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I. INTRODUCTION

There is iin acknowledged need for the development of fuexs which will burn satisfactorily in
engines but wi'i not burn as a result of enemy attack on combat vehicles. The availability of' such a
I'tel would not only reduce vehicie vulnerability resulting in a saving of lives, but would also rnrovide
,,or significant weight savings due to reduction in armor surrounding the vehicle fuel tank system.
One approach currently being investigated involves using halogenated hydrocargors and is
principally a result of research done by the Terminal Ballistics Laboratory at the Ballistics Research
Labs. Initial res;earch was conducted on diesel fuel cotetaining dibromomethane and vulnerability
results indicated significant reductions in fires when dibromomethane up to 10 r rcent vol was
added to the fuel. Following the initial vulnerability experiments, the treated fuel was evaluated in a
single cylindei research ergine (CFR) and a six cylinder production engine (Cummins) for per-
formance and possible materials degradation. CFR engine rrxsalts showed there to be no significant
effects c-n fuel ignition quality. Work with the Cummins engine showed there to be a significant
decrease in power output (predicted by the decrease in Btu) although the engine was responsive
throughout the speed and load range. Additionally. some attack of combustion products on engine
materials was noted.*

Continued research for the best type material to achieve maximum vulnerability reduction
resulted in a change from dibromomethane to a mixture of materials containing approximately 85
wt percent bromochloromethane, 10 wt percent methylene chloride, and 5 wt percent methylene
bromide (referred to as BCM). Gunfire tests indicated a good measure of fire safety when 5 percent
of this mixture was added to diesel fuel. However, the following questions remained to be
answered:

* How would diesel fuel + 5 percent bromochlorornethane respond in diesel engines'?

* What is the composition of the exhaust and what affect might this have on human,
animal, and plant life?

* What arc the flammability limits of bromochloromethane when blended into diesel fuel?

Since answers were not readily available from prior research or previously compiled data, these
questions formed the basis for the research work described in this and companion reports.

*•USAFLRL Lett"r Report to TBL, 6 November 1972. SubI: Evaluation of Dielel Fuel Containing Dibromomethane (Con-

tract DAADOS-72-C-0410).
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II. SUMMARY AND CONCLUSIONS

A series of experiments were performed in a single cylinder research engine using diesel fuel
and diesel fuel plus 5 vol percent bromochloromethane in order to determine the response of the
fuel blend to changes in injection system parameters. Initial baseline data showed a decrease in
power for BCM-containing fuel run under the same conditions as diesel fuel. When run at diesel
power, there was a significant decrease in efficiency. A series of experiments was then conducted to
investigpte injection system variables including camshaft profile, barrel and plunger diameter, injec-
tion nozzle configuration, and nozzle hole size. Part load performance was also evaluated. From
these experiments, the following vwas concluded:

* Open chamber diesel engines can be modified to perform satisfactorily on diesel fuel plus
5 percent 8CM (satisfactorily defined as diesel power) and no greater than 9.4 percent
increase in fuel consumption on a mass basis.

* Diesel fuel plus 5 percent BCM responds batfically the same as neat diesel fuel to changes
in the fuel-air mixing parameters. However, diesel fuel plus 5 percent BCM is more sensi-
tive to changes than neat diesel fuel.

* Presence of 5 percent BCM has no deleterious effect on the ignition delay period.

* The data indicate there to be no chemical inhibition of the combustion process due to "he
presence of 5 percent BCM. The treated fuel burns like a diesel fuel, although more Btu
input is requ'red to overcome the heat capacity of the BCM.

* Differences in the combustion events between diesel fuel and the treated fuel can be
ex:plained by the differences in viscosity, density, and volatility which affect the injected
spray pattern.

2
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• Ill. PROGRAM PLAN AND~ OBJECTIVES

Following the engine runs with dibromomethane, questions arose concerning the type of
changes which would have to be made to an engine in order to achieve diesel fuel power levels and
still maintain reasonable fuel economy. As a result, the decision was made to conduct a combustion
study of diesel fuel treated with 5 percent BCM in a single cylinder research engine. The principle
objective would be to determine the response of the fuel blend to changes in injection system
parameters in order to establish guidelines .,nder which full scale er,•ines cou:ld be modified to
achieve z, atisfactoti, performance on diesel fuel + BCM. A secondary objective was to determirne the
mechanism of combustion inhibition of bromochloromsthane in diesel fuel.
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IV. PROGRAM DETAILS

A. Fuel Properties

The physical and chemical properties of the base diesel fuel and treated fuel are compared in
Table I. The base fuel was a reference. diesel fuel (Cat I-H) used for oil testing with properties
typical of No. 2 diesel fuels. The specification under which the fuel is procured is quite narrow and
closely controlled, aad significantly reduc.is the batch to batch variations. Therefore, the property
control of the test fuel was insured throughout the duration of the program. The bromochloro-
methane was added at 5 percent by volume to the base fuel. The particular properties whose

differences may affect the spray and
TABLE I. NEAT AND TREATED FUEL PROPERTIES combustion process are compared in

Table 2. Addition of bromochloro-
Neat Preer DiylFuel methane increased the density while

Fuel(Cat .-H) +5% BCM significantly decreasing the viscosity.
Density 0.86 0.90 The heat content was decreased on a
Viscosity at i0001. 3.40 2.56 mass basis that is a total of 9.4 per-
Flash Point, 'F 185 +230 cent for the test fuel with 5 percent
Cloud Point, F +23
Pout Point, 9 F +18 bromochloromethane and 4.5 percent
Water & Sediment 0 on a volume basis. Additionally, the
Carbon Residue, % 0.10 boiling range of bromochloromethane
Lamp Sulfur, % 0.415 is approximately 1050 to 2000F.
Acid No. 1.08
Aniline No.,* F 145 whereas, the initial boiling point of
Coppet Corrosion IA the base diesel fuel is approximately
Distillation, *F

IBP 410 140 4100 F. Therefore, there are ,ignificant
10% 468 445 heat content and physical property
50% 519 520 differences between the two fuels
90% 603 601
FP 689 675 which would not only account for a

Cetane No. 47 difference in power output, but could
Heat of Combustion, also result in a significant spread in

BTU/ib 19.550 17,673 injection system and spray per-

formance.
TABLE 2. FUEL VARIABLES MOST SIGNIFICANT TO

SPRAY AND COMBUSTION B. Engine Parameter Investigation

Density BTU/ban F l. Description of Engine

Diesel Fuel ThIniecosnfrti
(Cat I-H) 0.86 19,500 139,483 3,40 410 -689 The engine chosen for this

15% BCM 0.90. 17,672 133,145 2.56 140-675 phase of research was the cooperative
lubricants research (CLR) open-
chamber diesel engine manufactured

TABLE 3. CLR OPEN CHAMBE R ENG~fli by the Laboratory Equipment Corpo-
ration (LABECO). Engine characteris-

Stroke 3.5• in. tics are shown in Table 3, Of particu-

Displacement 42.5 in' lar interest is the relatively non-typical
Compression Ratio 16.5:a valve overlap of 380 as compared to a1 ~Valve Timhi$ (0n) Ir OTDC•-$ir ANXC

(Fx) 124° ATDC-20' ATDC more normal 4 or 50. By way of
3r OvefI explanation, LABECO has developed

a widely used spark-ignition CLR

4
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engine and has done very little development on the diesel version. Many parts of the two engines.
including the camshaft, are interchangeable. Therefore, the over!ap normally associated with spark
ignition engines was also
found on the diesel version.
The overlap, combined with injector

the relatively low (for an
engine of this displacement) o Piston
161/2 to I compression ratio, Combustion

results in relatively anemic Chamber
performance under best
diesel conditions, but still
provides an adequate re-
search tool for comparing Cyfinder
the relative combustion per- WwII

formance of fuels. The com-
bustion chamber utilizes a
deep, small diameter cup in
the piston into which the
fuel spray is directed (Fig-
,re I). Additionally, a

shrouded intake valve is
used to control air swirl in
the chamber.

2. Baseline Data FIGURE 1. CR OPEN CHAMBER ENGINE (HALF SIZE)

Initial runs were
conducted to obtain base- 12
line data on the reference
diesel fuel as well as prelimi-
nary data on diesel fuel con- 10
taining 5 percent 6CM.
These results are shown in
Figure 2 along with the en- 8
gine conditions (Tpbie 4) in 70 Dieselwhich indicated horsepower x W/oCM
and indicated specific fuel 6 A Equal Diesel Power w/BCM
consumption are plotted
versus engine speed. These
data represent best power
timing for diesel fuel at C- 0.6
No. 5 to No. 7 smoke level
(Robert Bosch). Then the
cent BCM) was run under 0.

conditions identical to the
diesel fuel. A lower horse-
power curve was the result. 1000 1400 1o0 2200 2600
Additionally, there was a Speed, RPM
decrease in efficiency as FIGURE? 2ASELINERESULTS
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TABLE 4. DASELINE COMPARISON indicated by the higher ISFC for the treated
Nozzle: NL-141 Camshaft: Basic Metric fuel. Therefore, under identical engine condi..

4 Hole tions, both a decrease in power and efficiency
0,0098.in. Dia. Plunger Dia: 10 mm were noted with the bromoch•orcmethane con-
3,02 X W't0- in' Area taining fuel. The final set of baseline data was

Nozzle Opening: obtained by increasing the flow rate of fuel
Enkgirn Speed, aRM 2500Rp withi BCM so that the same power, as indi-

'4'0'00 - 0 - cated with diesel fuel. was obtained. Under

Diesel Indicated Horsepower 7.0 9.0 1lo0 these conditions., the indicated specific fuel
Fuel ISFC, tb/IHp-hr 0.419 0.389 0.377 consumption was the primary comparative

criteria, and as illustrated in Figure 2, there
Diesel Fuel
+ 5% BCM, Indicated Horsepower 6.8 8.6 10.6 was a decrease in effidimcy ranging from 10
Dieml ISFC, lbIlHp-hr 0.464 0.394 0.447 to 40 percent with the greatest difference
Conditions shown at higher speeds.

+ %~ Indicated Horsepower 7.0 9.0 11.0 3. Criteria arid Test Proceitures
IDiesel Power SFC, Ib/I6 phr 0.506 0.427 0.541

-.. -. - As a result of the data obtained
during the baseline evaluations, a procedure

was established in which the primary criteria for comparing performance of fuels (with and witiout
FICM) would be engine efficiency in terms of ISFC. This procedure involved operating at 1400,
1800, and 2600 rpm (the indicated horsepower level obtained during the baseline runs), Best power
timing would be established for each fuel and each set of injection system variables and fuel rate
determined. Therefore, power would be the independent variable and fuel rate or efficiency would be
the dependent variable. Satisfactory performance for this series of experiments was defined as
horsepower equal to diesel performance with the best specific fuel consumption possible over the range
of variables investigated. Based cn the difference in heat content between diesel fuel and diesel fuel +
5 percent BCM, a decrease. in ISFC of 9.4 percent would represent equal Btu utilization.

