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PREFACE

Motoren und Turbinen Union Friedrichshafen (MTU-West Germany) is a
subsidiary of Mercedes Benz. The MT880 series diesel engines are
descended from the MB837 series of the mid-fifties and the MB870
series designed in the mid-sixties. The MB873 V12 diesel engine, at
1500 metric horsepower, powers the Leopard 2 West German main battle
tank, and a V8 version is used in the the Korean Type 88 tank.

Each new series of engine has been designed for higher power density,
and the 880 series uses short connecting rods and pistons to make a
very compact basic engine power train, crankcase, and structure.
Conventional materials and manufacturing methods are used, with
mechanical and thermal loads at proven levels. Manifolds and
accessories are located between and under the cylinder banks for a
small, rectangular cross section. Accessories are gear driven and
fluid lines use short piping runs with O-ring sealing for reliability
and ease of maintenance.

The MT883 V12 engine first ran in 1979 with a precombustion chamber
design, and this newer version has an open combustion chamber for lower
fuel consumption and heat rejection. The result is a compact diesel
engine at the 1100 kW level that will fit into the M1 tank powerpack
space as proposed by General Motors Military Vehicles Operation.

This test was supervised and conducted by the U. S. Army Tank-
Automotive Command (TACOM), RDE Center, Propulsion Systems Division, in
Test Cell 3 of Building 212. The test started on 7 March 1989 and was
completed on 5 May 1989. Thanks are expressed for the fine cooperation
of Messrs. Horst Bernhardt and Meinrad Reisch of MIU and Larry Belna
and Brian Braglia of GM MVO. Their excellent support in providing
engine parts and supplies was also appreciated.
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1.0. INTRODUCTION

The Motoren-und Turbinen Union (MTU) engine evaluation was a part of the
North Atlantic Treaty Organization (NATO) Comparative Test Program

of heavy armored vehicle engines. General Motors Military vehicles
Operation (GM-MVO) was the American licensee for MIU (West Germany) and
supplied this engine and support under contract with TACOM. Photographs
of the bare engine are shown in Figures 1-1 and 1-2.

2.0. OBJECTIVE

The objective was evaluation of the MIrs83 diesel engine for comparison
with other NATO source engines. This included lab performance testing
under a variety of conditions and check of physical size, weight, etc.
3.0. CONCLUSIONS

3.1. Engine Power Output

As provided with the 1100 kW rating, the MIU diesel engine output under
NATO test conditions on MIL-F-46162C (DF-2) fuel was:

1465 bhp (1093 kW) at 3000 r/min
3287 ft-1b (4456 Nm) torque at 2000 r/min

All of the testing was run on DF-2 fuel except one run, which was

conducted on Jet A to simulate JP-8 fuel. At the request of GM-MVO, the

fuel flow was set up to run one 3000 r/min point, and the output was:
1506 bhp (1123 kW), with no increase in exhaust smoke.

3.2. Engine Fuel Comsumption

The brake specific fuel consumption was:

0.371 lb/bhp-hr (226 g/kwh) at 3000 r/min power peak
0.347 lb/bhp-hr (211 g/kwh) at 2000 r/min torque peak

3.3. Heat Rejection

Heat rejection to the cooling system was 26 Btu/bhp-min up to 2600 rpm
and increasing to 29 Btu/bhp-min at 3000 rpm.

3.4. New Engine Feature

The MIU engine had another feature to increase power output; coolant
for the aftercoolers was run through a secondary radiator to further
reduce intake air temperature and enhance specific output.

11




Figure 1-1. MTU MT883 V12 Diesel Engine - Flywheel (Rear) End
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Figure 1-2. MTU MT883 V12 Diesel Engine - Damper (Front) End
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3.5. (ther Performance Run Conditions

Other performance runs were made with higher ambient temperatures, fuel
temperatures, inlet air restriction, and exhaust restriction, as well
as a part load matrix down to 25% load.

3.6. Power Runs with Typical Vehicle Temperatures

A set of power runs were made, using vehicle engine installation
operating temperature parameters as provided by MTU.

3.7. Engine Performance on JP8 Fuel

On Jet A fuel (JP8), the power output at NATO standard conditions was:

1321 bhp (985 kW) at 3000 r/min and
2909 ft-lb (3944 Nm) torque at 2000 r/min.

3.8. Acceleration Tests on the Dynamometer

Acceleration tests were run with the Test Cell 3 dynamometer for
comparison with other NATO engines to be run on the same dvnamometer.

3.9. Engine Dimensions

Length 67.9 in. 1725 mm
Width 38.0 in. 965 mm
Height 29.7 in.(flywheel end}] 754 mm
35.0 in.{turboch. end) 889 mm
Volume 46.1 cu £t 1.31 cu-m

3.10. Engine Weight

The dry weight of the engine was 4200 lb {1909 kg) including starter,
generator, front mount, coolant expansion tanks, fuel filter, and
torque converter drive plate with starter ring gear.

