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EXPERTMENTALLY-DETERMINED EXTERNAL HEAT LOSS
OF AUTOMOTIVE GAS TURBINE ENGINE
PRELIMINARY DATA REPORT

by Phillip R. Meng and Richard F. Wulf

National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio 44135

SUMMARY

An external heat balance was conducted on a 150 HP two-shaft auto-
motive gas turbine engine. The engine was enclosed in a calorimeter box
and the temperature change of cooling air passing through the box was
measured. Cooling airflow ranges of 1.6 to 2.1 lb-per-second and 0.8 to
1.1 lb-per~second were used. The engine housing heat loss increased
as the cooling airflow through the calorimeter box was increased, as would
be the case in a moving automobile. The heat balance between the total
energy input and the sum of shaft power output and various losses com-
pared within 30 percent at engine idle speeds and within 7 percent at full
power.

INTRODUCTION

The Lewis Research Center, under an interagency agreement, is
assisting the Energy Research and Development Administration (ERDA),
formerly EPA, in a program to demonstrate a gas turbine-powered vehicle
which will meet or better the 1978 Federal Exhaust Emission Standards.
This task 1s to be accomplished with a minimum impact on vehicle per-
formance, fuel consumption, and cost. As a part of this joint program,
a Chrysler sixth generation gas turbine engine has been installed in a
Lewis Facility for experimental investigations. Baseline engine per-
formance tests are now in progress. During these tests an engine exter-
nal heat balance investigation was conducted. The objective of this in-
vestigation was to determine the overall external heat loss from this
baseline gas turbine engine. The preliminary data cbtained in these
tests are contained herein. The next phase of this investigation will
be to isclate the areas of high heat loss for possible reduction in
future engine designs.



APPARATUS AND PROCEDURE

Gas Turbine Engine

The engine being tested is an automotive gas turbine engine
designed and built by the Chrysler Corporation. It is a two-shaft
machine consisting of a radial compressor, a pair of metallic regenerators,
a combustor, a compressor turbine and a power turbine as shown in
Figures 1 and 2. The engine design specifications are shown in Table I.

Heat Balance Calorimeter Box

To facilitate the measurement of heat loss from the engine housing,
an insulated box was constructed around the enpine. This box was placed
on 3/4-inch legs to allow ambient room air to enter the box from the
bottom. A single 8-inch diameter outlet pipe was located on top of the
box over the center of the engine. This outlet pipe was connected via
a tee to two flowmeters and two butterfly valves in parallel, The
air exhaust system is terminated in the building altitude exhaust system
after a control valve as shown schematically in Figure 3. The box and
floor were covered with four inches of styrofoam insulation to appreach
calorimetric conditions. The outlet pipe was iInsulated between the box
and the two air flowmeters.

Instrumentation

In addition to the basic engine instrumentation, the following heat
balance instrumentation was utilized for this test:

(1) Engine o0il flow rate was measured with a calibrated turbine
flowmeter.

(2) Engine oil inlet and outlet temperatures were measured by means
o

of Chromel-Alumel {C/A), thermocouples.

il

(3) Coolant air inlet temperature to the calorimeter box was
measured by averaging the readings of six C/A thermocouples located symme-
trically around the inlet to the box at floor level,

{4) Coolant air discharge temperature was measured using four C/A
thermocouples equally spaced in the discharge pipe.

(5) Coolant air pressure was measured with a pressure transducer
in the outlet line.

(6) Coolant air flow was measured with two turbine flowmeters in
the coolant outlet line.



(7) Three C/A thermocouples were inserted circumferentially 120°
apart in the same plane, in the engine bulkhead coollng outlet line
beneath the engine.

(8) Three C/A thermocouples were inserted circumferentially 120°
apart in the same plane.in the engine exhaust line downstream of the
bulkhead cooling outlet line.

(9) Sixtéen C/A thermocouples were attached-to the outside engine
housing as shown in Figures 4 and 5.

All instrumentation was connected to the CADDE (Central Automatic
Digital Data Encoder) central data acquisition system and the data
processed on a 360/67 time-sharing computer.