4, Experimirtal Remilts

The experimeuital program involved an investigatioi. o4 the injection system variables
shown in Table 5. Timr did not permit a full factorial matrix of experiments, them.fore, runm wete
selected to provide the following comparisons:

a. C&wrna't Profile Effect

4 Hole Nozzle (3.02 X 10 4in2) Area; 10 mm barrel and plunger
Slow Rate vs Fast Rate

b. Bwrew & Plunger

4 Hole Nozze -- 10 mr vs 7 mm
5 Hole Nozzle - 10 mm vs 7 mm

c. NoW/e

(I) Effect of Number of Holes (Total Area Equal)

10 mm B&P- 4 Hole(3.02 X 10- 4 in2 )VS

6 Hole (2.94 X 10- 4 in)

6
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7 rrar, B&P--- 5 Hole (2.45 X 10- 4 in2) vs

3 Hole (2.26 X 10- 4 in2)

(2) Effect of Total Art* (Number of Holet Equal)

10 mrta B&P - 4 Hole 3.02 X 10" 4 in2 vs 5.23 X 10-4 in2)

In all" cases, runs with diesel TABLE 5. DESCRIPTION OF INJECTION

fuel and diesel fuel with bromochloro- SYSTEM VARIASLES

methane were made back to back. Dupli- c -

cate runs were made with several of the
"variables when data appeared question- Slow Accelention Rate

able and a part load analysis was con- Fast Accolerltin Rate

ducted to verify full load results. Addi- qmd"
tionally, combustion data were obtained
on most of the runs. Heat release data 3 Hole 0.0098 In. Diamneter 2.26 X 10-4 in2 Total Area (123)

4 Hole 0.0098 In. DMmete 3102 X 10-4 in' Total Area (141)
were calculated from the pressure time 4 Hole 0.0129 In. Diameter 5.23 x 10-4 in' Total Ame (537)

diagrams for analysis of events during 5 Hole 0.0079 In. Diameter 2.45 X 10-4 in' Total Area (6961)

the combustion expansion parts of the 6 Hole 0.0079 In. Diameter 2.94 x 10- in' Total Area (6969)

cycle. The engine performance and corn- 9wel and flqpw

bustion data are contained in Appendix I
and heat release data in Appendix II. 7 mm

The results of each of the performance 10m

comparisons were as follows:

(3) Mffect of Injection Pump Camshaft Profile

The two profiles investigated are characterized by the curves and data st;pplied

by American Bosch in Figures 3 and 4.

The basic metric camshaft, which is standard with the CLR diesel engine, provides

a relatively low acceleration rate, whereas the tangential cam is a fast acceleration cam resulting in

higher insta-ntaneous plunger velocity during the initial part of the delivery stroke. I he relative

effect of camshaft accleration rate is Illustrated by the comparisons with diesel fuel and diesel fuel

+ 5 percent BCM in Figure 5. As previously stated, all data were obtained at the same power setting,

therefore, efficiency, in terms of indicated specific fuel consumption, is the primary comparative

criterion. The effect of the injection system variable on diesel fuel performance is shown at the top

of the figure and on diesel fuel + 5 percent BCM at the bottom of the figure. Therefore, die•el fuel

performance can be compared as a function of the injection system variable as well as compared to

the performance of diesel fuel + bromochloromethane. For this companion, the 10 mm barrel and

J1 plunger and 4 hole nozzle were utilized. The basic metric cam data was obtained during the baseline

part of the evaluation so that data were obtained at only 3 speeds. The tangential camshaft data

were obtained at the 4 speeds which will be carried through for the remainder of the comparisions.

Data compiled in Figure 5 indicate that disel fuel performance, etpecially

through the low and mid-range, was sidfizantly improved with the higher acceleration profile
although the difference in efficiency decreased at the higher speed. The treated fuel, on the other hand,

performed significantly better with the higher injection rate throughout the speed range. The dif-

7
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that the rate of injection, which controls rate .50 a ow A eleretton Camy,
of burning, is of greater significance with the A Ftst Acceleration Um

BCM inhibitor in the fuel than for the refer-
ence diesel fuel itself. While this could be ex- 46
plained in terms of a chemical inhibition on
rate of combustion, it could also be due to .42 Diee

the effect on injected spray pattern and the V:ue,
need for injecting a greater quantity of fuel in .40 £
order to achieve equal horsepower output.
The analysi. of !1l, combustion event is dis-
cussed in more detail on page 15 of this report. .3
As a result of these experiments, it was To 0,541
decided to conduct the remainder of the
experimental program using the tangential .s0
camshaft. .4ewi Fuje

(4) Effect of Plunger and Bar- .46
rel Size

Two plunger and barrel .42

diameters, 10 mm and 7 mm, were utilfied to .40
evaluate the effect of this variable. Data were
obtained with two different nozzles, the 4 .38

hole (3,02 X 10-4 sq in. total area) and 5 .36 __.L __, . ___

hole (2.45 X 10-4 sq in. total area). A com-
parison with the 4 hole tip is shown in Fig- 120 160 2=oo 2400

ure 6. The 4 hole tip and 10 mm barrel and RPM

plunger combination provided the best oper- FIGURE S. EFFFATr OF CAMSHAFT
ating performance throughout all experiments (10ymtr B&P4-4olt. Nozzle)

for the diesel fuel + BCM. Changing to the 7 mm barrel and plunger, which would have the effect
of decreasing the time rate of injection, resulted in a significant decrease in efficiency. A similar
decrease in efficiency was noted at the lower speeds with diesel fuel. However, at the 2000 and
2400 rpm operating points, an improvement in efficiency with the 7 mm bairel and plunger was
observed. This is believed to be a tradeoff between fuel-air mixing and rate of injection. At the
lower speeds, the higher rate of diesel fuel injection with the 10 mm barrel and plunger provides
better atomization and mixing, thus resulting in improved combustion. However, at the higher
speeds, the injection rate with the 7 mm barrel and plunger is sufficient for adequate atomiza-
tion and the slower rate of injection results in improved combustion control, therefore providing
an improvement in efficiency. AnalyaIs of the combustion data showed slightly advanced timing for
the fuel with BCM compared with neat diesel, but approximately the same injection duration. There
was no significant affect on ignition delay.

The performance comparison with the 5 hole tip is shown in Figure 7. Perfor-
mance with the 5 hole tip for both diesel and 3CM was poorer than with the 4 hole nozzle. However,
again diesel fuel appeared les sensitive to injection rate than did diesel fuel + BCM. While there was a
significant difference between the 7 and 10 mm partormance with BCM, the difference in perfor-
mance with diesel fuel was less pronounced. In fact, at all but the high speeds, the 7 mm batrel and
plunget performed as well, if not better, than the 10 mm barrel and plunger. The higa speed data
were affectea by the occurrence of multiple injections which were ultimately brought under control
by increasing the nozzle opening pressure.

9
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(5) Effects of Nozzle Ccnfiguralton

Three types of comparisons were, made to observe the effect of nozzle config-
uration. Two sets ef experiments were conducted with nozzles having approximately equal areas,
but different number of holes. Then, a comparison was made with equal number of holes to
determine the effect of total area. The results of these comparisons are as follows:

* Effect of Number of Holes (Areas Equal)

The first set of experiments was conducted with a 5 hole nozzle of 2.45 X
10-4 in. total area, and a 3 hole of 2.26 X 10-- sq in. total area. The 7 mm barrl and plunger

was used for these experiments and the results are shown in Figure 8. For both diesel fuel and diesel
with SCM. 5 hole nozzle performance was
better at the low speeds, whereas, 3 hole
nozzle performance significantly improved 9 3 H*4 (2.26 X 10- 4 2 )

at Cie kLighier speeds. In both cases, this can A 5 Hft~ 12A5 X 1io4 in2t

be explained by an improvement in spray
distribution for the 3 hole nozzle as engine.4
speed and aix movement in the cylinder
increased. The 5 hole nozzle performance -44

was probably poorer as a result of under- .42 A£/0 Moelw
penetration and failure to mix well with

* ~~the air in the outer perimeter of the chain- 4
ber. The difference at the 2400 rpm speed .3
with BCM emphasizes again the importance.3

* of good atomnization and mixing with air
regardless of the presence of inhibitor.

Got

The second ex- Deita Fual
periment in this se-nes compares the 4 hole .4 *5% SCM
nozzle performance (3.02 X 1i-4 sq irt.) .44f

to 6 hole nozzle (2.94 X 10- 4 sq in.)..4

These data werei .42
obtainedl using the t0 mm barrel and 4
plunger and are illustrated in Figure 9. As
with the 3 and 5 hole nozzles, the direc-
tional effects of the 4 and 6hole are the .

same with diesel fuel and the 3CM-con-1= M M 24taining fuel. However, the relative dif-120 16 200 40
ferences are much greater with the 901. R
The difference in number of holes with pMUpjp 8. 1Wpgr OF NUsMM OF nWua
the diesel fuel would have the offect of (7..l MM?
under-penetration with the 6 hole nozzle
as the speed increases, resulting ilm a elatively rich zone towwd the clanter of the chamber
and a lean zone toward the wulis. As a result, combustion efficiency sitters It wa Interesting
to note the same general response of dieel +IBM to the change in hection system as ob-
served with diesel fuel.
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* Effect of Nozzle Area (Number of Holes Equal)

The final comparison of the effect of nozzle configuration was made with
two nozzles having 4 holes, one with 3.02 X 10-4 sq in. total area and the other 5.23 X 10- 4 sq in.
total area. The I0 mm barrel and plunger were utilized for these comparisons as shown in Figure 10.
Since the small do hole nozzle had th'. best performance for BCM and diesel fuel, the increase in total
area resulted in the degradation of performance for both fuels. However, again the degradation was
more marked far BCM than diesel fuel. In this case, the difference was expected since the poor
performance was probably due to over-penetration and poor etomization.

(6) Part Load Analysis 2000 RPM
Best Power Timing

To verify that the relative
performance of diesel fuel containing bromo- 10 mm B&P Tangential Cam
chloronethane was basically the same 4-Hole Nozzle (141)( 2500 Psi Opening Press
throughout the enginae load range, a series of
experiments was run at 2000 rpm (best power 0 olese Fuel
timing) utiliz'ing the 10 mm barrel and 0.45 D +6% 3CM

plunger and 4 hole nozzle. These data, illus- ,0 +100 3C -
trated in Figure 11, were obtained with diesel "'

, fuel, diesel fuel plus 5 percent BCM and diesel
fuel plus 10 percent BCM. With each fuel, the 0.40 •

engine was set up at the indicated horsepower A /
level established during the baseline runs, then A
the fuel flow rate systematically decreased 0 0.35 o,,0000-
until the misfire limit was reached. Since the Li

engine was run at constant speed, the airflow
rate was essentially constant, thus resulting in

0.30
a decreasing fuel-air ratio as the fuel flow rate
dropped. However, as may be observed by the
three curves, the relative effect of the BCM in
the ffiels remained essentially unchanged 0.25 -
throughout the load range. Therefore, it was 1.0 2.0 30 40 6.o
concluded that diesel fuel with BCM re- Fuel Flow Rate, lb/ht
sponds basically the same regardless of en- FIGURE 11. EFFECT OF FUEL FLOW RATE (ENGINE
gine load. LOAD) ON PERFORMANCE

13
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V. DISCUSSION

From the results of these tests, the following observations are apparent:

• The response of diesel fuel with 5 percent BCM is in almost all cares directionally the
same as diesel fuel with regard to injection system parameters. The treated fuet, very often showed a
greater sensitivity as far as response was concerned, however, it was demonstrated that satisfactory
performance (ISFC within 9.5 percent of diesel fuel performance) could be obtained with the BCM
containing fuel. Therefore, the primary objective of the project was met.

* The data obtained provide no clear-cut evidence of the mechanism of BCM flame
inhibition in diesel engine opuration. If the inhibiting mechanism could have been described, greater
flexibility would be provided to the person ultimately responsible for achieving satisfactory perfor-
mance in real engines in the field. Additionally, some insight could also be provided in describing
the manner in which BCM inhibits combustion under ambient pressure and temperature conditions
and provide improved vulnerability. There are two mechanisms generally proposed for flame inhibi-
tion. The first is a chemical inhibition in which the added material, or some of its reacted species,
interferes with the free radical formation process necessary for hydrocarbon fuel ignition and
combustion. The second mechanism suggested is a function of the physical properties of the fuel
additive. Those additives having a high specific heat produce a heat sink effect precluding the
attainment of stable flame temperatures. A possible contributor to both mechanisms is the high
volatility of the bromochloromethane relative to diesel fuel in a low temperature environment
(under 4000F). The quantity of BCM in the vapor state over the liquid will be significantly greater
(as much as several hundred to I ratios) than the 5 vol percent added into the base fuel. Therefore,
under some conditions, an additional contributing mechanism would be the overpowering presence
of an inert material resulting in air-fuel ratios too lean for combustion. This factor is probably not
too impcrtant in open chamber diesel engine combustion, but could be of significant importance in
pre-chamber and MAN systems.