4.0. RECOMMENDATIONS

The MT883 engine is a new generation, 12 cylinder diesel at the 1500 bhp
level. An MIU 883 propulsion system will fit into the M1 tank
powerplant space as proposed by GM-MVO, its American licensee. It
features a very compact engine packaging configuration, electronic fuel
control, turbocharging and aftercooling, and uses conventional materials
and construction. Its fuel economy is very competitive with other
modern high output diesels in the same power class. It is currently in
development, with prototype engines running in Israeli Defense Force
Merkava MK 4 test vehicles, and on a NATO endurance test.

It is recommended that a complete MT883 propulsion system be evaluated
as a candidate system, along with other powerpacks in the same power
class, in any future powerpack studies.

14



5.0. DISCUSSION

5.1. Engine Description and Specifications

The MT'883 is an 1100 kW, 12 cylinder, 90 degree vee, liquid cooled

diesel engine.

parallel flow turbochargers, and charge air cooling.

Basic engine specifications as furnished by MTU:

Engine model

Displacement

Bore
Stroke

Engine rated speed

Power

Mean effective pressure/power peak

Mean effective pressure/torque peak
Mean piston speed

Compression ratio

Low idle speed

Tactical idle

Max governed speed-no load

Cooling system capacity

0il system capacity

15

MTI'883 Ka-500
27.36 liters
144 mm

140 mm

3000 r/min
1100 kw

16,1 bar
18.5 bar
14.0 m/s

14 to 1

1000 r/min
1400 r/min
3300 r/min
189 litrs(aprx)
70 liters

It features a direct injection combustion system, twin

1670 cu in
5.67 in
5.51 in

1475 bhp
233 psi
268 psi
2755 ft/mn



5.2. Full-load Perfcmaﬁce, Heat Rejeci:ion; And Air Consumption

The last full performance run on 5 May 89 (Test 97) gave.the best output:
1465 bhp (1093 kW) at 3000 r/min and
3287 £t-1b (4456 Nm) at 2000 r/min

Figures 5-1, 5-2, and 5-3 are the curve sheets for this run, and Figure 5-4
shows the heat rejection. The heat rejection to the cooling system was a
typical 26 Btu/bhp-min up to 2600 rpm and then increased in a linear fashion
to 29 Btu/bhp-min at 3000 rpm.

The first two full-load runs gave slightly less output. The increase in
output with running time may reflect reduction of friction in the engine,
which accumulated about 58 test hours. The earlier runs showed:

1452 bhp (1083 kW) 10 Mar 89 (test 25) with Merriam air
consumption measurement.

1454 bhp (1085 kW) 24 Apr 89 (test 81) with MTU nozzles used
for engine air consumption measurement.

The engine air consumption is shown in Figure 5-5. These curves were drawn
using new calibration data for the Merriam laminar flow elements and the MTU
furnished nozzles. These results are given with a standard air condition of
70F and 29.92 Hg pressure (2iC and 760mm Hg). Figure 5-6 shows full and
part-load air consumption.

Between run 25 {Merriam airflow measurement) and run 81 (MIU nozzle air-
flow measurement) the engine was rebuilt by MTU after the cylinder liner
failure. In run 25, the bank-to-bank intake manifold pressure was quite
even. In run 81 and run 97 (full-load heat rejection runs), the right bank
manifold pressure was about 12% lower than the left bank (see Appendix B for
the data), and the right bank airflow was down, as measured with the MTU
nozzles. The left bank air consumption in this run showed reasonable
aggreement with the Merriam results. Therefore, it appears that some
bank-to-bank unbalance anomaly caused a reduction in the right bank air
consumption. This was not serious, showing no significant effect on
performance or exhaust smoke.

Thus it appears that the run 25 Merriam air consumption results are valid.

All the performance runs were made under NATO standard conditions, unless
otherwise stated as follows:

Fuel MIL-F-46162C containing 1% sulphur

Lubricant MIL-L-2104D 15W-40

Coolant ocut temperature 96 C (205 F)

Fuel Temperature 25 C (86 F)

Inlet air depression (at rated power) 25 mbar (10" H20)
Exhaust back pressure (at rated power) 40 mbar (16" H20)
Inlet air temperature 25 C {77 F}
Coolant to aftercoolers (from MTU) 63 C {145 F)

16
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5.3. Engine Part-Load Performance - Fuel Map

The fuel map for the MTI883 engine is shown in Figure 5-7. This is quite
conmpetitive with comparable dies_el engines recently evaluated. :

5.4. Engine Performance With Higher Inlet Air Restriction

Performance runs with higher inlet air restriction are shown in Figure
5-8. The higher restriction had little effect on output. Exhaust smoke
showed very little change in opacity, all runs showing 16% to 17% opacity
(3 Bosch units) at 1400 rpm.

