AD=-AO41 717 SOLAR SAN DIEGO CALIF F/6 21/5

DESIGN AND DEVELOPMENT OF A MAJOR ENGINE COMPONENT (COMPRESSOR)==ETC (U)
JUN 77 R GODDARD* D J MARTIN DAAK02=73-C=0398

UNCLASSIFIED ER=-2561 NL




WAL41717

I8 e ;
I DR W AL I z

A e T NN G S
SOy R AN LRI T Ny e

AL SR
L

Boanes 1 obag
L4

Waphnn - e

-

ML AT oA

B0 TR RS My e

R ANE My e

e L

o
Wi o Rensetl bt Mg betas anisne T
B T L

HETINEE O B e SRR« o W




L8 sty
e -

M

TNy AR LA S e

A
™
R
L 3
Songine - e

e”‘
S MY R P SR W T A
WA MR A
R L D L AL
T ANE N e
Sampeash hudte ontnene W BN 0 o wiiy

£
B et L T Y
L e el

ETI I e SR & e M




R

e S o-hm
AR hews gl R e et r W

‘bmwmmﬂ“«tw‘mwﬁ
R T L T —
s S e

LR A s ey

B i i R SRR L L T S e
L L










amﬂm ARt Be e e Wk
T — e
e bdne w“* . E o
R

- **gwm*v.

i — o e g
ey Utb‘-:-? m-p»a.'?p w‘

R Ry
u““ @“'ﬁﬁw
W
*
“nt mm

WM

”*“—
“ ﬂ"*“ L A,
. e -~ ’. &




R SRRl el TR & B e AW R R e
B I e e U S T e
S et SRR i R W R S e St B A e
B

B R L R S S e S e P ST TR,
eh ket b R g e Aee & siiieh b 4 e

- i




B "

P mzm '

b "m g
B e - [N -
oy wa +o
o e e Vesmesiiy 4

L R L 48
B e -
R Y »
o R s Pty >
no e S Sl ”

* AN RRREE R -
nor R RN VB RN A o
nor TR VRN N B

"
o -

. “

.

WP RO SR RN AR R -
-
’ Ll




TABLE OF CONTENTS (Cone)

3 EEU TR
f.! ROTOR SALANCE
Fed TURBINE SOSZLE SRYY
B b BEARING, SHAFT FROSLEIWS
0 SRR RN T
G b ENFEMATED FEAFORMANCE
# 0 FENT FERFORWSNE

B4 Compressny Fesfiosmanes
BT Fussine Fesfarmanes
B8t Ehgine Paeformanee

' PR L AV Y CNCINE DIERICD 0D FaORSCINC

L] CONE L ERION

2 2sssssrrreff

e




& W D -

D ® = o O

11
12
13
14
15
16
17

19
20
a1
a2

a3

25

LIST OF ILLUSTRATIONS

Advanced 60-kW Engine Test Rig

Engine Test Rig (Turbine Power Section)
Component Test Rig

Engine Compressor

Rig Test Compressor Performance

Engine Radial Inflow Turbine

Turbine Rig Performance

Engine Critical Speeds

Instrumented Rotor Bearing Capsules

Turbine Rotor, Bearing Capsule, and Pinion Assembly
Engine Estimated End Thrust

Rotor Assembly Showing Curvic Coupling in Mesh
Compressor Curvic Coupling

Engine Rig Seal Plate

Air Inlet Housing and Rotor Adapter Retaining Plate
Air Inlet Housing and Compressor Diffuser

Air Inlet Housing with Turbine Assembly Installed
(Front View)

Turbine Nozzle Assembly

Combustor Housing

Engine Rig Test Cell Schematic

Aft View of Engine Test Rig Installed in Test Cell

Power Turbine Section Pressure/Temperature
Instrumentation

Turbine Nozzle Pressure/Temperature Instrumentation
Air Inlet Assembly Instrumentation

Combustor Assembly Instrumentation

Turbine Nozzle Instrumentation

o =N &

10
11
12
14
15
16
17
19
20
21
23
24
25

26
27
an
32
33

35

L X




Figure
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

Table

LIST OF ILLUSTRATIONS (Cont)

Engine Build Clearance Chart

Rotor Proximity Probes and Positioning Fixture
Spectral Analyzer Track of Rig Cranking Test
Conventional Nozzle Pinning Modification

Bearing Thrust Monitoring Device

Proposed Design Changes for the Prototype Engine
Engine Estimated Performance

Effect of Inlet Temperature

Compressor Performance (0. 020-Inch Shroud Clearance)
Compressor Performance (0. 014-Inch Shroud Clearance)
Compressor Performance (With Additional Spring Seal)
Effect of Shroud Curvature

Impeller Modification

Final Compressor Calibration

Turbine Performance (First Calibration)

Turbine Performance (Second Calibration)

Turbine Performance (Scalloped Configuration)

Engine Performance (Final Calibration)

Engine Performance Test Data

Advanced Turbine Test Performance Data

Advanced Engine Cross Section

LIST OF TABLES

Compressor Major Aerodynamic Performance Parameters

Turbine Major Aerodynamic Performance Parameters

Aerodynamic Performance and Mechanical Test
Instrumentation

Engine Cycle Conditions, Installed in EMU-30/E
Generator Set

Pagg

9
13

38

60




1

INTRODUCTION

1.1 BACKGROUND

Contract DAAK(02-73-C-0398 was awarded by the U.S. Army Mobility Equipment
Research and Development Center to Solar Division of International Harvester
in June of 1973. This contract was awarded as a result of a Request for Quote,
DAAK02-73-Q-0099, which called for development proposals for a "state of the
art' gas turbine engine compressor to be used on a new 60-kW gas-turbine-
powered generator set.

