symmetrically about engine center line in the test cell rear wall such that ambient air flow can be encouraged through the
test cell in a preferred axial flow path to create a higher bypass flow as an artificial “forced entrainment” that is capable of
expelling unwanted hot air or gas (see Figure 3). When doing this, every effort should be made to avoid any adverse
effects on radial engine intakes, air dynamometers or engines with left or right hand off-set exhaust nozzles, e.g., T58 &
Gnome. Typically, if creating such artificial entrainment, the extractor fans should be optimized such that the air flow

velocity is no more than

4.1 Inlet Plenum

3 m/second (10 feet/second).

The primary purpose o
chamber. Secondary pu
isolate the test chambsg

f the inlet plenum or system is to provide a uniform flow of air incsuffic

r from the effects of crosswinds. In some situations it may befdesirablg

ent quantity to the test

rposes are to control the propagation of noise which emanates fromjthe font of the engine and to

to heat the inlet air to

minimize the effect of very cold ambient temperatures. Also, for certain engines there ‘is'a requirement that the inlet air be

cooled to near standar
conditions should be co

Erosion resistant concré
that all mechanical co
damage (FOD) potenti
inspections.

The components which
for vertical inlet stacks

its 90 degree bend scr
isolating the test chamQi
results and full-scale ex|

effective in turboshatft t
are not too restrictive
system can have a gre
might be more suscepti
need for an expensive
engines because of the
screens. A cost/benefit
design phase.

of an “egg-crate” struciu

d day temperature when operating at high ambient tempeératures. In a
nsidered when selecting a site and orienting a test cell,

bte should be used in “brick and mortar” designed\test cell inlets. The inlg
hponent connections are secured with captivesnuts, bolts, pins, etc., t
pl. The design should provide relatively easy access to the entire in

are generally used in test cell inlet systems are screens to enhance unif
vith a 90 degree bend, acoustic surface treatment and silencer baffles. A
bens and turning vanes provides-both good acoustic control and a unifg
er from the effects of outsidecwinds. For adverse wind conditions, thrust
periences have demonstrated'the beneficial insensitivity-to-crosswind effe
re in the top portion of a vertical inlet stack. This, or the use of scre
st cells. A properly designed horizontal inlet system might be used whe
nd the prevailing.@ambient wind conditions do not pose a major conce
hter potential for ‘allowing foreign objects or debris into the test chamber.
ble to crosswind ‘effects than a vertical inlet and require some acoustic tre
vertical inlet{stack and turning vanes. The FOD hazard potential is lesg
low airflow-forward of the intake relative to thrust engines and is further n
analysis-of the vertical vice horizontal inlets is certainly worth considerin

ny event, ambient wind

bt design should ensure
b reduce foreign object
et to facilitate periodic

orm flow, turning vanes
vertical inlet stack with
rm front cell flow while
engine scale model test
cts produced by the use
bns, would probably be
N acoustic requirements
n but a horizontal inlet
While a horizontal inlet
atment, it eliminates the
severe with turboshaft
inimized with the use of
g during the conceptual

Fundamentally, the inlet stack should always be lower than the exhaust stack of a test facility. This is for two reasons.
Firstly, the natural static pressure draw of flow through the test cell (chimney effect) should always be towards the
exhaust. Secondly, when testing in a tail wind it should not be possible to re-ingest exhaust gas from the exhaust stack.

When testing turbo-shaft engines with fixed inlet duct arrangements and packages, such as marine and industrial
applications, every effort should be made to re-create the reference datum conditions and not change the inlet profiles or
static pressure loss characteristic.
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FIGURE 1 - AIR DYNAMOMETER EQUIPPED TEST CELL
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https://saenorm.com/api/?name=f6218bafd89347deb075b388b1787c88

SAE INTERNATIONAL

AIR4989A Page 10 of 18

4.2 Test Chamber

The purpose of the test

chamber is to accommodate an engine and load absorption device mounting system and auxiliary

equipment to support engine operation with adequate work space on all sides. There are a number of different types of
load absorption devices such as water brakes, electric brakes and air dynamometers which are described in 4.4. These

are generally close coup

into the engine inlet wh
brakes are satisfactory

led to the engine and have the potential to cause vortices and excessive heat to the air flowing
ich must be given adequate consideration during design efforts. While water brakes and electric
for use in OEM and fixed base overhaul and service facilities; they have not been useable at

remote test sites because of the lack of adequate water or electrical services needed for stable load application. The U.S.
Army and Navy field experience with these types of devices was not successful in past years but some closed loop
designs, are in use and effective. Air dynamometers were developed and are successfully employed by the Army and