5.5. Engine Performance with Higher Fuel Temperatures

Engine performance with higher fuel temperatures is shown in Figure
5-9 at 25 C (77 F) air temperature and Figure 5-10 at 49 C (120 F) air
temperature. The MIU electronic fuel control was programmed to reduce
fuel flow with increasing fuel temperatures. Smoke readings increased
slightly with 79 € (175 F) fuel, with 11% opacity (approx. 2.7 Bosch
units) at 1800 rpm at 25 C (77 F) ambient air, and 16% opacity (approx
3.3 Bosch units) at 49 € (120 F) ambient air.

5.6. Engine Performance with Increased Exhaust Restriction

Figure 5-11 shows engine performance with standard exhaust restriction of
40 mbar (16"H20) and 60 mbar (24" H20). The increased restriction had very
little effect on performance. The smoke readings increased slightly with
11% opacity maximum (approx 2.7 Bosch units) at 1800 rpm.

5.7. Engine Performance With Typical Vehicle Installation Temperatures

The MIU engine uses a second radiator in a vehicle installation to further
cool the aftercoolers. 1In the laboratory test set up, it would be easy to
overcool the aftercoolers, so data from MTU was used to establish realistic
aftercooler temperatures. Since this data also showed some temperatures
(such as coolant outlet and fuel) varying from NATO conditions, these
temperatures were used to run a set of engine performance curves to the
conditions shown in Table 5-1. The curves are shown in Figures 5-12 and
5-13. : ‘

Table 5-1. Typical Vehicle Temperatures

C/F C/F C/F C/F C/F

Ambient Air

Temperature 25/77 38/100 43/110 49/120 54/130
Engine Coolant

Outlet 85/185 93/200 98/209 104/219 106/223
Coolant into

Aftercoolers 57/135 63/145 66/151 72/162 73/163
Fuel Temperature

Inlet 41/105 53/127 58/136 64/147 69/156
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MTU MT 883
SPECIFIC FUEL CONSUMPTION - FUEL MAP
STANDARD NATO CONDITIONS

POWER (kW) BHP

1050 1400

900 1200

750 1000

600 800

450 600

300 400
Ib/bhp-h
////i:::::: ‘ g/kW-h
160 |~ 200
0] i 0
1400 1800 2200 2600 3000
3-11-80 Test 20 CIVGINE SPEED (rpm) U.S.ARMY TACOM

Figure 5-7. MTU MT883 Engine specific Fuel Consumption
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5.8. Engine Performance with Jet A (JP8) Fuel - NATO Standard Conditions

Figure 5-14 shows the performance with Jet A fuel, simulating Jp8 fuel:
1321 bhp (985 kW) at 3000 r/min
2909 ft-1b (3944 Nm) torque at 2000 r/min, for about 10% loss
from the ouput with DF-2 fuel.

5.9. Acceleration Runs On Cell 3 Dynamometer

Acceleration runs were made on the Cell 3 dynamometer for comparison with
runs to be made with the other NATO source engines on the same setup.

5.9.1. Constant-Speed Picking Up Load

At constant speed, the MTU electronic fuel control would not provide a
no-load condition, so these runs were made from 700 £t-1b (950 Nm) to
2500 ft-1b (3390 Nm) torque. Table 5-2 shows the results, and the curves
are shown in Figures 5-15, 5-16, and 5-17.

Table 5-2. Constant-Speed Picking Up Load

1600 r/min from 700 ft-1b to 2500 ft-1lb torque
(950 Nm to 3390 Nm torque) 4.2 seconds

2100 r/min same 3.0 seconds

2600 rpm same 2.9 seconds
5.9.2. Acceleration-1400 rpm Idle to 2500 ft-1b(3390 Nm) Torque-3 Speeds
In the second set of runs from idle to various speeds with load, it was
necessary to start the acceleration from 1400 r/min tactical idle, due to
the MTU electronic control program. Table 5-3 shows the results, and the
curves are shown in Figures 5-18, 5-19, and 5-20.

Table 5-3. ACCELERATION FROM 1400 r/min TACTICAL IDLE TO 2500 ft-lb
(3390 Nm) TORQUE - 3 SPEEDS - see Figures 5-18, 5-19, and 5-20.