Until recently, it was generally considered that the halogenated materials functioned by a
chemical inhibiting process. However, a presentation* was made by Eric R. Larsen (at an ACS
meeting) which very strongly supports the heat sink mechanism :heory. Unfortunately. the conclu-
sions related in this presentation were based on the results prjsented in other publications (they
conducted no experiments themselves), so there is reason to question the validity of their conclu-
sions. Also, most prior publications and many workers in the field generally subscribe to the
chemical inhibition mechanism even though there is no supporting data.

This comparison is illustrated in Figure 12 with diesel fuel results shown at the top and
BCM at the bottom. The injection system configuration for each data point is indentified on the
curve. As previously noted, the best performance for both BCM and diesel fuel was obtained with
the 4 hole nozzle, although BCM performance was best across the board with the 10 mm barrel and
plunger, whereas the diesel fuel responded best with the 10 mmm system at low speeds and the 7
mm barrel and plunger at the higher speeds. The wont performance ccmparison is not so ceirect.
First, it is interesting to note that the degradation of performance with the DM was signifi antly
greater than the worst cases for diesel fuel. Secondly, the low-speed results were approximatel y the
same. That is, the performance with the 3 hole nozzle and 7 min barrel and plunger was worse in

H.Dcgsaated Ffr Extdo•midu : A thysfl Medmsm of Fw Sppsimrl. Ede R. Larmo, Dow ChsemiW Co. Ptwmntod at the
164th NmtkMWal ACE iMsf•eg As *-31,913, WPMO N IMOM14.
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both cases. Although at 1600 rpm, the 6 0 Sest Performance All Runs
hole and 5 hole nozzle performance waIs .5 A Worst Performance All Runs

almost as bad with BCM. The degradation
of performance at high speed, however, .48 4

sbows, a different effect. With diesel fuel, " ole (Ae
worst performance was obtained with the 7mm A 54Hol
large area 4 hole nozzle and 10 mm barrel .44 - ~ 7mm ole

and plunger which resulted in very poor AUHl

mixir~g and over-penetration. However, the ~~Iomm
worst performance with the BCM was with .40 '4Hl

the 5 and 6 hole nozzle which would tend .3 1 Sm Hole
to result in under-penetration of the spray, 7mm

thus concentrating the fuel in the mid-part .36 0

of the chamber. 3 Hole 4 Hole)
?mm 7mm

Injection aund combustion data .50 A 6 Hole

for the conditions in Figure 1 2 were corn- 3.Hol
pared to investigate the combustion event 3 .. \Hl "iiOi i0 n
during the first part of the burning cycle. A541

Diesel fuel performance is illustrated in LL .4 P-*5%B
Figures 13 and 14, and diesel fuel plus L 4
BCM in Figures 15 and 16. Injection per- .4
formnance is described in terms of start of A40-........ oeO0014Hl
injection and injection duration, and the lm
combustion parameters are ignition delay, .3

maximum rate of pressure rise and the .36
occurrence of max pressure. Combustion 120 0& 2000 2400

data with the 6 and 4 hole nozzles and RPM

photographs were not obtained; therefore, FIGURE 02. CCJMPARISONOF BEST AND WORST PERFORMANCE

0 Buat Performance
A Worst Performance a Bell Performance

30 - 4&A Worst Performance
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FIGURE 15. DIESEL FUEL WITH 9CM FIGURE 16. DIESEL FUEL WITH BCM

the comparison at 2400 is with the 5 hole 7 mm system which resulted in almost as poor a
performance as the 4 and 6 hole nozzles for diesel fuel and diesel fuel with BCM, respectively.

When comparing the best and worst performances with BCM in terms of injection charac-
teristics. results principally showed that at the higher speed, poorer performance was accompanied
by longer duration; however, this was also the case with diesel fuel. The combustion data demon-
strated no significant difference in ignition delay for the best and worst conditions, and when
compared to diesel fuel, showed that there was no significant effect due to the presence of BCM.
The best performance with BCM generally had a higher rate of pressure rise, and at the higher
speeds, the occurrence of max pressure was later in the cycle. Again, these two trends were
generally noted to be the same with diesel fuel.

The comparison of the injection and combustion results showed that the neat diesel fuel
and diesel fuel plus BCM responded basically the same to changes in injection parameters. The part
load analysis provided the same results. In addition to the same relative difference in ISFC through-
out the load range, the lean flameout limit (the point where misfire occurred) was essentially the
same in terms of diesel fuel flow rate, thus indicating no chemical interference in the lean region.
Since the response was basically the same with and without BCM and there was no affect on
ignition delay, it was concluded that there were no inhibiting effects during the combustion event
from start of injection to occurrence of maximum combustion pressure. The absence of inhibition
of the ignition delay process strongly suggested there was no chemical inhibition since free radical
formation is essential ro compression ignition. However, there remained the possibility that

Schemical inhibition might be a function of the presence of reacted halogenated species requiring
temperatures above that found during the pre-flame period leading to the ignition and rapid
combustion of the initial caprge of fuel. Therefore, in order to evaluate combustion inhibition
during the lIter pa~rt of the combustion• e-ant, a mix o/" heat release analysis was conducted. This -analysis utilizes a computer program which calculates the heat release required to create the pressure

16M
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cdiflerence betwen the firing and motored trace. Input data for the analysis is derived from
pressures and crank angles read from the pressure time diagrams. Tabulated data for the analysis

tl'd the r-softs ire in' Appendix II.

For the purposes of tht analysis, plots were made of several of the comparisons pre-
viously discussed. Figure 17 illustrates the rate of heat release for diesel fuel and treated fuel

1600 RPM
Best Power Timing

10 mm B&P Tangential Cam
4-Hole Nozzle (141) 2500 Psi Opening Press

0 Diesel Fuel (13FC - 0.362)

0075 X +5% BCM (ISFC - 0.3801

0.050

0.025 8TDC
S~ATDC

20l 1010 2 30 soo7

S0.025 - 0

10 

6

0 Crank Degrees

0,075

FIGURE 17. COMPARATIVE HEAT REIEASE VS CRANK ANGLE

when run under the best conditions and are compared at 1600 rpm. Absolute numbers of dQ/dO
data are not as important as the relative occurence of heat release events. Of principal interest is
the shape of the curves which illustrate that the heat release period is essentially the same for
both diesel fuel and the fuel treated with BCM.

Another comparsion between diesel fuel and the treated fuel is made in Figure 18. In
this evaluation, the ISFC of diesel fuel was substantially better than that with BCM. However,
again the heat release rate curves essentially follow each other in terms of the time in the cycle
at which significant heat release took place. Other curves demonstrated the same type of perfor-
mance thus leading to the conclusion that the presence of BCM does not inhibit the combustion
process during the pressure build-up and expansion event as might have been anticipated had
there been a chemical inhibiting mechanism involved. Therefore, as a result of these analyses, the
conclusions of Larsen repgading the inhibiting mechanism of the halogen materials is strongly
supported primarily because It is principally a physical effect rather than chemical, and the
effects of blending SCM into diesel fuel %.uses performance variation in engines as a result of
significant chanls in heat content, density, and viscosity.
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1200 RPM
Bast Power Timing

7 mm IR&P - ngential Cam
3-Hole Nozzle 2500 Psi Opening Press

0 0,oi-w Fuel (ISFC -- 0,478)

0.075 x 5% 8CM (ISFC - 0.525,1

0.050

0.025 AO

0 0 1 mn
1010 20 30 4 1 7

2 :Crank Degree,

FIGURE 18. COMPARATIVE HEAT RELEASE VS CRANK ANGLE
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ENGINE PriFORMANCE AND COMBUSTION DATA

FUEL: Diesel CAMSHAFT: Tangential

NOZZLE: 4 Hole PLUNGER DIA: 10mm
0.0098" Dia
3.02 X 10-4 in2 Area

Nov0 _w_____EM

Engine Speed, rpm 12100 1600 2000 2400

Indicated Horsepower 5.13 8.0 10.2 12.5

iSFIZ, Ib/lhp-hr 0.402 0.381 0.363 0.379

Start of inject~on, *BTDC 20.0 20.0 22.5 24.6

End o~f injection, 'BTDC 8.0 6.0 6.0 4.0

Occur. of Rapid Riw, " TD 8.6 6.5 7.0 6.5

Occur. of Mtx Press.,'ATDC 7.0 8.0 8.0 9.0

Max Comb. Press., psig 8130 700 640 540

Ignition Delay, '11.5 13.0 15.5 18.0

Avg Rate, pail 0  30.0 30.0 25.0 22,0

Max Rate, psi/* 120 140 l12l 1e7

Conmments:
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ENGINE PERFORMANCE AND COMBUSTION DATA

FUEL: Diesel CAMSHAFT: Tangential

NOZZLE: 4 Hole PLUNGER DlA: 10rmm
0.0098" Dia
3.02 X 10-4 in2 Area

Nml _wn rs 0 a

Engine Speed, rpm 1200 1600 2000 2400

Indimaed Horsepower 5.8 8.0 10.2 12.5

ISFC, Ib/Ihp-hr 0.402 0.386 0.370 0.384

Start of Inljectionl, *BTDC 20 20 23 25

End of I njection, *BTDC

Occur. of Rapid Rise, * BTDC

Occur. of Max Preom., * ATDC

Max Comb. Pres., psig

Ignition Deay.

Avg Rate, pair

Max Rate, psiP-- _

Commtents: Duplicate Performanca Data
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ENGINE PERFORMANCE AND COMBUSTION DATA

FUEL: Dieu3i+ 5% SCM CAMSHAFT: Tangenitial

NOZZLE: 4 Hole PLUNGER DIA: 10mm
0.0098" Die
3.02 X 10- in2 Area

Nozzle 0 .ing Press: s

Engine Speed, rpm 1200 1600 2000 2400

Indicated Horsepower 5.8 8.1 10.2 12.5

ISFC, lb/Ihp-hr 0.428 0.388 0.388 0.407

Start of I njection, B TDC 18.0 20.0 22.0 23.5

End of I njectlcon, * BTDC 5.5 5.5 4.5 2.5

Occur. of Rapid Rise,* BTDC 8.0 8.0 7.5 7.5

Occur. of Max Press, * ATDC 8.0 7.5 9.0 11.5

Max Comb. Prem., psiq 740 700 600 520

Ignition~ Delay, 10.0 10.0 14.5 16.0

Avg Rate, psi/ 26 26 22 17

Max Rate, or ~ 76 124 106 115

Comments:
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ENGINE PERFORMANCE AND COMBUSTION DATA

FUEL: Diesel + 5% 5CM CAMSHAFT: TangentialI

NOZZLE- 4 Hole PLUNGER DIA: 10mm
00G08"' Dia
3.02 X 10-4 jn2 Area

*Nonzle 00w Poil___
Engine Speod, rpm ~ 1200 1600 20OGC 2400

Indicated Horsepower 5.8 8.1 10.2 12.5

ISFC, Ib,1lip-hr 0.417 0.396 0.391 0.40e

Start of injection, BTDC 18 20 22 24

End of Injection,

Oocur. of Rapid Rite, * BTDC

Occur, of Max P-uui., 0ATDCC

Max Comb. Prm.s, peig

Ignition Weay,

Avg Rate, peif*

Max Rate, psi/"

Comments. Duplicate Performance Dats
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ENGINE PERFORMANCE AND COMBUSTION DATA

FUEL: Diesel CAMSHAFT,- Tangpntia!