Teat Procedure

Anticipating that the airflow over the engine would have an effect
on the overall heat loss of the engine to the environement, the tests were
planned to include two different air flows while taking engine performance
data.  The performance data were taken at the minimum SFC points for the
following corrected gas generator speeds: 30%, 60%Z, 70%, 80Z, 90%, 95%,
and 100%. It was planned to take this data in sequence, first at a low
airflow and then at a high airflow. Due to a malfunction of a flowmeter,
a third run had to be taken -to £ill in the data that was missed and,
therefore, the readings were not sequential. Achieving steady-state
temperatures in the system was a problem due to the large mass of the
engine and calorimeter box. To assure that steady-state temperatures had
been reached, a series of four to five data readings were taken at five
to ten-minute intervals for each test condition. During the testing no
attenpt was made to control engine inlet oil temperature. This was
later found to have an effect on the heat loss from the oil system, Q0.
The outside ambient air conditions were cold and no provision was made
to heat the engine inlet air. As a result the actual engine temperatures
were somewhat reduced although the engine was operated at corrected inlet
conditions. This fact could alse have an effect on the heat loss data.
The fuel used for these tests was unleaded gasoline as specified by EPA
.1in Table IT.

DATA CALCULATIONS

Heat Balance = [QHF + OQHA — (QEXH + OSH + Q0 + QHL + QBP)]

- [QHF + QHA - (QEXH + QSH + Q0 + QHL + QBP)] x 100
QHF

HTB =

Total Heat Loss Measured = QLm = Q0 + QHL = QBP



Total Heat Loss Calculated = QL, = (QHF+QHA) - (QEXH+QSH)

oL
QL As Percent of Energy Input = ;—EG%%JE x 100
All data were corrected to standard inlet conditions of 14.6%6 PSIA and
85°F using the Gas Turbine Engine Test Code SAE J116a, (Ref. 1).
Symbols defined in Table III.

TEST DATA

The data included in this report in Table IIT were taken at steady-
state condlitions after the engine parameters were stabilized. The data
nregentad were tzken at tws nominal cooling airflow ranges through the
calorimeter box; a high flow range of from 1.6 to 2,1 1b per second, and
a low flow range from 0.8 to 1.1 1b per second. The heat losses from
the engine housing are shown as a function of percent of gas generator
speed for both cooling air flow rates in Figure 6. The difference between
the engine housing heat losses at high and low cooling airflow rates
is a nearly constant value of approximately 4,000 Btu per hour. This
difference in heat loss resulted from the higher velocity of the cooling
air over the engine at the higher flow rate. The engine housing temper-
atures with the calorimeter box removed compare clesely with the housing
temperatures measured at the low cooling airflow rate. The data at the
high cooling airflow rate indicate that the engine heat losses increase
due to cooling of the housing as would be the case in a moving automobile.

A heat balance for each data point is shown on the bottom line
of each data page. The heat input to the engine from fuel, and inlet
air, are listed along with the net shaft horsepower, and the heat losses
through the exhaust, housing, 0il, and the engine bypass cooling. The
last item, HTB, is the calculated percentage difference between the heat
input and heat output minus the losses. (See Data Calculations). These
values range from 30 percent at 50 percent gas generator speed to 7 percent
at 100 percent gas generator speed. .The heat loss through the engine
bulkhead cooling, QBP, could not be correctly measured. However these
values are small and will not greatly affect the overall heat balance.

The bulkhead cooling is supplied by exhaust gases which are circulated
through the magin engine housing to cool the gas generator turbine area.
These gases are then exhausted at the bottom of the engine. The gas
temperature rise was measured at the outlet, TBP, but due to the low
pressure of the exit gas, a flow measurement could not be made. A measure—
ment of this value, QBP, will be attempted in future testing.

A comparison of measured and calculated values of total heat loss
are listed in Table TV. As shown in the Data Calculations section, the
measured values include the heat loss from the oil, engine housing, and the



by-pass cooling. The calculated values are determined by subtracting
the sum of the exhaust losses and the output shaft horsepower from the
energy input. A comparison of these heat loss values is also listed in
Table IV'as'a percentage of “the energy input-of ‘the fiell.

A comparison of the measured and calculated total heat loss show
that in most cases there is good agreement at the higher power output '
(90% gas generator speed and above). The calculated values, QL., show..
that although the experimental errors in measuring the fuel flow, ex-
haust gas temperature, and shaft horsepower are small, they can result. .
in creating large numerical differences due to their relative size when
compared to the smaller heat loss values. This "difference~of-large~
numbers"” is apparent at the lower speed and power conditions where the
fuel flow and shaft horsepower values are at the low end of the experimental
measurement range. On the other hand, the actual measured values of . total
heat loss, QL,, are obtained from experimental measurements over.a.
relatively small range of variations. Therefore these measured values
are considered to be more accurate than the calculated values.