1400 r/min to 1600 r/min 4.7 seconds
1400 r/min to 2100 r/min 6.5 seconds
1400 r/min to 2600 r/min 8.0 seconds

Figure 5-21 shows an acceleration test plot from MTU with a Renk
transmission. The inertia behind the transmission was higher, but with
the first-gear transmission ratio, the equivalent inertia at the engine
was roughly half that of the Cell 3 dynamometer. This plot shows the
engine and transmission system accelerating from 1100 r/min to 2600
engine r/min in approximately 3.4 seconds.
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Figure 5-14. MTU MT883 Full-Load Power — JP8 (Jet A) Fuel
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Figure 5-15. MTU MT883 Engine Acceleration — Picking Up Load - 1600 rprh
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Figure 5-16. MTU MT883 Engine Acceleration — Picking Up Load --2100 rpm
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Figure 5-18. MTU MT883 Engine Acceleration — 1400 to 1600 rpm
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Figure 5-19. MTU MT883 Engine Acceleration — 1400 to 2100 rpm

37




WOOVL ANWHVY'S™N

(spuooes) JNIL

76 186, 68-20-G

Ol 6 8 . 9 G 1% e | 0
+ 0001
0001 |- n
il _—10002
000¢ |- \-\ 006
i \\
_?f}trfff,..?}vhl/l{
000€ E S 000V
N 3NOHOL ONAQ -4 (wdy) d33dS ——
000¢%
wdJ g (sqg| 1)) 3NOHOL (WN) 3NnDHOL

WdH 0092 - 00vVL
1S3L NOILvH3I13OOV

€88 LN NLN

Figure 5-20. MTU MT883 Engine Acceleration — 1400 to 2600 rpm
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5.10. MTU MT883 Engine Test Program, Analysis of Failed Cylinder Liner

The MTU test engine was received from General Motors Military vehicles
Operation on 7 December 1988. Design and fabrication of the propshaft
adaptor, front mount crossmember, etc., took place during December and
" January 1983. The engine was moved into Cell 3 on 6 February and
installation began. ,

At this time, meetings were held with GM-MVO and MTU persomnel to
finalize the test plan, which is shown in Appendix A.

Hook up and instrumentation was completed the first week of March, and
the engine first ran on 6 March 1989, with MIU personnel supervising.
MTU personnel also hooked up the electronic engine controls. The engine
had previously been run in at MIU.

The first TACOM data was taken on 8 March, with GM-MVO and MTU personnel
in attendance, and they remained for the rest of the test program.
Table 5-4 shows the sequence of the test runms.

On 14 March, with the engine running at 2400 r/min on an inlet
restriction run, the left bank coolant outlet hose failed adjacent to
the insulated laboratory exhaust pipe. The engine was shut down
immediately, with a loss of about 5 gallons of coolant. The coolant
hoses were replaced, and a steel heat shield was added at the exhaust

pipe.

On 15 March, after two hours of additional running, a large increase of
crankcase blowby occurred at 2600 r/min, with a sudden increase in
coolant and crankcase pressures. Coolant was found in the oil pan, and
a borescope inspection indicated a cylinder liner crack in the 4B
cylinder. The engine had run 26.5 test hours at TACOM. After
consultation with MIU personnel, the engine was removed from the stand
and crated for shipment back to MIU on 17 March.

On 18 April, the engine was received from MIU along with the 4B cylinder
failed parts. The liner had cracked on the major and minor thrust sides
in a *J" shaped vertical crack, down to the upper O-ring groove at the
bottom end, and the piston skirt had scuffed in these areas. The
connecting rod and bearing were OK. Photographs of these parts are
shown in Appendix D. All of the other cylinders had been found to be in
good condition, and the engine was rebuilt by MIU, with new liner,
piston, rings, connecting rod, etc, in the 4B cylinder. Test work
resumed on 21 April. On 25 April, during a hot fuel performance run,
the coolant outlet line parted at the sight glass joint with a loss of
about 10 gallons of coolant. A compression check indicated no damage
to the engine. Two 8 mm (5/16 in.) rods were installed across

the sight glass joints. Tests resumed and were completed on 4 May 1989.
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A report from MIU on its analysis of the 4B c¢ylinder liner failure
stated that overheating caused the piston skirt to scuff, which then
resulted in the liner cracking. A variation in the cylinder head water
jacket coring at the glow plug, which is close to the exhaust valve
seats, restricted cooling flow in this area. The resulting distortion
of the seats caused loss of combustion air and excessive temperature
during combustion. An engineering change was made on the cylinder head
to insure sufficient cooling flow.
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Table 5-4. MTU MT883 Engine Test Runs and Data Sheet Nmnbers
TACOM - Building 212 - Test Cell 3

TEST

NO. DATE TEST

i6 3-8-89 Initial engine check out

23 3-10 Dynamometer and control system check out

25 3-10 Full-load performance with Merriam air flow
measurement

28 3-11 Part-load matrix 90-80-70-60-50-25% load

31 3-13 Inlet air restriction 10in. & 15in. H20

34 3-14 Inlet air restrict 20in. coolant hose failed

40 3-15 Inlet air restrict 25in, large blowby increase,
#4B cylinder liner cracked