NOZZLE:, 4 Hole PLUNGER DIA: 7mm
0O0098" Dia
3.02 X 10O4 in2 Area

Engine Speed, rpm 1I0 1600 200 2400
Indlicate~d Floispower 5.9 8.2 10.6 12.0

ISFC. Ib/lhp-hr 0.459 0.418 0.352 0.358
Star! of Injection, 0 BDC 12.0 1i6.0 21.0 24.
End of Injection, 0 .5 ATC 1 .5' BTC 4.50 BTC 5.00 BTC

Occur. of Rapid Fise, 0BTDC 1.0 4.5 5.5 5.5

Occur, of Ma-A Press., uATDC 11.0 8.0 5.0 e.o
Ma.< Comb. Prow., pvig 460 400 340 320

lgniti-in Delay, 011.0 11.6 15.5 18.5

Avg Rate, psi/O1 14 17 14
Max Rato, psi/ 604 62 162

Comments:
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ENGINE PERFORMANCE AND COMOMWION DATA

FUEL: Diesel +5%BSCM CAMSHAFT: Tangential

NOZZLE: 4 Hole PLUNGER DIA: 7mm
0.00=" Dia 2Ae3.02 X 10-4 in2 r

-In Press: 5001
Engine *Sped, rpm 1200 1600 2000 2400__

Indicated Horsepower &.0 8.2 10.6 12.6

ISFC, Ib/thp-hr 0.473 0.45 0.424 0.444

Start of InjetIon, *BTDC 14.0 18.0 22.0 24.5

End of I njection, *BTDC 3.5 2.5 4.5 4.0

Occur, of Rapid Rise, *BTDC 5.5 6.5 7.5 7.5

Occur. of Max Press., IATDC 8.0 7.5 8.0 5.0

Max Comb. Press., pelg 480 400 380 320

Ignition Delay,' 8.5 11.5 14.5 17.0

Avg Rate, psir 16 14 16 14

Max Rate, psi/*7 51 64 54

Comments:
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ENGINE PERFORMANCE AND COMBUSTION DATA

FUEL: Diesel CAMSHAFT: Tangential

NOZZLE: 3 Hole PLUNGER DIA: 7mm
0.0096" Dia
2.26 X 10-4 In2 Are

Nol 2M ning Pres: 2600 PI

Engine Speed, rpm 1200 1800 2000 2400

Indicated Hor.pow.r 5.8 8.0 10.5 12.7

ISFC, lb/lhp-hr 0.483 0.439 0.410 0.304

Start of Injction, BTDC 12.0 16.0 21.0 24.0

End of Injection, * BTDC 1.5 2.0 4.0 5.0

Occur. of Rapid Rise,* BTDC 2.0 4.5 5.5 6.0

Occur. of Max Prou, *ATDC 8.0 7.5 5.5 5.5

Max Comb. Prow., pIig 480 420 410 360

Ignition Delay, 10.0 11.5 15.5 18.0

Avg Rate, psiP 20 17 19 19

Max RM, pei/* 77 45 94 104

Comments:
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ENGINE PERFORMANCE AND COMBUSTION DATA

FUEL: Diesel +5% BCM CAMSHAF'T: Tangential

NOZZLE: 3 Hole PLUNGER DIA: 7mm
0.0006" Dia
2.26 X 10-4 in2 Area

Nozl OwiM.am Prw _0__D

Engine Speed, rpm 1200 1600 2(000 2400

Indicated Horsepower 5.7 8.0 10.3 12.7

ISFC, Ib/lhp-hr 0.526 0.474 0.448 0.433

Start of Injection, *BTDC 13.0 19.0 23.0 25.0

End of Injection, *BTDC 2.0 3.5 5.0 4.5

Occur, of Rapid Rise, 0BTDC 4.0 7.0 7.0 7.0

Occur. of Max Press., *ATDC 7.0 7.0 5.0 3.5

Max Comb. Press., psig 480 420 40W 320

Ignition Delay, 09.0 12.0 16.0 18.0

Avg Rate, psi/* 18 16 20 119

Max Rate, psi/* 68 47 88 5

Comments:
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ENGINE PERFORMANCE AND COMBUSTION DATA

FUEL: Diesel CAMSHAFT: Tangential

NOZZLE: 5 Hole PLUN'GER DIA: 7mm
0.0079" Dia 2Ae2.45 X 10-4 in2 Ae

Nozzle Op!ning Press: 2500 psi _____

Engine Speed, rpm 1200 1600 2000* 2400*

Indicated Horsepower 5.9 8.1 10.4 12.5

ISFC, Ib/lhp-hr 0.403 0.386 0.428 0,457

Start of Injection, 0BTDC 17.0 18.0 21.0 2.

End of Injection, *ATDC 2.5 4.5 3.0 2.5

Occur. of Rapid Rise, * BTDC 6.5 5.5 6.5 6.5

Occur. of Max Press., *ATDC 10.0 10.0 15.5 6.0

Max Comb. Press., psig 620 530 420 340

lIgition Delay, 0 10.5 12.5 14.5 17.5

Avg Ratepsir 18 16 17 12

Max Rate, psi/ 41 42 80 71

Commnwts: * Run at 4000 psi opening pressure to eliminate post injcctlon.
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ENGINE PERFORMANCE AND COMB13USTION DATA

FUEL: Diesel+ 5% RCM CAMSHAFT: Tangential

NOZZLE: 5 Hole PLUNGER DIA: 7mm
0.0079" Dia
2.45 X 10-4 in2 Area

Nozzle Opening Pr.s: 25 psi

Engine Spe,-d, rpm 1200 1600 2000* 2400*

Indicated Horsepower 5.9 8.1 10.4 12.6

ISFC, Ib/lhp-hr 0.473 0.469 0.4e9 0.636

Start of Injection, ° BTDC 16.0 18.0 21.0 25.0

End of Injection, * ATDC 5.0 6.5 3.0 2.5

Occur. of Rapid Rise, 0 BTDC 7,0 7.0 8.0 8.5

Ocwur, of Max Press., °ATDC •0.0 10.0 9.0 6.0

Max Comb. Press., psig 600 500 440 340

Ignition Delay, 9.0 11.0 13.0 16.5

Avg Rate, psi/ 18 14 14 14

Max Rate, psi/P 65 58 100 11

Comments: *Run at #400 psi opengn presre to eliminate post injection.
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ENGINE PERFORMANCE AND COMBUSTION DATA

FUEL: Diesel CAMSHAFT: Tangetial

NOZZLE: 5 Hole PLUNGER DIA: 10mm
0.0079" Dia
2.45 X 10-4 in2 Area

Nozzle 0 enina Press: 2600 osi

Engine Speed, rpm 1200 1600 2000 2400

Indicated Horsepower 6i.8 8.1 10.5 12.9

ISFC, Ib/ihp-hr 0.416 0.388 0.445 0.433

Start of Injection, STDC 12.0 17.0 17.0 18.0

End of Injection, * ATDC 3.5 0 3.0 7.0

Occur. of Rapid Rise,. *BTDC 3.0 6.5 4.5 3.5

Occur. of Max Press., *ATDC 915 10.0 11.5 13.0

Max Comb. Pres., psig 640 60D 520 420

Ignition Delay, 09.0 111.5 12.5 14,6

Avg Rate, pai/* 22 21 18 13

Max Rate, Pull/ 83 100 75

Comments:
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ENGINE PERFORMANCE AND COMBUSTION DATA

FUEL.: Diesel CAMSHAFT: Tangential

NOZZLE: 5 Hole PLUNGER DIA: 10mm
0.0079" Dia
2.45 X 10-4 in2 Area

Nozze 0 in Pros.:25 ps

Engine Speed~, rpm 1200 1600 200012400

Indicated Horsepower 5.8 8.1 10.5 12.9

ISFC, lb/Ihp-hr 0.411 0.415 0.445 0.422

Start of Injection, BTDC 12.0 17.0 17.0 18.0

End of Injection,

Occur. of Rlapid Rise," BTDC,

Occur. of Max Press., *ATDC

Max Comb. Preos., psig

Ignition Delay,

Avg Rate, psi/*

Max Rute, psiJ*

Comvmnts: )3uplicate Performance Data
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ENGINE PERFORMANCE AND COMBUSTION DATA

FUEL: Diesel+ 5% BCM CAMSHAFT: Tangential

NOZZLE: 5 Hole PLUNGER DIA: 10mm
0.0079" Dia
2.45 X 10-4 in 2 Area

Nozzle 0p ning Press: 2500 psi

Engine Speed, rpm 1200 1600 2000 2400

I ndicated Horsepower 5.8 8.1 10.5 12.9

ISFC, Ib/Ihp-hr 0.436 0.419 0.419 C1,495

Start of Injection, 'BTDC 13.0 14.0 15.5 21.0

End of Injection, * ATDC 3.5 5.5 5.5 2.5

Occur. of Rapid Rise,* BTDC 5.0 4.5 5.0 7.0

Occur. of Max Press., °ATDC 9.0 11.0 10.5 12.0

Max Comb. Press., psig 640 520 460 440

Ignition Delay, 8.0 9.5 10.5 14.0

Avg Rate, psi/* 21 17 14 15

,Mlax Rate, psi/* 46 40 48 85

Comments:
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ENGINE PERFORMANCE AND COMBUSTION DATA

FUEEL: Diesel + 5% BCM CAMSHAFT: Tangential

NOZZLE- 5 Hole PLUNGER DIA: 10mm
0.0079" Dia
2.45 X 10-4 in2 Area

Nozzle OpInan Presus: 2500 trsi _____

Engine Speed, rpm 1200 1600 2000 2400

Indicated Horsepower 6.0 8.0 10.5 12.9

ISFC, Ib/lhp-hr 0.418 0.408 0.452 0.592

Start of Injection, *BTDC 13.0 14.0 1C.0 21.0

End of Injection,

Occu r. of Rapid R ise, 1T DC

Occur. of Max Pross., *ATDC

May Comb. Press., psig

Ignition Delay,

Avg Rate, psil"

Max Rate, psi/* -

Comments: Duplicate Performance Data
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ENGINE PERFORMANCE AND COMBUSTION DATA

FUEL: Diesel CAMSHAFT: Yangontial

NOZZLE, 6 Hole PLUNGER DIA: 10rmm
0.0079" Dia
2.94 X 10-4 in2 Area

Nozzle gglinin Press: 250-s

Engine Speed, rpm 120 113600 2000 2400J

Indicated Horsapovar 5.8 8.0 10.2 12.5

ISFC, lb/Ihp-hr 0.407 0.416 0.410 0.4,42

Start of Injection, 'BTDC 12.0 18,0 22.0 23.0

Eric of Injection,

Occur. of Rapid Rise, 0 STDC

Occur. of Max Press., 0ATDC

Max Comb. Press., prig

Ignition Delay,'

Avg Rate, pui/*

Max Rate, psi/*~~1"~

Comments:
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ENGINE PER FORMANCE AND COMBUSTION DATA

FUEL: Diesel +5% BCM CAMSHAFT: Tangential

NOZZLE: 6 Hole PLUNGER DIA: 10mm
0.0079" Dia
2.94 X10-4 1r2 Area

NozzleQ Ing Pres.: 2500 psi ____

Engine Speed, rpm 1200 1600 2000 2400

Indicated Horwpower 5.8 8.0 10.2 12.5

ISFC, lb/lhp-hr 0.455 0.468 0.499 0.597

Start of Injection, *BTCC 12.0 20.0 19.0 21.0

End of Injection,*

Occur. of Rapid Rise,* BTDC

Occur. of Max Press., *ATDC

Max Comb. Prc'u., psig

Ignition Delay,'0

Avg Rate, ru/

Max Rate, psi/*
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ENGINE PERFORMANCE AND COMBUSTION DATA

FUIEL: Diimsl CAMSHAFT: Tingential

KOZZLE: 4 Hole PLUNGER DIA: 10mm
0.0129" Dia
5.23 X 10-4 in2 Area

NozieQ ~ing Prowe: SW00pi-
Engine Speed, rpm 1200 1600 2m0 2400

Indicated Horsepower 6.0 8.1 10.7 12.8

ISFC, Ib/Ihp-hr 0.422 0.410 0.440 0.463

Start of Injection, 0STDC 14.0 ?0027.0

End of Injection,*0

Occur. of Maxlo PRim, * ,8TOC

* I ~~Occur. of Max Prow., 'ATDC ..-

Max Corn.. Press., ps~,
Ignition ý)elay,

Avg Pate, peii 0

Max Rate, psll

Comffwnts:
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ENGINE PERFORMANCE AND ZCMIBUSTIGN DATA

FUEL: Diesel+ 5% BCM CAMSHAFT: Tangentia!