Specifically, the contract called for the design of a compressor, its incorpora-
tion into a test rig, and tests to confirm the aerodynamic performance of the
design. In addition, a conceptual design was to be prepared for an engine to
meet the requirements of the U, S, A, MERDC Purchase Description '"Generator
Set, Gas Turbine Driven, Alternating Current, 60-kW', and a basic plan was
required for utilization of the new engine in a generator set.

Solar had already completed the design and component rig test of an advanced
compressor and turbine, both of which met the precise requirements specified
in the quotation request. Solar therefore proposed a program to install these
components in a simulated engine test rig as the next logical step in the develop-
ment process,

This proposed engine test rig would be used to confirm the design parameters
established on the individual component rigs and to provide a basic configuration
for the new prototype engine.

In addition, since Solar was in production with a 60-kW generator set to the
required Purchase Description (the EMU-30/E), the prototype engine was de-
signed as a direct physical replacement for the existing generator set Titan
T-62T-32 gas turbine engine. New primary reduction gearing would be required
to reduce the new high-performance engine speed to the required output, but
almost all of the existing package components would be retained. Thus, the
prototype would represent not only an engine for future applications but also a
retrofit unit to improve the fuel consumption and reliability of the existing
approximately one thousand generator sets in the military inventory.

The U.S. Army Mobility Equipment Research and Development Center accepted
the Solar recommendation, and work on the program proceeded on that basis,
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Figure 29, Spectral Analyzer Track of Rig Crasking Test
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Figure 39. Impeller Modification
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Figure 41. Turbine Performance (First Calibration)
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PRELIMINARY ENGINE DESIGN AND PACKAGING

This compressor development program was initiated to create the primary compo-
nent for an advanced 60-kW gas turbine engine with reliability and low fuel con-
sumption. As a part of the contract a preliminary design for an engine utilizing
this component was to be established. The advanced 60-kW engine test rig on
which testing was performed represznts not only a preliminary design but proto-
type hardware for the turbine section.

A layout of the proposed engine is shown in Figure 47. The turbine section of this
layout is essentially the engine test rig component as tested. The combustor is
an undeveloped unit but is basically the same design employed on the existing
T-62T-32 engine used in the EMU-30/E generator set. Modifications will be re-
quired to the combustor to enable it to operate at the higher turbine inlet tempera-
ture and case pressures. The reduction drive assembly is also the existing
T-62T-32 unit with a new primary reduction stage. Double-reduction gearing is
necessary to reduce the 72,000 rpm rotor speed to thc 6000 rpm requirement of
standard generators.

The basic cycle analysis for the proposed advanced 60-kW engine has already been
discussed, and the performance shown in Table IV confirms that the objectives for
both standard day and worst conditions can be met.

Packaging of the advanced 60-kW engine is straightforward. The advanced engine

is a direct replacement for the existing T-62T-32 in the EMU~-30/generator set.

It will be necessary to change only the primary reduction gearing and power section,
the fuel control, and the interconnecting fuel and air lines. The additional length

of the primary reduction gear is compensated for by the shorter combustor.

The advanced engine represents a direct retrofit for existing units and the least
expensive approach to a new generator set because new packaging design is not
required.
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Figure 47, Advanced 60-kW Engine Cross Section (Sheet 1 of 2)
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Figure 47. Advanced 60-kW Engine Cross-Section (Sheet 2 of 2)

77




COMCLUSION

z

the conelusion of the progrem deect ibmd b hae fepredt, sndicuentl lost dule had

aecumulabed to demomst Fabe hol the sew cowmprosieed , Taftine, and congiiotc

mm&m e tabor set hud sacciesefullly sclenod The pretdor
ives,

| flow at sea level, rated comdidiome weing The wcliue! stdol wnd oahinust
loss of the EMU-30/ K 60-4%W genersior sef, s projectiad o T2 pph, whaoh
wae the gonl set by the procurement dovuments. The compreossct prossute fulio
is 5.4, compared with the 5 to 61 suggested,

The overall performance provided by hie advasced engine configurstion promises
to be a significant step forward in emall miliary gee Darbine ongine lachnolag

{

H

)

3:

These mechanical difficultios were systematically resolved and the operation of
the engine test rig was finally successfial,

In addition to the successful performance demoastrafion, several immovative
engineering improvements were implemented, the moet importast of these hoing
the use of a Curvic coupling for the compressor-turbise isterface, which offers
an excellent potential for long-term rotor balance stability.

The engine test rig now represents the basis for 2 realistic prototype engine which
can, with further development, be a direct replacement for the T-62T-32 Titan
engine used in the military EMU-30/E generafor sef,

Such a replacement effort has been shown to offer the Goverament the prospect
of long-term cost savings involving many millions of dollare,