3-17 Engine shipped to MTU for inspection
4-18 Engine received from MIU

76 4-21 Engine checkout

81 4-24 Full-load performance with MIU nozzle air
measurement

82 4-24 Inlet air restriction 27in. limited by exhaust
temperature - 24in. exhaust restriction run

85 4-25 Hot fuel performance, water outlet parted

91 4-27 Hot fuel performance 100F 120F 140F 175F fuel

92 4-28 Hot fuel performance at 120F ambient air,
120F 140F 175F fuel

93 5-1 MTU vehicle temperature performance at 77F

. 100F 110F 120F & 130F ambient air

94 5-2 Acceleration tests

95 5-2 Jet A fuel performance NATO conditions

96 5-3 Jet A fuel performance at 175F fuel temp

97 5-4 1500 bhp point and heat rejection on a

: standard full-load performance
98 5-4 Idle run - no dynamometer shaft

Total TACOM engine run time - 57.7 hours
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Propulsion Systems Division
MT-883 Test Program
‘ Test Plan
PURPOSE:

To determine the military adaptability and performance '
characteristics of the MTU MT883 V12 turbocharged diesel engine.

Outline of Tests

1. Install engine in cell 3 and prepare for tests
2. Install and calibrate instrumentation

3. Maintenance of equipment

4. Engine operating limits

5. Engire and instrumentation operational checkout
6. Perfommance tests

7. Heat rejection tests

8. Acceleration tests

Test Material

a. MT883 Ka-500 turbo charged diesel engine

1500 HP @ 3000 rpm
2840 1b ft torque @ 2000 rpm

Bore 144mm 5.67"
Stroke 140 mm 5.51"
Displacement 27.36 liters 1670 cu. in.
9g Vv 12

Campression ratio - - approx 13 to 1
Engine dry weight 184@ kg 4048 lbs

b. Lubricating oil MIL Spec MIL-L-2104D 15W-40
c. Fuel
1. MIL-F-46162B (high sulphur .95 to 1.05% by weight)DF-2
2. Jet A-1
Test Equipment

Test cell 3, dynamameter, controls associated instrumentation and
equipment Building 212
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Test Procedure - Outline of tests

1. Prepare engine for performance tests.

a. Obtain and record dry weight and dimensions of enging. Install engine
in test cell and connect to dynamameter Install connections to two (2) cooling
towers per MTU sheet 2, with smaller heat exchanger for charge air cooling
circuit. Make necessary fuel, exhaust and intake air connections. The 12"
Berkley opacity meter will be used for smoke readings.

b. 1Install all required themmocuples, pressure lines, speed and load cell
connections. Install warning lights, shut-down system for critical temperature,
pressure and RPM limits on engine and dynamameter equipment. '

c. Prepare orifices and calibrate for 16 and 2¢ CFM max blowby flow
(Not to exceed 15" H, O crankcase pressure.)

2
d. Please provide:
(1) Sight glasses in Engine water outlet and charge air coolant circuits
(2) Vent lines in coolant system as instructed.
{3} Exhaust back pressure control.

2. Instrumentation -~ Install and calibrate instrumentation to obtain and
record data at each specified condition.

Parameters Fram Contract Expected Values
1. RPM 9-3600 RPM full load to 3386 RPM
no load for brief governor

. check only

2. Torgue 3850 Nm+5%/2000 RPM 2840 # ft

3. Fuel Flow 263 kg/hr max 579 #/hr max

4. Fuel Temp at Inj Pump Inlet Up to 46 C 115 F

5. Fuel Press at Inj Pump Inlet 4.5 bar 65psi

6. Air Flow (Total) 1.9 Rg/s 3275 CFM

7. Air Ambient Temp Typical

8. Air Ambient Pressure Typical

9. Air Temp After Air Cleaner* (same as --—-

11)

18. Air Pressure After Air Cleaner L&R —
*{same as 12)

11. Air Temp Before Turbo L&R Typical : )
12, Air Pressure Before Turbo L&R Typical

13. Air Temp after turbo L&R —

14. Air Press after turbo L&R —_—

15. Air Temp Intake Manifold L&R 216 C 195 F 418 F Max

16. Air Pressure Intake Manifold L&R 2.1 bar 62" hg
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17.
18.
19.
20.
21.

22.
23.
24.

25.

26.

27.
28.
29.
3e.
31.
32.

33.