NOZZLE: 4 Hole PLUNGER DIA: 10mm
0.023w Dis
5.23 X 10-4 in2 Area

Nozzl 0 2~ning Pr~ebs: 2500 psi _____

Engine Speed, rpm 120N) 1600 2000 2400

Indicated Horsepower 5.8 8.0 10.5 12.9

ISFC, Ib/Ihp-hr 0.45C 0.459 0.469 0.519

Start of Injection, " BTDC 16.0 17.0 22.0 23.0

End of Injection,

Occur. of Rapid Rise, B TDC

Occur. of Max P~ress., 0ATDC

Max Comb. Press., psig

Ignition Delay,

Avg Rate, psi/ 0

Max Rate, psi/0

Comments:
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APPENDIX 11. HEAT RELEASE ANALYSIS DATA
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CLR DIESEL'HEAT RELEASE DATA -- NL 123 TIPP I MM 6+P, 1200 RPM, DF-2 FUEL

BOR~E DIAMETER a 30300 INCHES
CRANA RADIUS a 107?s INCHES

CONNECTING R&D LENGTH a b,3?5 INCHES
COMPRESSION RATIO x 1109700

VOLUMETRIC EFFICIENCY a '0700
INLET PRESSURE a 130qjO psi

INLET TEMPERATURE a sbD*000 DEC* R
AIR/FUEL RATIO a 15.000

FUEL MOLECULAR WT a 18490O0 LBhLB-HOLE
SF1 a 0.0000
SF2 a 1.000

PAYM a 0,000

P THETA DO/OTHETA

17t,00 3D~0"00 00008
234,e0 25*00 a*00LS17

397.70 15,00 *o1olu&
45,010,00 900243S

534,50 5.0 z0277
$20.40 0,00 "g0153e5
9694.50 5.00 $04bbS3

100b6g0 10,00 *04S470
957,10 15,00 *044000
870.10 20.00 o0e35i*
809600 25,00 oc57a90
bS3,Lo 30,00 w033S576
596,60 3s,00 0*7

4S59,90 4S5.00 9027243

38.050.00 m1000104a

-9,q -7,0400L
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L CLR DIESEL HEAT RELEASE DATA -- NL 123 TIPP 7 MM BSPp 1200 RPM, BCH FUEL

BORE DIAMETER 8 3,100 INCHES
CRANK RAODUS a 1,.76S INCHES

CONNECTING ROD LENGTH a bo3vs INCHE8
COMPRESSION RATIO a b19700

VOLUMETRIC EFFICIENCY U .700
INLET PRESSURE a 130q10 PSI

INLET TEMPERATURE a SbO,000 DEG, R
AIR/FUEL RATIO l 11,000

FUEL MOLECULAR WT a 1819200 LB/AB-NOLE
SF1 a 0000
SF2 a 1.000

PATH a 0.000

P THETA DO/DTHETA
(PSI) (OEG)

1S?,40 30.00 ooosqb?
lglbO 2S,00 *,005S31

278.S0 20,00 t.0071q4
3b3,30 1S,00 *00Oeq
%bO,20 10.00 00028S?

,4qbes0 S,0O *.O139q3

835.b0 0.00 W9027474
q32'SO S.O0 0033310
4132,50 10.00 0037802
884,00 15,00 ,001172
7qq.30 20,00 .0435b?
714.50 25,00 ,037qb3
bOs.SO 30.00 ,0211b2
SO8,bO 35.0O0 0O01bq4
3qqbO (10,00 .005073
3b3,30 4SO0 0012797
Eqo.bo 50.00 0,01S771
252020 SS. 0 OOlS94

218.00 16000 000i30
181.b0 bS..O0 "9038777

* 133,20 70000 ,9OSSSf?
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CIR DIE3EL HEAT RELEASE DA~TA -- NL 123 TIP, 7 MM BIP, lbrnJ RPM, DFw? FUEL

WOE DIAMETER a 3,900 INCHES
CRANK RADIUS a 1.697s INCHES

CONNECTING ROD LENGTH a b,375 INCHE3
COMPRES3ION RATIO a lbs700

VOLUMETRIC EFFICIENCY a *b?2
INLET PRESSURE a 130670 P31

INLET TEMPERATURE a SbOv000 DEG, A~
AIR/FUEL RATIO a 15,100

FUEL MOLECULAR WT a 18*9000 LBLB-MOLE
SF1 a 0*000
SF2 a 1,0000

PATM a 0,0000

P THETA DOIDTMETA
(PSI)(D E G
17a~b0 30.00 "00071211
230.10 aS0Oo "9000358
287.hO 20.00 do ,003005
388,30 I5.00 40000373
1160,20 10.00 *001h211
532,10 5,00002%4

84,00.00 wg.02001
'942,20 5.00 *0'#s031

1006,60 10.000428
177,60 15.00OS11
891,60o 20.00 .057738
805.30 2S,00 *0bSS00
733,40 304,00 0074316
bbI.50 35.00 907blbe
589.60 110,00 0073419
532,10 4'15,0 00379&5
44I5.80 s50.0024s
417.00 55.00 9075908
373.90 bolo0 me011107
31be10 65,00 4n0 ea129a
273.20 70.000-012

W U 'h2722E*02
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CLR DIESEL HEAT RELEASE DATA o- ML 123 TIPP 7 MN BIPr 1600 RPNP BCH FUEL

BOR~E DIAMETER a 30600 INCHES
CR~ANK RADIUS a 1987s INCHES

CONN4ECTING ROD LENGTH a b9375 INCHES
COMPRESSION RATIO 2 lbe700

VOLUMETHIC EFFICIENCY a ob?2
INLET P'RES8IRE a 13.970 P31

INLET TEMPERATURE 2 shao,00 DEC* R
AIR/FUEL RATIO a 14,200

FUEL MOLECULAR WT a 1.819200 LISA-B.POLE
SF1 x 0,000
SF2 = 1.0000

PATM x 0,000

p THETA DO/OTHETA

153.30 30,00 4000L29b
230,00 e5,00 400007540
30b,bo 20.00 *0,0033iS
3'48,b0 15.00 000274s
459.qo t10,00W079
797"20 5,00 M1048,2S02

1011,80 0.00 mo015619

1103.50 10900 00I436ps
1011,90 15.00 031

01,504S Z0,00 00'13b87
7q7,20 25.00 *011q47
b7~lý50 30,00 e394
597,90o 35,000 0039258

50.9 0,00 ,023899
'15.o4s00 ',00001h3

3S2.bO 50.00 ap,007b3q
321.90 56,00 90180al7
27S,90 bO,00 -,01lo3bo
230,00 bS.00 "OSU
194.00 70.00 9n063822
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CLR DIESEL HEAT RELEASE DATA -- NL 12~3 TI~', 7 MN BfrP, 2000 RPMo DF-2 FUtL

BORE DIAMETER a 30800 INCHES
CRANK RADIUS u 19875 I N l." Z'

CONNECTING ROD LENGTH a 6.,0375 ZNc4tE8
COMPRESSION RATIO a 16,700

VOLIJMETKIC EF'FICIEN4CY a 0bS3
ItJLET PRESSURE a 13,830 PSI

INLLT TEMPERATURE 2 560.000 OEC, R
AIR/FUEL RATIO a l5o200

FU~1. MOLECULAR WT a 1S4*0O0 LB/LB-HOLE
SF1 a 0.0000
SF2 a L.000

PATM = 0.0000

p THETA DQ/VTHETA

20240 0eo ",009703
294.4 ;,Coo006b44'

38b.40O 45.00 *oo0o~a
'160,00 Ltoo.09,01#
b2S,bO 5.00 "90SU046

1104.00 0,00 0*.babba
1122,*0 5.00 *lbob~il
1085.60 10,00 904O5JA4

101a00 0o 0*07'qu?
qoI'ho 20400 0062410
84Ib.40 i5.0oo oOq~bb7
772.90 30,00 0106b74
717,60 35,00 o*1.0740
66b!,41 40.000.q.i

E.5,00 . '173'1

9b,0 00o 923q23b
K-*78,4 11 0.00 m1.34SS01
i32,20 la,00 fog003432

38b,40~ 70.000oqtl

W 2 50 7S7EI0a

* 4~ 7
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CLR DIESEL HEAT RELEASE DATA -- NL 123 TIPv 7 mM 8÷P, 2000 RPM, 6CM FUEL

BORE DIAMETER x 3,100 INCHES
CRANK RADIUS a 1,875 XNCHES

CONNECTING RO) LENGTH a 16375 INCriES

CUhPRESSION RATIO a 16b700

VOLUMETRIC EFFICIENCY = .bS3
INLET PRESSURE a 13.830 PSI

INLET TEMPERATURE a s5Oo000 DEGe R

AIR/FUEL RATIO a 14.200

FUEL. MOLECULAR NT a 1810200 LB/LB-HOLE
SF1 x 0.000
SFe 2 1.000

PATH 0,000

p THETA OQ/OTHETA
(PS2) (DEG) moiq

Sl~b, 30,OO :.OIL300qb

209.10 25,00 .0008007

2q2.70 20.00 ,0008*3

355.50 1So00 *,0OS11
Olt? Ib0.00 10.010 o.,0*97S3

q94100 5,00 0.070O80

1171.00 0.00 wO0

12540 0 0 04S4*o

1233.70 10.00 OS489S

1150.00 15000 *071*02

IObbO 20,00 .0880*9

q41.00 2500 4oq036b

8S7.30 30.00 .129*81

7?3.70 35.00 •o8qssg

b48,20 40.00 ,0225Ss

5b4.bO 45.00 ,o020•7

S22.80 50O00 0070022

431.10 SSO0 ,0ObSabq

37b*4O bO0O0 *02308

334.bO bStO0 *.0tbl9S
292,90 70,00 qo•os7.2

W q.,8335EO02
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CLR DIESEL NEAT RELEASE DATA --- NL 123 TIPP 7 MM B*P, 2'400 RPM, DF-2 FUEL

BORE DIAMETER a 3,800 INCHES
CRANK RADIUS a 19875 INCHES

CONNECTING ROD LENGTH a 6,375 INCHES
COMPRESSION RATIO a 1(29700

VOLUMETRIC EFFICIENCY 3 ,bsg
INLET PRESSURE = 13,790 PSI

INLET TEMPERATURE a s60.000 DEG9 R
AIR/FUEL RATIO a 156800

FUEL MOLECULAR WT a 1s'4,o00 LBILB".MOLE
SF1.z 09000
SF2 a 1.000

PATM * 0.0000

P THETA DQ/DTHETA

138,()0 30.000 00sa
207000 25,00 0*.000391
2S3.00 20.00 do 002330
345,0O0 15,00 40*OO72bS
'4b0.O0 10.00 M*04038S
851.00 5*00 "0071818