Navy for both open air

and enclosed test systems after overcoming some difficulty with the dynamometer exhaust spill-

over ingestion into the engine. Full scale tests in three differently configured enclosed test cells at three different Navy
locations have shown that exhaust baffle de5|gns that vector the dynamometer exhaust sufﬂmently into the dynamometer

exhaust stack correct thi

should be expelled exte

As in the inlet section
trays/supports should bj
hazards. The floor of

fuel/oil/water accumulation that would become fire, personnel and environmental_safety hazards.

should be free of any g
very clear views from th

The ancillary service

e
etc. can also cause di%:

recessed, or located ex

The positioning of the e
position, length and cor
chamber that may be
dynamometers, positior]
might correct this cond
dynamometers and eng
exhaust airflows of air (
effects may cause unsf
torque indications.

Extractor fans can also

favored way of doing slich using.extractor fans fitted to the test cell rear wall symmetrically posi

center line to help prody

am (from water coollng)

all mechanical connection designs should be captive types. jnstrum
e designed to avoid interfering with bypass air flows and/or becoming HOD or personnel safety
the test chamber should incorporate a fuel, oil, water separator drgin system to eliminate
The entire floor area
d a method to provide
jine operations.

rotrusions that could be tripped on. The design shouldinclude lighting a
P control room of the entire engine and all umbilical egnnections during en

uipment such as lights, pumps, plumbing, fireg extinguishing equipment,
orted airflows and generate unwanted heatdn the chamber and should
ernally when practical.

engine starting system
be kept to a minimum,

hgine and load absorption device in the“test chamber is also significant because it can dictate the
figuration of the engine and air dynamometer exhaust ducts which radiaje unwanted heat in the
ingested into the engine. Altheugh not always possible due to the need to floor mount
ing the engine symmetricallyin the test cell is considered good practige. A high bypass flow
ition but excessively high~bypass flow can have an adverse effect on|the performance of air
nes with offset exhaust ducts as cited in Section 4. The high bypass flow nay also affect inlet and
lynamometers and influence exhaust back pressure in engines with offsg¢t exhaust ducts. These
able engine operation high turbine inlet temperatures and erroneous erjgine and dynamometer

be considered to improve test cell aerodynamics as described in Section|4. Figure 3 highlights a
lioned about the engine

ce higher bypass flows and artificial “forced entrainment”.

4.3  Augmentor/Diffus

i

The primary purpose of

the augmentor/diffuser 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 its effect on
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 in the augmentor and the test chamber airflow. The effectiveness of this
pumping action is influenced by a number of factors including the engine nozzle/augmentor relative positions, diameter
ratio, the augmentor shape/configuration/entrance, the pressure losses in the exhaust system, and the length of the
augmentor tube or exhaust collector system (Reference 2.1.3). In some cases such as when a new engine model test is
required it may be necessary to employ an inlet, exhaust or cell extractor fans to provide adequate bypass flow through

the primary chamber as

described in Section 4.
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The area/axial distance relationship of the engine exhaust pipe to the augmenter collector duct may be critical in
achieving a balanced performance that is not affected by either engine performance or power turbine re-matching relative
to a reference datum. One method to help quantify and optimize this is to use static pressures fitted to both the engine
exhaust pipe external and internal walls (circumferentially). The external static’s give a measure of ejector effectiveness
and the internal static’s a measure of residual energy left in the exhaust gas. The latter will either provide a means to
optimize the configuration relative to reference datum, or help understand why there is a difference and hence, justify the
use of an appropriate correction factor. It is recommended that the test facility augmenter collector duct is telescopic, and
hence adjustable to enable possible optimization of the axial gap.

The length of the exhaust collector influences the degree to which the extremely hot exhaust gases are mixed with the
cell bypass flow. It is the success of this mixing process, combined with the availability of sufficient cooling air that is the
key to air-cooled engine test facilities exhaust system durability.