34,

0il Pressure in Gallery
0il Temperature OI1 Gallery
0il Temp Sump (Tank)
0il Temp Cooler In *(Same as 19)
Engine Coolant Pressure pump dis-
charge
Engine Coolant Temp Out
Engine Coolant Temp in (coolant

"~ into charge air heat exchanger
is same)
Coolant Temp fram charge air heat
exchanger

7 bar
125 C
125 C

4.3 bar 62 psi

102 psi
257 F

97 C
typical

207F

Up to B8C 176F

Engine Coolant/Water Heat Exchanger ——-

a. Water Flow
b, Water Temp In
c. Water Temp Out

Aftercooler coolant/water heat ex-

changer:

a. Water Flow

b. Water Temp In
c. Water Temp Out

Temp In Stack Turbocharger discharge 66¢ C max 1112F

Pressure In Stack

Smoke opacity Readings

Blowby (Flow-CFM)

Pressure - crankcase

Cellmate Acquisition Sys, Record
data on diskettes

In Line Shaft Torgque Sensor to be
used for Acceleration Tests
Exhaust Port Temperatures

3. Maintenance of Equipment

a.
(1)
(2)

b.

C.
hours.

4.

Change oil ‘every 108 hours

8 oz o0il sample every 108 hours
2 oz o0il sample every 1@ hours.

Record oil used

0 - 40 mbar @-18™H.0
0-38% max (0-4.5 Bogch)
0—26 CFM

- n
g ~-15 HZG

Replace fuel & oil filters and air cleaner elements every 100

Engine Operating Limits and Adjustments

a. 0il temperature: 240 F warning
255 F max manual return to idle
25 psi warning
20 psi shutdown
0il pressure - normal operation
nomal pressure 86-90 psi
3¢ psi warning

25 psi shutdown

b. 0il pressure-idle



c. Cell air temp - specified for each test
d. Coolant outlet temp

nomal 285 F

warning 215 F

return to idle above 220 F

coolant inlet to pump psi

e. Fuel temp into engine 86 + 5 F except as otherwise specified

f. Exhaust back pressure at rated conditions 16 + 2" H0

g. Crankcase pressure maximum 15" i-izﬁ

h. Maximum fuel flow 580 #/HR

i. 1Inlet air depression into turbochargers 10 + 2" Hzﬁ at rated
conditions

j. Exhaust outlet temperature after turbocharger 1206 F max
5. Engine instrumentation and operational checkout

a. Engine will be run to check for leaks, proper operation of all
instrumentation channels, recording and printout systems and any other

problems. The engine has already been run-in. Do not run engine at 1200
rpm - manufacturer's specification.

b. Operational checkout will be conducted according to the following
schedule. Monitor blow-by in CFM and/or pressure during checkout. Do not
continue test if blow-by exceeds allowed maximum. For each checkout
period take camplete data and record on log sheet.

TIME ENGINE
IN SPEED TORQUE
HOURS REM IB. - FT.
1/4 1,100 idle*
1/4 1,400 idle
1/4 1,600 100
1/4 1,800 200
1/4 2,000 609
1/4 2,200 1,000
1/4 2,400 1,500
1/4 2,600 2,000
1/4 2,800 2,400
1/4 3,000 Full Rack

*If rough running or prop shaft noise occurs, run 140¢ rpm. Higher loads
at the low speeds can be used if necessary to maintain stable operation.
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c. Check governor and adjust if necessary at full load and no load to
limit the maximum engine speed as follows:

Full load 3,008 RPM
No load 3,30¢ RPM max

6. Performance Tests

a. Run full and part-load performance tests as specified below, the
full load runs to be at increasing and decreasing speeds. Take all the
data previously specified so that heat rejection can be evaluated for any
run.

Fuel: MIL-F-46162B, containing 1% sulphur
Fuel pressure to engine 65 + 3 psi

Lubricant: MIL-L-2164D, 15W-40 AMOCO 300 oil
NATO standard conditions:

Coolant out temp 205 + 5 F

Coolant to aftercoolers 145 +5F

Fuel temp to engine 86 + 5F

Inlet Air Depression € rated power 16 + 2" H,0

Exhaust Back Pressure @ rated power l6 + 2" H?.,_G

Test points to be run at 77 F ambient air in the mat_rix below:

Loap REM

100% 1400 1600 1800 2006 2200 2400 2600 2800 3600
90% X X x X X X x X X
80% X X X X X X X X X
70% X X b X b4 X X X X
60% X X X X X X b X X
50% X X X X X X X X X
25% X X X X X b X X X
0% X x X X 4 X X X X

b. Run full load performance with NATO standard conditions, except
inlet air restriction at 16, 15, 20, 25, 3¢, and 35" HZG.

c. Run full load performance, NATO conditions, except fuel inlet
temperatures of 100 F, 120 F, 140 F and 175 F. Repeat with 120 F ambient
air temperature and fuel inlet temperatures of 120 F, 140 F and 175 F.

d. Run full-load performance at NATO standard conditions except

exhaust restriction at 24" Hzﬂ.

e. Run full-load performance with temperatures as shown for a typical
vehicle installation as furnished by MTU: (Not NATO conditions)
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Cell

Ambient Engine Aftercooler Fuel Temp
Air Temp Coolant Out Coolant In Into Injectors
71 F 185 F 135 F W5 F
100 209 145 127
110 209 151 - 136
12¢ 219 162 147
13¢ 223 163 156

f. Run full load performance with Jet A-1 fuel at NATO standard
conditions.