119b.00 0.00 0003300S
1311.60 5.00 VOS3740
1.288,00 10,00 0062*16?
121.9,00 15.00 000*1.13
1127.00 20,00 *1IB'I'0
1050,00 25,00 .17125*#
qbb,00 30,00 .206798
87',+O3.00 3.o 321b3s
805.00 40O.00 1#37337b-
7S9,00 4S*00 0.583b52
713.00 50,00 "*160553
b44100 500 s",o8907S887
598.00 60,00 ,0022%6q
52900 b5.00 9023b90
4I83,00 70.00 s011b3%

W 693817E+02
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CLR DIESEL HEAT RELEASE DATA -- NL 1.23 TIPP 7 MM BiP, 2400i RPM, 8CM FUEL

BORE DIAMETER = 3.800 INCHES
CRANK( RADIUS a 1687s INCHES

CONNECTING ROD LENGTH a 6,37 INCHES
COMPRESSION RATIO 2 116,700

VOLUMETRIC EFFICIENCY u *16S4
INLET PRESSURE a i23,790 PSI

INLET TEMPERATURE x 560,000 DES, R
AIR/FUEL RATIO u 11,40*00

FUEL MOLECULAR WT m 181.200 LB/LB-MOLE
SF1 = 0,000
SF2! a 1,000

PATM a 0.0000

P THETA DG/OTMETA

81,20 30.00 "003*15q
184040 ast01ov 3q8

270,60 e0,00 *O0~04b7
378,90 15.00 4PO0O3184
4160.00 10.00 "q0blb'*b

1140,60 0,00 00IS41t
1353,00 5.00 tOb'1303
13esv90 10,00 ol
1217070 15900 .076625
113bgs0 20,00 9111377
lt028,30 a25,00aoq

92,0-0,00 e1ssa?3
838090 35*00 g2inam
757.70 410,00 o?31
b59940 'tS,00 *1q9330
sqs,.30 50.00 a37
54I1920 ~ s.oo 9098S7Se
'960,00 b0,00 N#0*7O3s1
405490 615600 *bfl
351,8fl 70.00 "929317s

W 3 5.55hE+02
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I

CLR DIESEL HEAT RELEASE DATA -- ADS b6b1 TIPP 1.0 'MM +Pr 1200 RPMv DF-a FLUE

BORE DIAMETER a 3.800 INCHES
CRANK RADIUS a 1,875 INCHES

CONNECTING ROO LENGTH z b,375 INCHES
COMPRESSION RATIO 2 1b,700

VOLUMETRIC EFFICIENCY = *?700

INLET PRESSURE 3 13,qlo PSI
INLET TEMPERATURE 2 SbI,000 DEG, R

AIR/FUEL RATIC = 17,400
FUEL MOLECULAR WT a 1840000 LBULB-MOLE

SFI = o,0O0
SF= 1,000

PATM x 0.000

P THETA DO/DTHETA
(PSI) COEG)

1740,80 30.00 002334
211,50 25,00 eOOoOs
2760,0 20,00 ,0003b3S
349,50 15100 ,O0384L

460,00 10.00 ,o00295o
533,b0 s.O0 -. 025bOb
809.bO 0.00 "4014372
9Sb,80 5,00 *O'bOO7

1002,80 10.00 .049090
9sb580 15.00 .05029q
874,00 20,00 9045b23
754,40 25,00 .030310
b3I,80 30,00 ,024040
S42,80 35,00 017729
4S0,80 40,00 ",001072
368,00 45.00 O..009412
303,bO 50,00 -. 00b399
257,bo 55,00 s.o00478
211,50 bOO.0 40,003*15
1q3,20 b5.00 *0039?7
Lb.bO 70.00 eOL517?

w x 3,2070E+02

49
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CLR DIESEL HEAT RELEASE DATA -- ADA hqbl TIP, 10 MM BPpP 1200 RPMY BCM FUEL

BORE DIAMETER a 3,800 INCHES
CRANK RADIUS a E7HpS INCHE3

CONNECTING ROD LENGTH 2 b6375 ZICHES
COMPRESSION RATIO 2 IL,?00

VOLUMETRIC EFFICIENCY a .700
INLEr PRESSURE = 130q9i PSI

INLET TEMPERATURE a ShaOgoL DEG, R
AIR/FUEL RATIn a 16,bo0

FUEL MOLECULAR WT x A8J.200 LBSL-MOLE
SFI a 0,ino0

SF2 = 1,000
PATM a 0,000

P THETA DOQ/DTHETA
(PSI) (DEG)

201'au 30.00 *00007*
249.O •0sO0 .001393
31b.10 ZO.00 ,000870
383.20 is,00 *003220
's5.80 10.00 ".00070
5FZ5.20 5.00 -•0a8q,3
B43.30 0.00 "'01b1a
qq6,30 5.00 *0504

10S3.80 10.00 Os5hqqq
1015,50 15,00 ogim.
938.80 20.00 tOm8pqb
823,80 2S,00 cGa13q
bqq.30 30.00 *020774
574080 35r00 ,011041

8Hg.fO 40,00 ,0130*q

353.30 s5O0 .0,0001*8
297.00 55,00 -ee~qa$O
22qOo bssoo "*02bbqb

i01,20 b5Ofl 101289q
141.bo70,00

W 3,4893E+02



CLR DIESEL HEAT RELEASE DATA -- ADO b9b% TIPP 10 MM B+Pp 1U00 RPM, OF-2 FUE

1BORE DIAMETER a 3.010 INCHES
CRANK RADIUS = 1.875 INCHE3

CONNECTING ROU LENGTh = b',375 INCHES
COMPRESSION RATIO = 1b.700

VOLUMETRIC EFFICIENCY = 6•72
INLET PRESSURE = 13.870 PSI

INLET vEMPERATURE = SbO,000 DEG, R
AP/FUEL RATIO = 17.,20

FUJEL MOLECULAR WT = 184,000 LB/LB-MOLE
SF1 = 0.000
SF2 = 1,000

PATH = 0.000

P THETA DO/DTHETA
(PSI) (DEG)

149.9O 30.00 -. 0166b1
223.?0 es,00 w.O04*S"as5.90 20,00 -.001714
372.90 15.00 -. 001397
459,9O 10.00 -. 016171
671,20 5,00 ",0Q8328

1019,30 0.00 d.02b?78

llsb,O0 5.00 ,Obbh3b
12b?.80 10.00 09q34071243.00 is'Oa 095419q

1143.b0 0,00 '0oqqs30
1031.70 2s.00 .LO'b2b
q07.40 30.00 ,Ob8O8b
7s8.20 35.00 ,02481
h1,,tf 4000 9033171
SS,0 45.00 ,011978472.30 5u.O0 -,02b247397.kO 55.00 900041

3b0.50 b0,00 '010171
310.80 65.00 .001347

70.00 9025743

W = .G221E+02
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CLR DIESEL HEAT RELEASE DAIA -- A05 tb9bl TIPa, 16 MM BtP,, lG0 fP~mp BCH FUEL

BOR9E UIAMETER 3090O ICHE
CRANK RADIUS 3 L.8r, INHE

CONNECTING ROD LLNGT" = *037S N5
COMiPRESSION kATIQ lb .7ý1

VOLUMETHIC EFFICI~ENCY = S72
INLET PRESSOPE = 3.F870 PSI

INLET TEMPERATOPE a S600000 DEGw Rt
AI.R/FUEL RATIO Js,5q90

FUEL MOLECULAR WT' L8X.,~O0 WL0/ MOLE
SF1 0,000
SV~a 11000

PATH 0,000o

p THETA DQ/DTHET'4

18L.70 30.00 W.007599

3(J2.80 20.00 6003416
3b3.30 15.00 0a6
'4b0,20 10,00 OV00'I137
SS7.J.O 5.00 009R35'
1+87.70 0.o0 'a5eD55
956.70 5.00 ojý*

L053,i~0 L0.00 lObq3gs
1041.50 15.00 043
q80.90 20,00 012
920.40O i25,0 ,0J3
823.50 30,00 014
702.40 3510GD3S~'

508,60a 45,00 1025090
4b0,20 s50.00469
319.70 55,00 W90131%
33q.10 b0,00 fo-a.03a0
290'bo b5,00 W*023337

?050..;oO70bbS

W 404.9iSE+02
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'IINK

CLR DIESEL HEAT R~ELEASE DATA -- ADO bqb1 TIP# 1.0 MN B)*Pt 2D(!0 RP?4N DOF-0 FUE1

BORE DIAMETER a 3,800 INCHES
CRANK RAD)IUS a 14875 INCHES

CONNECTING ROD LENGTH 4 6,375 INCHES
COMPRESSION RATIO = 16,7n0

VOLUMETRIC EFFICIENCY a o653
INLEr.T PRESSURE a 13,830 PSI

INLET TEMPERATURE a 560,000 DEG, R
AIR/FUJEL RATIO a 1%,000

FUEL. MOtLECULAR WT a 18'4,000 LB/LB-MOLE
SF1 a 0,000
SF2 a 11000

PATM m ,u~oo

p THETA DO/DTHETA

I.5.&J 30.00 -095
2LS.70 as.00 "P9oo7004
31)2.00 a0.00 ",004I334
388,30 1Sloo v001523
lf0, .20 10.00 00b4
b04.00 5.000,413

llb'4,80 s.00 .068658

1236.70 15.00 0130180
1207.90 20.00 e167722
1107'n0 25,00 .197q3S
100b.60l 30.00 *2'I663l

84.035,00 .171786
7's7.80 '43.00 -0,0ý832b
b18940O 45,00 08901963S

488.q() 55.00 ýn41
417,00 60.00 *D00Slkh
388.30 65.00 M*.I1345b
330.70 70,000M2eq

W 5,4I'84E+02
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CLR DIESEL HEAT RELEASVk DATA -- ADS hblb TIPP 10 MM B*Pp e000 ROMP 9CM FUEl

B~ORE 0DkmET~ER ~a 3,900 INCH4ES
CRANK RADIUS a ,87s INCiHE3

C0'NNFCTING ROD LENG~TH a b,3-05 INCH4ES

COMLPRESSION RATIO = 16,700
VOLUMETRIC EFFICIENCY v .*bS3

iNLET PRESSARE a 13,830 Pal
INL.ET TEMPERAVUREa Sb0,000 DE.G, A~

AIR/FUEL RATIO = 1.900o
FULL MOLECULAR WT a 181.~0fl LB/LB-MOLE

SF1 04,000
SF2 n 1,000

P#ITM 0,0000

P THETA DQ/OTMETA

18b.S0 30.00
2f3b.20 as.OO 0003099

28.9 0,00 *000145
372,90 Isl5 o00*5

459,90 ~ 10,0040016
54b,90 5,00 ral299S'*

845.20 a.0,00oo
994,4n 5,00 049

1031,70 10,00 Oeo
1019,30 15000 ,0?e93b

~ .' 1 ~ 0.0 *08it314

882.50 2s.00 908113S5
770. 70] 30.00 09S
b71,20 35.00 90b~b42
sq,.,bo 40,00 ,0baqbl

52.G45.00 0oaeIS2
'447,,50 s0.00 tuo000592
385.30 55,00vaoag
33S.bil b0.00 ".000063

261,00 70,00 -ob*0325q

54
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CLR DIESEL HEAT RELEASE DATA -- ADB b9bi TIP, 10 HM BOP, 200 RPM, DF-2 FUE