CONCLUDING REMARKS

An external heat balance was conducted on an automobile gas turbine
engine. The gas turbine engine was enclosed in a calorimeter box and
the temperature change of cooling alr drawn over the engine was measured.
Tests were conducted using two ranges of cooling airflow. The results
are -as follows:

1. The heat balance (total energy input compared with shaft output
plus all losses) was within 30 percent at idle speeds and to within
7 percent at full speed and power.

2. The engine housing heat loss increased with cooling flow rate
through the calorimeter box.

3. The measured values of total heat loss appear to gilve more
accurate and uniform results over the range of test conditions from idle
to full power than the calculated values. This is most likely due to the
accumulation of experimental errors in measuring the fuel flow, exhaust
gas temperature, and shaft horsepower which are used to determine the
calculated values of total heat loss.

The total measured heat loss when expressed as a percentage . of the
energy input of the fuel iz as follows: At 50% speed (idle) the total
meageured heat loss averaged 13.3% of the fuel energy input, while at 100%
speed {full power) the total measured heat loss averaged 8.1% of the
fuel energy input.



TABLE I.

ENGINE SPECIFICATIONS

Model ‘ A=128-1
Number - 401-403
Maxzimum Powex 150 HP at 3700 RPM
Degign Tressure
Ratio 4.1

Design Airflow 2.29 1b/sec
Compressor

Speed Max. 44,610 RPM

Power Turbine
Speed Max. 45,500 RPM

Reduction Gear
Ratie 9.6875



TABLE II. - EPA TEST FUEL SPECIFICATION

Item

Octane, Research, Min.
Pb. (Orgainc), Gm/U.S. Gal.
Distallation Range '
I. B. P., °F
- 18 Percent Point, °F
50 Percent Point, C
90 Percent Point, °r
E. P. °F (max)
Sulfur, Wt., Percent Max,
‘ Phosphorous, Theory
R. V. P. Lb.
 Washed Gunm {Max) MGM/Gal

Corrosion (Not Lower Than)

Oxidation Stability (Not Less Than)

Hydrocarbon Composition
Olefins, Percent, Max.

- Aromatics, Percent, Max.
Saturates

" Nitrogen, Wt. Percent, Max

{chemically bound + additive introduced:
determined by Kjeldahl method)

" ASTM Designation

D2699
D 526
D 86

D-1266
D 323
D 323
D 130
D 525
D131%

Specification

91-93
- £.02
100-115
140-150
240-250
330-340
425
0.10
0.0
5.5-7.5
4.0
IB
240+
30
40
Remainder
0.03

For computation purposes, the lower heating values of this fuel is to be

assumed ag 18 100 Btu/lb.
all calculations.

An A. P. 1. gravity of 56.0 is to be assumed in
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TABLE IV. - COMPARISCN OF MEASURED AND CALCULATED
VALUES OF TQTAL HEAT L0OSS

Reading| Percent | Total heat loss| Total heat loss| QL as percent of QHF
No. gas measuted, calculated, — —F
generator QLy, QL. measured | calculated
speed Btu/hr Btu/hr '
11 50 32,390 92,377 13.4 38.3
13 60 42,568 107,634 12.0 30.3
28 20 86,218 82,502 8.0 7.6
31 95 98,826 65,173 7.9 5.2
35 100 115,995 53,693 7.9 3.6
42 50 29,861 103,872 12.0 42.0
46 60 39,143 119,511 10.7 32.6
- 49 70 50,763 133,276 9.6 25.3
51 70 55,776 135,141 10.7 25.9
54 80 69,359 130,100 9.1 17.1
57 90 90,204 99,945 8.4 9.3
61 95 104,982 77,654 8.3 6.2
65 100 120,946 9,930 8.1 0.7
87 50 34,717 93,823 14.5 48.0
B4 60 41,841 114,895 11.6 32.0
g1 70 53,475 130,996 10.2 24.9
g5 80 66,858 163,973 8.6 21.1
98 90 87,630 99,824 8.3 9.4
101 95 101,286 90,033 8.2 7.3
104 100 117,525 88,997 8.2 6.2
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