7. Acceleration Tests -~ Using the in-line shaft torgue sensor, run full-

load acceleration tests, with the dynamameter set at constant speed.
Record time for engine to go fram minimum light load to full load at:

1680 rpm

2100 rpm
2600 rpm

€. C. ddame
24 FEB 81
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TYPICAL DATA — PERFORMANCE RUN — MTU MT883 ENGINE
RUN 97 — STANDARD NATO CONDIT!ONS

SPEED
rpm 2998 2599 2199 2000 1803 1597
POWER
bhp 1465 1440 1362 1251 1054 799
kw 1093 1074 1016 933 786 596
TORQUE
ft-1b 2567 2911 3255 8287 3072 2630
Nm 3480 3947 4413 4456 4165 3566
BSFC
Ib/bhph .371 .359 . 351 .347 .341 .344
gm/kwh 226 218 213.5 211 207 209
INTAKE AIR TEMP
Deg F 72 F 75 72 76 74 74
Deg C 22 C 24 22 24 23 23
COOLANT OUT TEMP
Deg F 200 F 201 200 201 201 201
Deg C 93 C 94 93 94 94 94
OlL SUMP TEMP
Deg F 237 F 229 225 224 215 210
DEG C 114 C 109 107 107 102 99
EXH TEMP
Deg F 1M13 F 1112 1175 1211 1231 1231
Deg C 601 C 600 635 655 666 666
EXH BACK PRES
in H20 14.7 1.7 8.5 6.9 4.2 2.2
mbar 37 29 21 17 10.5 5.5
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APPENDIX C

FUEL & OIL ANALYSIS







BELVOIR FUELS AND LUBRICANTS RESEARCH FACILITY (SwRl)
6220 CULEBRA ROAD—P.0.DRAWER 28510  PH:512-684-5111  SAN ANTONIO, TEXAS 78284

BFLRF
File: 02-1955-180
05 September 1989

Commander

U.S. Army Tank-Automotive Command (TACOM)
Attn: AMSTA-RGE (Mr. Lewakowski)

Warren, Michigan 48397-5000

Subject: Inspection Tests on Fuel Samples

Dear Sir:

Two fuel samples were received from TACOM, a sample of Jet A fuel, simulating JP-8
(AL-18934-F) and a sample of MIL-F-46162, high-sulfur referee fuel (AL-18935-F). These
samples were analyzed to determine if they conformed to their respective specifications. The

enclosed Table 1 shows the results for AL-18934-F and Table 2 shows the results for AL-
18935-F.

The Jet A fuel met all JP-8 specification requirements with the exception of the smoke point

and the fuel conductivity. The extremely low conductivity indicates that the fuel contains
insufficient conductivity additive.

The high-sulfur fuel had a high accelerated stability result. This test was rerun and the high
result was confirmed. The cetane number also tested slightly high. Since the precision of the
cetane number test is + two numbers, this is probably not of great concern. The fuel tested
negative for nitrate-type cetane improver additive.

Should you have any questions on this matter, please call Steve Westbrook at (512) 522-
3185 or Sid Lestz at (512) 522-2582.

Very truly yours,

S.J. Lestz, Director

S.R. Westbrook
Senior Research Scientist

SIJL/SRW/lap (SRW.L)

Enclosure

cf: U.S. Army Belvoir Research, Development and Engineering Center, Attn:
STRBE-VF, Messrs. M.E. LePera, F.W. Schaekel, and T.C. Bowen
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Table 1. Properties of Jet A (Simulating JP-8) From TACOM