BORE DIAMETER a 3,v00 INCHES
CRANK RADIUS 2 1",875 INCHES

CONNECTING ROD LENGTH a 69375 INCHES
COMPRESSION RATIO a lb.700

VOLLMETRIC EFFICIENCY 3 .5sq
INLET PRESSURE a 13.7q0 PSI

INLET TEMPERATURE 2 560,000 DEG. R
AIR/FUEL RATIO a 14.200

FUEL MOLECULAR WT = i9',000 LO/LB-MOLE
SF1 = 0.000
SF2 a 1,000

PATH = 0000

P THETA OG/OTHETA
CPSI) DEG)

123,80 30.00 ",017309
19 ,b 25000 4,0O824s
" 2bS40 20,00 "*00403
353.00 15.00 ".O0S184
459090o10,00 W.OOb3Sb
5bb'1O S.,00 W*03777*
gig.9o 0*00 0eoasq3b

I~bL~qO 5,00 b q

1185.20 10.00 91O2b~a
1238,30 15,00 ,133348
1185.20 20.00 .172401
1149,80 25,00 *ebOqi7
102b6,00 30,00 282aqSb

937.bO 35,00 *784994
831.4n 40.00 -l.q0b309
72%,30 9S.o00 I3

b~l.O S,00 143SC19
6(11,50 50.00 24q
Sbb,10 55,00 W*3bilbS
513.00 bO.O0 .0381qb
442,20 5,00 .32S70S
38q,20 70,00 07*S12a

, f.0332E+02



FUE CIR DIESEL HEAT RELEASE DATA -- ADS b~bl TIPP 1~0 MM 8+P, 2100 RPM, BCH FUE

B3ORE DIAMETER a 30800 INCHES
CRANK( RADIUS x 1*875 INCHES

CONNECTING ROD LENGTH a b,37S INCHES
COMPRES3ION RATIO * 16,700

VOLUMETRIrC EFFICIENCY a tiaSq
INLET PRESSURE w 13*?qO PST

INLET TEMPERATURE a 5bD*000 OEG9 R
AIR/FUEL RATIO a 12,400

FUEL MOLECULAR WT a 181,100 LB/LB-0OLE
SFL a 0.000
SF2 a 1,000

PATN a 0,000

p THETA DO/DTHETA
(PS )1 (D E )
1b'*.3U 30.000 mooo%3Se
213.60 2sO0 W1001931
27cl*30 20,00 ".000203%
361.S0 15.00 0000alibb
4~bO *, 0 10.00 "*0313S3
7RSb,6 sOO -.015791

98.00.00 -.002101
Ilbb.50 5.00 *0b1112
1194.40O 10.00 *077385
11R9.4,0 15,100 01116a3
1150.10 20.00 vlblbS8
1117.20 2S.00 28*
1051,50 30.00 4813140

9S.035,00 194Moa4
821.SO 40.00 -3o7S5014
739,40j '1500 goai
640,80 50.00 M,063780
575,10 55.00 v,01Iqlb

49.060,00 eiS1241'
44.5 b,00 0187b9#3

377.90 70.00 2b*b34q2b

W U b,0089iE+02
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CLR DIESEL HEAT RELEASE DATA -- NL ).VL TIPP 7 H" B*PF 1.200 RPM, DF-2! FUEL

BORE DIAMETER a 3,300 INCHES
CRANK~ RADIUS a L1875 INCHES

CONNECTING ROD LENGTH a 160375 INCHES
COMPRESSION RATIO a lb,700

VOLUMETRIC EFFICIENCY a 9700
INLET PRESSURE 2 13,910 PSI

INLET TEMPERATURE. a SbDOO00 DE'., R
AIR/FUEL RATIO a 15,500

FUEL MtOLECULAR WT x ii*,o0o W5LSwMOLE
SF13a 0,000
SF2 1.0000

PATM = 0,000

P THETA DQ/CDTHETA

1145,50 30,00 0000339
2+,O25,00 .000be86

310,,S0 20.00 "90017be
40.015,00 v003552

'+60 * 00 10.00 9003b1S
5ag*00 S,0o "900734b6
b3'2*50 0.00 0017804

943,00 10.00 90S0735

874.00 20,00 *061856
805,00 2S,00 00bi3to1
701.50 30.00 *0*9103
b2t.00 35,00 *D5*634

*S.0 0,00 .039773
471,Sig 455,00 o029155

379,50 55,00 e0a0783
333.50 b0,00 0010276
299.00 65900 wt0126S3
2S3000 70,00 M,0537123

W 399715E+02
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CLP OIESEL HEAT RELEASE DATA -- RL 14*1 TIPP 7 MM 8tPo 1200 RPM, BCH FUEL

SOME DIAMETER w 3,900 INCH4ES
CR~ANK RADIUS w 1,9lp75 INCHES

CONNECTING ROID LENGTH x bom7 INCHES
COMPRESSION RATIO w th. eoo

VOLUM4ETRIC EFFICIENCY m 0700
INLET PRESSURE a X,93.q0 P141

INLET TEMPERATURE 9 sb0o'co DEC, R
AIR/FUEL RATIO a J1I,900

FUEL tIOLECULAR WT 2 1810100 L8/LB.wMOLE

WF2 a 1.0000
PATM ; , 30 0s

P '14ETA DOIOTHETA

17%.00Q .30,00 40,0R0Bi3
23b.20 25,00 00O0744

29,02000 0002181
3bD,5U J.5,P0 M9002019

4s 010.000 "to03eas
5.009 S'o "033173

B 8 !.50 0"00 "00244q9?
loc('s.8 5,oo 00 ,15all

10."1 o'oG O0533*0
lo~hoa0 - 1500 *ob~b7a

9SP7.0 21J00 07b?03

870a.10 as'00 on71255
770.70 3o*00 o060b3O

blP1,20 35~,00 904B823
S84.20 0'1o.C o050751
522.10 4S,00 oOfpbbIS

1#29b 00o -,Oo4351
3b0,.SO 60,O0 wqooqbl3

28's.9q0 70.00 swo013S79

w a '4*411E+02

58

I~



CLR DIESEL HEAT RELEASE OATA -- NL 141 TIPP 7 MM B+Pp lbOO RPM# DF-2 FUEL

OORE DXAMETER x 3.300 INCHES
CRANK RAOIUS = 1,87s INCHES

CONNECTING ROD LENGTH a b.375 INCHES
CCMPRESSION RATIO 2 1b,700

VOLUM(4TRIC EFFICIENCY a ob72
INLET PRESSURE c l3.870 PSI

INLET TEMPERATURE a 560,000 DEGq R
AIR/FUEL RATIO = 1S,700

FUEL MOLECULAR WT = 184,000 LBLB-NOLE
SFI a 0,000
8F2 1,000

PATH c 0.000

P THETA DQ/DTHETA
(PSI (DEG)
178.10 3G000 ,0000904
222*bO 2S.O0 "OOlbqq
2q6,60 IC.0C ft O00891

371.00 15.00 40900007b
460.00 10.00 -,00233b
S41iO0 5.00 60*033

qo0.40o 0.00 W.ob37S
100qi0 5.00 *0qO%3b
1009,10 luBOO ,051753
1009.10 15.00 9072703
qq4.80 D0,00 o07q037
875,b0 25,00 O0sos?
7Bb.50 30.00 *1Oq454
742.00 35.00 *a28qoo
bS3.00 40.00 *077b81
578,80 45.00 0OO078
504,bO SO.nO *OSS2•7
4bO,O0 55,00 9Oq0249

415.50 1O.00 *134674
4 00.70 6s.00 ,oq7q43
341.30 70.00 -217102

W 4,829*E÷0Z
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CLR DIESEL HEAT RELEASE DATA -- NL 141 TIP, ? NM B*Pp 1h0g RPeM, CM FUEL

BORE DIAMETER a 3.900 INCHES
CRANK RADIUS a 1.875 INCHE

CONNECTING ROU LENGTH 2 b937s INCHES
COMPRESSION RATIO a 16700

VOLUMETRIC EFFICIENCY m072
INLET PRESSURE a 13,a70 PSI

INLET TEMPERATURE z 50oO000 DEG, R
AIR/FUEL RATIO a 14qb00

FUEL MOLECULAR WT 2 181,200 LO/LB-MOLE
SF1 a 0.000
SF2 a 1,000

PATM = 0000

p THETA DQ/DTHETA
(PSI) (DEG)
138.00 30.00 0.O25131
230*00 2s.00 "9OO 0B67
27b.00 20,00 Aso00 Ok
358,00 15900 WOOO247
4bO.O0 10.00 ,o15348
bsq,30 5.00 -. 023h37
7q7,30 0.00 ,OOSa07
qH1.30 5,00 *S0O5 b

1012.00 10,00 OS7OLb
1012.00 15.00 UObqb2e
q35.30 20,00 00751s1
874,00 aso0O GqSO2b
7q7.30 30,00 ollbolq
751.30 3S.00 *LO5g7b
b28,70 4O.O0 *073237
598900 4S,00 ,23s03s
567.30 50.00 ,274350
S06,00 S5,00 oL3qb22

O14,000 bO,00 *lbSib2
' 1't,0 65.00 *Lb'1710

383,30 70.00 o4474

W u 5,0140E+02
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CIR DIESEL HIEAr RELEASE DATA -- ML L41 TIP# 7 MM S+Po, 2000 RPMo, DF-2 FUEL

BORE DIAMETER z 3,800 INCHES
CRANK( RADIUS a 19975 INCHES

CONNECTING RU3 LENGTH a b,375 INCHES
COMPRES3ION RATIO = 6,?00

VOLUMETR~IC EFFICIENCY v653
IfJLeT PRESSURE 139830 PSI

INLET TEMPERATURE * 560,00 DEGs R
AIR/FUEL RATIO m 17,500

FUEL MOLECULAR WT x 1890 LB/LBWN0LE
SF1 = 01,000
SF2 4,000

PATM = 09000

P THE~TA DO/DYHETA

*1'1so5 30,00 -,001580%
212,30 2S.00 w.o0oessS
283.10 20.00 M,oOCaslb
371,50 15.00 walo
450.00 10.00 -.00'I301
56ba0 5.,00 "',05O14

10~43.80 0,00 -030
11.L,*b0 5.00
L079.20 .10.00 007
J.008.50 15,00 9060405

971lj20,00 008371s
86b,gio 25.00 0079716

bqh.ao *0'o oooq
760.90 3S.00 t1024983

S13,I0 40.00 o.G394~
654b54S00 051*507

44,300.00 9-.06S7'8

4W z 5.3628E*00
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CLR DIESEL HEAT RELEASE DATA -- NL 141 TIPP 7 MM B+P, 2000 RPM, BCM FUEL

BORE DIAMETER = 3,800 INCHES
CRANK RADIUS= 1.875 INCHES

CONNECTING ROO LENGTH = 6.375 INCHES
COMPRESSION RATIO = 16,700

VOLUMETRIC EFFICIENCY = b53
INLET PRESSURE = 13,830 PSI

INLET TEMPERATURE = SbO,000 DEG. R
AIR/FUEL RATIO = 14.bOO

FUEL MOLECULAR WT = 181,200 LB/LB-MOLE
SF1 = 0,000
SF2 = 1o000

PATH = 0,000

P THETA DQ/DTHETA
(PsI) (DEG)
146.40 30.00 -. 011893
209.10 25.00 -,008003
2q2.70 20,00 -,004136
37b01500 "bO00364
460,00 1,00 .0044804
920.00 5,00 -,0b7b77
I150,10 0.00 -,020S70

1233,70 S.00 044b89
1212.80 10.00 ,ObOB38
1171,00 15.00 .091021
1108,20 20,00 1119b99
102'.bO 25,00 *lSOS4b
941,00 30,00 .242708
8q9,10 35.00 ,595518
815.so 40.00 4,0191b0
731.90 45,00 -.82S198
710,qo s0.00 -,21bb30
648,20 55.00 -,0S1727
585.50 bO,00 ",03q744
543.bO bSO0 -,037430
501,80 70,00 -,OOb873