Recent experience with enclosed Navy turboshaft eng|ne test cells has shown the need for an augmentor area to engine

exhaust nozzle area raf
chamber inlet flow and

air dynamometers. Pro
shape of the augmentd

radiates a significant ampount of heat and should be kept as short, within the test chambeér; as prag

an adequate diffusion/
asymmetrical heat disti
uniform as possible in te

Mechanical connection
reasonable maintenanc
this area to facilitate ins
4.4 Load Absorption |
There are many types o
dynamometers, and in t
4.4.1 Air Dynamomet
Air dynamometers are

measuring device/syste
volume control shroud
pumps, plumbing, heat
etc. The test cell oper

decrease the load resp
air dynamometer that in

0 d|SS|pate radlated and or exhaust heat from the eng|ne and Ioad absor
ber design is also a function of engine nozzle exit to augmentor entrar
r and flow resistance in the exhaust stack. Also the test cell engine ¢
mix of engine exhaust gases and bypass air to preclude ‘damage to
bution, (hot spots). The exhaust collector system should(produce an e
mperature and pressure at the collector exit.

5 should be made with captive devices or welds where appropriate
b practices. The design should provide easy aceess and adequate electric
pbection and repair work.

Devices

f load absorption devices as stated-in 4.2. The most commonly used are W
ne U.S. military, air dynamometers; which are described in the following pa

brs (See Figure 1)

pasically air pumps/compressors mechanically coupled to the engine by
m is included in the design. The air dynamometer consists of a housin
and its stepper. motor and chain drive. Air dynamometer designs elimin
exchangers,.extensive electrical wiring, load banks, reduction gear boxe
htor applies<oads to the engine by opening and closing the shroud a
bctively. Since some engine tests require very rapid changes in engine lo
corpotates the required capability.

4.4.2 Water Brakes (4

reasonably stable test
btion devices, especially
ce spacing, length and
\ugmentor/exhaust duct
tical while still providing
exhaust systems from
haust flow which is as

that will not preclude
Al service and lighting in

ater brakes and electric
\ragraphs.

h torque shaft. A torque
), rotor, measurable air
ate the need for fluids,
5, water cooling towers,
ssembly to increase or
ad, be sure to select an

bee’Figure 2)

As the name implies water is used as the load/energy transfer medium. This is usually accomplished by water exchange
between a rotor and stator assembly, either airfoil, cup shaped or flat plate. The load application is obtained by controlling
the water flow through the water brake and includes some sort of cooling system. The water system may be open or
preferably closed loop. Most water brake systems include a torque/SHP measuring system. Some systems resort to
inertia flywheel to simulate helicopter rotor or propeller loads. Ambient weather conditions should also be considered
when designing water dynamometer systems. Cold climates may dictate that the water supply be placed inside the cell
rather than outside due to concerns about freeze protection.

4.4.3 Electrical Load Banks (See Figure 3)

Another common load absorption device is the electrical load bank. In this system the load is absorbed by an electric
generator that is connected to a resistive load bank. Power absorption is varied by changing the resistive load on the
generator. In general this configuration would require a reduction gearbox between the engine under test and the
generator. Also, air cooling is required for the load bank.
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4.4.4 Eddy Current Dynamometers

Eddy current dynamometers are also used to test turboshaft engines. They operate in the following manner: Controlling
the electromagnetic coupling between the driven rotor and adjacent stator develops a retarding torque in the rotor and a
reaction torque in the stator.

The retarding torque is proportional to the strength of the eddy current fields and is controlled by adjusting the excitation
current in the field coil. The reaction torque can be measured by trunnion mounting the stator and connecting a load cell
to ground. A water cooling system is required to dissipate the heat generated by the eddy current. An eddy current
equipped test cell drawing would be similar to Figure 3, the Electric Dynamometer equipped test cell, except that load

bank would be deleted and a cooling tower included.

4.5 Exhaust Stack
The purpose for the ex
and away from the test
performance. Another
include a flow redistrib
stack and upwards thrg
device and an acoustic
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ion device by which the horizontal flow is redirected from the augmentor
bugh an acoustic silencer package at the stack exit. The comhination ¢
Silencer package controls the resonances and noises withinithe stack and
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A\gency and Department
Control from Uninstalled

osed Test Cells” dated September 1994, *Reference 2.1.4. Local noise and emission regulatory
issues still may have t¢ be considered in the design of the exhaust stack and the best availa

ble control technologies

toming loose and being
ncorporate easy access
able access to acoustic

hould be provided. The acoustic panels that are in the exhaust gas pdth especially should be

borate a drain system to
ronmental regulations.