ASTM
Test MIL-T-83133C
Property Method Requirements Al-18934-F
Appearance D 4176 Clear & Bright  Clear & Bright
Color D 156 Report +16
Total Acid Number, mg KOH/g D 3242 0.015, max 0.009
Aromatics, vol% D 1319 25, max 17.1
Olefins, vol% D 1319 5.0, max 20
Sulfur, total, wt% XRF (a) 0.30, max 0.13
Mercaptan Sulfur, wt% D 3227 0.002, max 0.001
Distillation, °C D 86
Initial Boiling Point Report 170
10% recovered 204, max 187
20% recovered Report 193
50% recovered Report 210
90% recovered Report 251
End Point 300, max 291
Residue, vol% 1.5, max 05
Loss, vol% : 1.5, max 0
Flash Point, °C D 56 38, min 48
Gravity, API D 1298 37-51 432
Density, kg/L D 1298 0.775-0.840 0.8096
Freeze Point, °C D 2386 -47, max -46
Kin. Viscosity at -20°C, ¢St D 445 8.0, max 5.08
Kin. Viscosity at 40°C, ¢St D 445 NR (b) 142
Hydrogen Content, wt% D 3701 13.4, min 13.7
Net Heat of Combustion, MJ/kg D 240 428, min 42875
BTU/Ib 18,400, min 18,433
Smoke Point, mm D 1322 25, min 21.7
Copper Corrosion D 130 1, max 1a
Thermal Stability (JFTOT), D 3241
Visual Code , <3 1
Change in Pressure Drop, mm/Hg - 25, max 0
Existent Gum, mg/100 mL. D 381 7.0, max 0.9
Particulate Matter, mg/L D 2276 1.0, max 0.6
Filtration Time, minutes Appendix A 15, max ND (¢)
Water Reaction, Interface D 1094
Rating 1Ib, max 1
Water Separation Index, MSEP D 3948 70, min (d) 84
Fuel System Icing Inhibitor (o) 0.10-0.15 <0.01
Conductivity, pS/m D 4308 150-600 16
Cetane Index D 976 Report 469
Cetane Number D 613 NR 473
(a) X-Ray Fluorescence
(b) No Requirement
{c) Not Determined

(d) 85 minimum with all additives except corrosion inhibitor/lubricity improver additive

and the static dissipator additive.

(e) FED-STD-791, Method 5340
(SRW.L)
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TABLE 2. Analyses of Referee Grade Diesel Fuel (MIL-F-46162C) Sample

Properties

Density, kg/L. at 15°C

Gravity, °API
Flash Point, °C
Distillation, °C

Initial Boiling Point

10% Recovered
50% Recovered
90% Recovered
95% Recovered
End Point
Residue, vol%
Sulfur, wt%

Accelerated Stability,
Total Insolubles,

mg/100 mL
Cetane Index (b)

Cetane Number (b)
Kinematic Viscosity at

40°C, cSt
Cloud Point, °C
Pour Point, °C

Particulate Contamination,
mg/L (0.8 pum filter)

Volume filtered, L

Ash, wt%

Carbon Residue, 10%

Bottoms, wt%

Neutralization No.,

mg KOH/g

Copper Corrosion at

50°C

Net Heat of Combustion,

Ml/kg
Aromatics, vol%
Cetane Improver

(a) NR = No Requirement.

AST™M
Test Method

D 1298
D 1298
D 93
D 86

X-Ray
Fluorescence

D 2274
D 976
D 613
D 445
D 2500
D 97

D 2276, modified,
(Appendix A2)

D 482
D 524
D 974
D 130
D 240

D 1319
Appendix

MIL-F-46162C
Requirements

Report
NR (a)
Report

Report

220, min
255 to 305
310 to 360
315 to 365
385, max
3, max

0.95 to 1.05

1.5, max
37 to 43
37 to 43

1.9 t0 4.1
-13, max
-18, max
10, max

1
0.02, max

0.20, max
0.2, max
1, max
Report

Report
Report

AL-18935-F

0.8741
30.3
78

203
226
272
338
362
386
0.5
1.04

2.3
40.9
45.5
3.36
-23
-29
1.7

1
0.002

0.16
0.14
1A
42.193

427
Neg

(b) D 613 is the preferred method but either is acceptable, provided fuel does not contain cetane

improver.

(SRW.L)




BELVOIR FUELS AND LUBRICANTS RESEARCH FACILITY (SwRI)
6220 CULEBRA ROAD—P.O.DRAWER 28510  PH:512684.5111  SAN ANTONIO.TEXAS 78284

BFLRF

File: 02-1955-180
02 August 1989

Commander

U.S. Amy Tank-Automotive Command

Attn: AMSTA-RGRD, Mr. Ellsworth C. Adams

Warren, Michigan 48397-5000

Subject:  Analysis of MIL-L-2104 15W-40 Reference Oil

Dear Sir: |

A sample of Army reference oil, MIL-L-2104, grade 15W-40, designated AL-18886-L, was analyzed,
and the properties were compared against the blending tolerances for this product.

The data are presented in the following table:

MC-2777
Property AL-18886-L Tolerances ~ Comment
Viscosity, 100°C, ¢St 13.05 13.25-14.25 Low
Viscosity, 40°C, ¢St 101.68 91.0-121.0 OK
Flash Point, °C 237 215 min OK
Sulfated Ash, wt% 0.79 0.88-1.18 Low
Elements, wt%
Sulfur 0.78 0.46-0.70 High
Phosphorus 0.08 0.126-0.168 Low
Calcium 0.12 0.15-0.20 Low
Zinc 0.09 0.149-0.192 Low
Nitrogen 0.038 0.059 min Low
Magnesium 0.042 0.050-0.066 Low
Boron S ppm Trace OK
Copper NIL NIL OK

c-6




APPENDIX D

PHOTOGRAPHS

MTU MT883 ENGINE
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