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2.2.

The purpose of this Aerospace Recommended Practi'ce
method of measuring those factors affecting installe
e for helicopter power plants. These factoxs'lare insf

accessory power extraction, and operationaleffects.
ation of these factors is vital in the calculation of
nce as described in the flight manuales) It is intende
herein prescribe and define each factor as well as an

ONS: Factors affecting power available at the engine

PURPOSE:

define 4

availabl

losses,

determin

performg

methods

measuring said factor.

DEFINIT]

are defined as follows:
Installation lLosses:
(a) Ailr intake total pressure loss
(b) BAijr intake total temperature rise
{c) Eghaust gas back pressure
Acéesscry Power Extraction:

1 Gas d

enerator{and/or Power Turbine Accessory Power. Extract

{ARP) is to
1 power
fallation
Accurate
helicopter
1 that the
approach to

output shaft

Lon:

(a)

Accessory pad power, blowers, pumps, compressor, etc.
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3.

2¢242 Compressor Bleed Air Extraction:

(a)

De-Icing, environmental control, etc.

2.3 Operational Effects:

(a)

Power turbine output shaft speed off optimum effects

DISCUSSION:

3.1 Engine ajr—inlet—teotalpressure—loss—is—best—defined—as—that—joss incurred

by the alir flowing from the atmosphere to the front of the-éhfifine compressor
inlet housing. It is normally attributable to friction, 4urbflence,

diffusion and bend losses. TIts effect on net power output is|manifested by
a reducHion in engine mass flow and pressure available at the|power turhine.

A good rjule of thumb for all turbines stipulates/intake total|pressure loss
express as a percentage of the total pressure{ available multiplied by two,
is an approximation of the percentage power loss (i.e. 1% APt} = 2% power).
Fach engine manufacturer, in the model specification or computer program
gives the best estimate performance loss which is calculated by inputing the

approprifate pressure loss.

The air [inlet temperature rise is th&t increase in compressor|intake air

temperature above free stream staghation temperature. This ihcrease can be
the resullt of exhaust gas recirculation, leaks in the inlet ducting allowing
hot zonel air to be ingested, and/or heat transfer through the|intake
ducting. This can be a significant loss since 1°C (2°F) repré¢sents
approximptely a 1/2% to 1% power loss when operating at limit|turbine
temperatjure. Good duct«design and location usually prevents temperature

from exceeding 2°C) (4°F).

Air inftake totalipressure and total temperature distortion ¢an affect

compressor performance and surge margine The effect can be|estimated but

Instalfled(pressur

generally measured from an engine test which simulates radial and

e and temperature distortion is measured dyring flight
i i Fr i -4 e engine

manufacturer. Ievels of distortion are calculated by procedures defined
by the engine manufacturer. ARP 1420 should bhe consulted for other
aspects of inlet distortion evaluation.

3.2
rise
342.1
is
testink
3.3

Bleed air extraction power effects occur when compressor air is utilized for

cabin heating, air conditioning, engine inlet de-icing, etc. It becomes a
true power loss only when operating at a limit turbine inlet temperature.
At part power conditions the loss manifests itself as an increase in fuel

flowe

On most engines, bleed air extraction is quite costly, i.e. 1% bleed

flow extraction costs approximately 2-3% power at limit turbine temperature.
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3.4 Mechanical power can be extracted from several sources such as the
compressor rotor or power turbine drive train. Power extracted from the
compressor rotor is generally more expensive than that taken from the power
turbine. Power extracted from the compressor rotor changes the
thermodynamic match of the compressor and power turbine which reauires the
gas generator speed to be reduced to maintain the engine reference
temperature.

3.5 Exhaust gas hack pressure power loss is due to the increased back pressure
in excess of that imposed by the engine manufacturer's diffuser (datum)
tailpipe—resuiting—fromadditionat—tends;—adifferent—effective exit area
and/or the incorporation of an exhaust ejector. A good rule/ pf thumb for
all turdPine engines is 1% increase in total exhaust back ‘presgure loss
results|in approximately 1% power loss.

3.6 Off Optimum Power Turbine Speed Power Effect: This power loss/effect is the
result of operating the power turbine at some speed other thap that which
maximum|internal engine efficiency is achievedd )It is calculpted by using
the englne manufacturer's performance program ‘for the specififp speed at
which the helicopter rotor system is operated.