This is for two reasons.
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industrial applications,
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profiles or static pressure loss characteristic.
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4.6  Air Dynamometer Exhaust System

Air dynamometers were developed by the U.S. Navy primarily for open air engine test systems and have been used with
reasonable success for 15 years. The advent of environmental noise issues dictated a need to apply these
dynamometers to enclosed turboshaft test cells, requiring the design of an exhaust system for the dynamometer as well
as the engine. A number of designs were employed that did not adequately capture the air dynamometer exhaust. The
resulting heat buildup in the test chamber was ingested into the engine inlet causing unstable and inaccurate engine
performance. A series of full scale tests were performed, which showed that the dynamometer exhaust was not captured
by the exhaust duct resulting in little or no aspiration flow and consequent dynamometer exhaust flow spill-over into the
test chamber. Exhaust deflector baffles were developed and after a series of tests, (References 2.1.2, 2.1.5, 2.1.6, and
2.1.7) were refined to eliminate the problem. Obviously air dynamometer exhaust duct design must be given major
consideration for the above reason and, as with engine exhaust ducting within the test chamber, the length and number of
angles in the dynamometer ducting should be kept to a minimum to eliminate unwanted radiated heat and facilitate
unrestricted exhaust gas flow. Ideally this exhaust should be ducted either into the main test cell exhaust system or
externally, avoiding re-ingestion-by-the-intake-

5. FACTORS FOR EVALUATING TEST CELL PERFORMANCE

Some of the more impd
operational stability and
measured or calculated
test cell configurations.
5.1 Front Cell Velocity

The front cell velocity
upstream of the engine

typical minimum grid spacing might be a matrix of 5 x 5 meastrement locations, or a total of

centers of equal areas.

in front of the bellmouth entrance plane, yet not too close to any silencer baffles or flow-cong

frames in the inlet systq
last flow-conditioning de

where:

FCvpist = front cell v

rtant factors which must be considered in the development of designs le
acoustic performance are described below. Many of thesecfactors can b
parameters which are often used to quantify and evaluate(the performan
A generally accepted method of calculating the value for:éach parameter i

Distortion

Histortion factor or index, calculated from a @rid of velocity measureme
inlet or bellmouth, can be used as a general indicator of test cell airflow

The velocity measurement plane should’be located about three or four be

m or front cell region. A location if the front cell which is midway betwee
vice might also be chosen. Thevelocity distortion parameter is defined as
FCv.. =\M

Dist V

avg

blocity distortion index

blocity anywhere in the velocity measurement grid

ading to desired engine
e expressed in terms of
Ce of the various engine
5 also given.

nts in a test cell plane
uniformity or quality. A
P5 points located at the
Imouth throat diameters
itioning screen support
h the bellmouth and the
follows:

(Ea. 1)

Vmas = mMaximum v
Vmin
Vayg = average fro

5.2

= minimum velocity anywhere in the velocity measurement grid

nt cell velocity

Front Cell Temperature Distortion

Front cell temperature distortion can be calculated in the same way as velocity distortion is calculated and will indicate the
uniformity of temperature distribution forward of the engine. Temperature measurements can be taken at the same
location as the velocity measurements. The temperature distortion index is defined as follows:

Tmax — Tmi n
T

avg

FCt

Dist —

(Eq. 2)
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where:
FCtpist = front cell temperature distortion index
Tmax = Maximum temperature anywhere in the plane of measurement
Tmin = Minimum temperature anywhere in the plane of measurement
Tag = average front cell temperature

5.3  Front Cell Airflow

The front cell airflow is the amount of air flowing through the test cell in the region in front of the engine bellmouth.
Normally, it is the amount of airflow entering the test cell through the cell inlet. The front cell airflow rate can be

determined from the sw-gmmmmmnmm-memeﬁhmrceﬂ-dW'on, provided the cross-
sectional area at the measurement plane is accurately known and a proper flow coefficieny value is applied. It is
calculated as follows:
W, = 27 VoA, Cd,cg (Eq. 3)
Fc

where:

Wee = front cell airflow rate

Prc = front cell gtatic pressure

Tec = front cell gtatic air temperature

Vec = average ffont cell velocity

Arc = front cell ¢ross-sectional area

Cdec = front cell flow coefficient

R = gas constant

g = gravitatiopal constant,(for imperial unit calculation only)
5.4  Bellmouth Total Pressuré Distortion
The engine bellmouth steady- state total pressure distortion-index-is-used-to-identify the relative severity of the engine inlet

airflow field at the engine compressor 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
requirements for this test are detailed in the engine specification provided by the manufacturer. The distortion index is
defined as follows:

BM. = —ma ' min (Eq. 4)
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