4. MEASUREMENT METHODRS TO DETERMINE INSTALLATION LOSSES:

Several thethods have been developed £0 measure installation logses with
‘ advantages for each technique.

4.1 The grogs measurement technioué involves comparison of helicopter turbine
engine Mmeasured parameters against those same parameters recofrded in the
referen¢e engine test cell calibration. The referral technique is used to
normalize any temperature' and pressure differences between the flight test
(hover ¢r tie down) and test cell ambient conditions. Instalflation loss is
usually|considered te/be an engine run line shift at a discrefte turbine
inlet te¢mperatureor in some cases gas generator speed. These data normally
involve|stabilizéd readings of ambient temperature, pressure gpltitude,
compresgor speed, power turbine speed, turbine inlet temperature, fuel flow,
and englne_torque. If there were no appreciable errors in me@asuring the
above parameters this gross technique would be very accurate.| However, in
practice—4+ has been shown—teo be insecurate due—toaeceumatated measuring
tolerance of the power parameters. The method serves as a qguick check to
get a rough idea of the installation losses. 1In certain cases with special
accurate instrumentation setups, it is possible to achieve adeguate results
of the installation loss by this gross technique. See Figure 1 for a plot
of installation losses.

4.2 Individual Loss Measurement Technique: The appropriate approach to
determining installation losses is to measure each discrete item/loss and
input. their respective values into the appropriate engine performance
computer program for the total loss. Calculating each loss separately will
not account for the interaction among the loss parameters.

[P3]
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calcula

The sampling

te an average inlet total pressure.

However,

4.2,1 Engine air inlet total pressure loss is derived from a compressor inlet
pressure survey conducted on a flight vehicle.
normally utilized for this survey provide more than adecguate data to

This inlet loss with due

consideration given to ram effects, is then converted to horsepower hv

using the appropriate engine performance computer program.
performance engines high inlet distortion causes additional power loss.

techniques

For some high

Engine air inlet temperature rise can be extracted from the inlet

temperature distortion survey. if these data are not available

air inl
to 12 4
average
with tNh
test da
average
to inle

4.2.3 Accessd

ot temperature instrumentation must be Inmstarlied and

hermocouples (or a number specified hy the engine man
d to compute the inlet temperature rise. Due to inhe
ermocouples, this tvpe of testina produces a fairlv w
ta. Usually many data points are acquired and,the re
d. Some high performance engines suffer performance

t temperature distortions.

ry Power Extraction and/or Accessory Drive Losses: T

are usy
etc. [
cell bqg
supply
manufad
nature.
errors
extract
compute
power f
power., )

Conpres

ally in the form of power to drive¢(blowers, fuel pump
irect measurement of this loss usuwally involves inser
tween the drive pad and accessory' or strain gages on
shaft. It is often more convenient to utilize the ac
turer's bench power consumption data, if it is of a c
If the accessory drive power consumption is reasona
in the bench data are not significant. (Note: If th
ed from the compressex ,rotor the value must be put in
r deck to determin€ the output loss. 7Power extracted
urbine system is, directly subtracted from the net ena

sor Alr Bleed Extraction ILosses: Measurement of blee

is usua
the pne
Howevex
calculs
pressuy

1lly accomplished by means of a calibrated venturi met
umatic (supply line between the engine and the distrib
. another approach where flow limiting devices are us
te the bleed flow using the appropriate hleed air tem
€' Flow limited devices (converging-diverging nozzle

minimum of 8
hfacturer)
rent problems
ide scatter in
sults
benalties due

hese losses

5, generators,
Lion of a load
Fhe power
Cessory
redible

hly low, small
b power is

Lo the enaine
from the

ine output

1 extraction
by placed in
htion system.
ed is to
pberature and
5) normally

lend th

SMSelVes to Yeasonable analytical prediction. Upon d

probes.

exit.

power can be extracted.

etermination

of the proper bleed flow, it is then possible to determine the loss from
the engine computer program.

Exhaust back pressure is seen as an increase in pressure on the downstream
side of the power turbine and thus for a given upstream pressure, less
Because of the swirl of exhaust aases,
measurenent of this back pressure when the engine is installed ig
difficult with standard total pressure probes.
some help, but high swirl angles can exceed the capability of these total

Directional probes offer

The most desirable measurement technique is to establish the

referred engine mass flow versus referred gas producer speed relationship
in the test cell, with the referee tailpipe, while measuring exhaust
static pressure with several wall statics at the interface of the engine
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