H b,3135E+02
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CLR DIESEL HEAT RELEASE DATA NL 141 TIP, 7 MM B+P, 2400 RP.M, DF-2 FUEL

BORE DIAMETER = 3,800 INCHES
CRANK RADIUS = 1,875 INCHES

CONNECTING ROD LENGTH = b,375 INCHES
COMPRESSION RATIO = lb,700

VOLUMETRIC EFFICIENCY = ,bS9
INLET PRESSURE = 1"3,7q0 PSI

INLET TEMPERATURE = sbO0000 DEG, R
AIR/FUEL RATIO = 17,bOO

FUEL MOLECULAR WT = 184,000 LB/LB-MOLE
SFI = 0.000
SF2 = 1,000

PATM = 0,000

P THETA DQ/DTHETA
Ps'i) (DEG)

115.00 30,00 ",03b589
230,00 25.00 0,00q021
27b.00 20,00 -,000704
368.00 15.00 W*003025
4b0,O0 10.00 W,003049
552.00 5.00 0,049qB90

1035.00 0,00 ",041735
llq6.0 S.00 ,050147
1150.00 10.00 *048720
'10.,00 is.00 ,070157
;012,00 20.00 OBS908
943,00 25.00 ,121915
874,00 30,00 ,172394
828.00 35,00 ,300b32
782.00 40.00 9730878
73b.00 45.00 -1,21S490
6qoo0 50.00 -. 279157
64455.00 "9131274
5q8,00 60.00 -"06blb5
552,00 b5.00 "'025520
56.O00 70,00 ,006447

W b,1472E+02
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CLR DIESEL HEAT RELEASE DATA -- NL 141 TIP, 7 MM B+P, 240n RPMr 8CM FUEL

BORE DIAMETER = 3.800 INCHES
CRANK RADIUS = 1.875 INCHES

CONNECTING ROD LENGTH = b,375 INCHES
COM{PRESSION RATIO = lb,700

VOLUMETRIC EFFICIENCY = .bs
INLET PRESSURE = 1"3.790 PSI

INLET TEMPERATURE = SbO.O00 DEG, R
AIR/FUEL RATIO = 1I,100

FUEL MOLECULAR WT = 181,200 LB/LB-MOLE
SFI = o,000
SF2 = 1,000

PATM = 0000

p THETA DO/DTHETA
(PSI) (DEG)

153.4U 30,00 ,00bl88
204.S0 25,00024
255.60 20.00 ,004503
35?.80 15,00 ",00b299
460.10 10.00 ,04693
q9o220 5.0 -,067512

1150.20 0.00 ",025041
1201.30 5.00 ,044931
122b.90 10.00 .Ob9300
I175.80 15.00 ,078850
1073.50 20,00 ,105690
1022.40 25,00 ,1704b3
945,70 30.00 .191796
8'3.50 35.00 ,258819
?q2.40 40,00 1,274925
7S6,80 45,00 %,52b701
71G.70 50.00 -i.1b7bb
6b'+.9O 55.00 -,132474
63qU0 bO.00 W105843
b13.40 bS.00 ",0b8692
587.90 70,00 -M045092

W 6.SbSRE+02
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CLR DIESEL HEAT RELEASE DATA -- NL 141 TIP, 10 MM B+Pp 1200 RPM, DF-2 FUEL

13ORE DIAMETER = 3,800 INCHES
CRANK RADIUS = 1.'87S INCHES

CONNECTING ROD LENGTH = b.375 INCHES
COMPRESSION RATIO = 1i,700

VOLUMETRIC EFFICIENCY = 700
INLET PRESSURE = 13,qlo PSI

INLET TEMPERATURE = SbO.000 DEG, R
AIR/FUEL RATIO = 18.000

FUEL MOLECULAR WT = 184.000 LB/LB-MOLE
SF1 0.000
SF2 = 1,000

PATM = 0,000

P tHETA DO/DTHETA
(PSI) (DEGG
lq6.00 30,00 -. 001893
247,10 25.00 00199b
306,70 20.00 .000512
391.90 15,00 002432
410,I0 I0,00 -. 041187
91l.60 5.00 -. 05S039

1073.50 0.00 ".008bb8
1167.20 5.00 ,038457
1133.20 10.00 .0348b7
1013,90 15.00 *036264
903.10 20.00 .03181b
741.20 25.00 ,004983
5H7.90 30.00 ,OObbb4
502.70 35.00 ,008870
400°.4O 40.00 -. 002787
340,80 45,00 .002321
281.20 50.00 ,0004S0
247,10 55.00 -,000325
204.SO bO,00 G005701
19h.UO 65.00 -,000224
153.40 70.00 -,O4464

W 3.0527E+02
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CLR DIESEL HEAT RELEASE DATA-.- NL 141 TIPP 1.0 MM B*PP 1200 RPMP BCM FUEL

BORE DIAMETER . 3.800 INCHES
CRANX RADIUS = 1,'76 INCHES

CONNECTING ROD LENGTH = b*375 INCHES
COMPRESSION RATIO lb,700

VOLUMETRIC EFFICIENCY 9 700
INLET PRESSURE = 13.910 PSI

INLET TEMPERATURE = 5b00oo0 DEG, R
AIR/FUEL RATIO = Lb6o00

FUEL MOLECULAR WT . 181,200 LB/LB-MOLE
SFI 0,000
SF2 . 1.000

PATM 00000

p THETA DO/DTHETA
CPSI DEG )
1q9,70 30,00 *001022
239,00 25,00 9002111
30o0.o 20,00 "',000782
389,4015,00 O901.508

1bO.20 10.00 "0020300
725,70 SO0 .093?Sb4
q2q,30 0.00 -.oosiqo

1089.00 5.00 0S1.100
110b.30 10,00 ,04801b
102b.bO 15,00 903q4o•
885.00 20,00 *021q41
752,30 25,00 *01q071
blO.70 30,00 vO0Beb
513.30 35.00 .007502.
4b1.00 40,00 .001030
3S4.00 4S500 p007192
300,0o 50,00 00189b
256,70 55,00 ",O138842
203,bO bO,00 4,009882
185,90 bS,00 ,003757
159,30 70,00 4,014154

= 3.1lbbE+02
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CLR DIESEL HEAT RELEASE DATA -- NL 141 TIPP 10 MM B÷P, lbO0 RPM, DF-2 FUEL

BORE DIAMETER = 3.800 INCHES
CRANK RADIUS = 1'.875 INCHES

CONNECTING ROO LENGTH = 6,375 INCHES
COMPRESSION RATIO = 16.700

VOLUMETRIC EFFICIENCY = vb72
INLET PRESSURE = 13,870 PSI

INLET TEMPERATURE = 560:000 DEG, R
AIR/FUEL RATIO = 17,700

FUEL MOLECULAR WT = 184,000 LB/LB-MOLE
SFI 0,000 4

SF2 = 1.000
PATM = 0,000

P THETA DQ/DTHETA
CPSII (DEG)
177,bU 30.00 .000345
219.40 25,00 -,00320q
303.00 20.00 -*001bBq
37b,20 IS,00 0010b7
459.80 10,00 ".035q50
84b.40 5,00 -,054820

1065,90 0,00 "0108bl
1201.80 5,00 ,055853
1222.70 10.00 .059748
113q,00 15.00 ,05b932
1013.b0 20.00 .04bb94 I)"

85b.90 25,00 ,026104
710.b0 30,00 .017S7b
59S.b5 35.00 ,O004490
480,70 40.00 M9004•*0
'407,b0 45,00 ,o002bbq
334.4050 SO.0 -,0041b

292.bO SS00 ,003493
250.80 b 60,00 -,003820
219.40 b5,00 ,003682
1q8,b0 70,00 .005313

W 3,bb*IE+02
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CLR DIESEL HEAT RELEASE DATA -- NL 141 TIPP 10 MM B÷Pf 1600 RPM# BCM FUEL

BORE DIAMETER = 3,800 INCHES
CRANK RADIUS = 1.*875 INCHES

CONNECTING ROD LENGTH = b.375 INCHES
COMPRESSION RATIO = 1b.700

VOLUMETRIC EFFICIENCY = ,b72
INLET PRESSURE = 13.870 PSI

INLET TEMPERATURE = SbO,000 DEG. R
AIR/FUEL RATIO = 17.200

FUEL mOLECULAR NT = 1819200 LB/LB-MOLE
SF1 = 0.000
SF2 = 1000

PATM = 0000

P THETA DO/OTHETA
CPSII (DEG)
180o00 30.00 -,0030b3
230,0u 25.00 ,002441
280.00 20.00 .000847
360.00 15.00 -q002894
4b0.O0 10.00 ".033631
810.00 5.00 .o04q02S

1020.00 0,00 W,010137
1150.0O 5.00 .054807
11q0o.00 10.00 Ob2626b
112C.o00 15.00 0b353q
1020.00 20.00 063q998
80.0o0 25o00 ,04+9709
7bO.00 30.00 Q02871b
630.00 35.00 .O11747
S30.00 40,00 .011358
+50.00 hS.00 .003b9b

380.00 50.00 .00082b
330.00 55,00 -. 01371b
270.00 bO,00 -. 00bb83
250.00 65.00 .002577
210,00 70o00 "t,039480

S = 3,939RE÷02
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CLR DIESEL HEAT RELEASE DATA -- NL 141 TIPP lo MM B÷PP 2000 RPM, DF-2 FUEL

BORE DIAMETER = 3800 INCHES
CRANK RADIUS = 1.875 INCHES

CONNECTING ROD LENGTH = 6,37S INCHES
COMPRESSION RATIO = lb,700

VOLUMETRIC EFFICIENCY = 6b53
INLET PRESSURE = 13;830 PSI

INLET TEMPERATURE = 5bO,000 DEG, R
AIR/FUEL RATIO = 17,700

FUEL MOLECULAR WT = 184,000 LB/LB-MOLE
SFI = 0,000
SF2 = 1,000

PATH = 0,000

P THETA DO/DTHETA
(PSI (DEG)
175.90 30.00 ,O000b4
21b,50 25,00 -,002831
297.70 20.00 -,002981
378.80 5l.00 000449
4bOO0 10,00 -. 05232b
987,70 5,00 .0,074042

1190,70 0.00 -,003893
13bb.50 5,00 .083952
1434,20 10,00 .108951
13q3.bO 15,00 .15S411
1244.80 20.00 911413b
1122.90 25,00 o141245

q74.20 30,00 .07b527
811,80 35,00 .00332b
b7b,50 40,00 -. 032650
S54,70 45,00 -,25813b
317.90 50.00 -. 054455
37R.80 55.00 .180575
338.30 bO,00 .010591
2q7,60 b5.00 M,018118
257.10 70,00 -0,043337

W 4,8459E+02
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CLR DIESEL HEAT RELEASE DATA -- NL 141 TIP, 10 MM B÷P, 2000 RPM, 8CM FUEL

BORE DIAMETER = 3,800 INCHES
CRANK RADIUS = 1,'875 INCHES

CONNECTING ROD LENGTH = b,37S INCHES
COMPRESSION RATIO = 16.700

VOLUMETRIC EFFICIENCY = ,bS3
INLET PRESSURE = 13,B30 PSI

INLET TEMPERATURE = 5bO,000 DEG. R
AIR/FUEL RATIO = lb,SO0

FUEL MOLECULAR WT = 181.200 LB/LB-MOLE
SF1 = 0,000
SF2 = 1,000

PATH = O,000

P THETA DO/DTHETA

PISI (DEG)
172.50 30,00 00304b

207.00 25,00 M,004507

29qoo 20,00 0,002be8
368.00 15.00 *000019
4bO.00 10,00 M,0430q7
8q?,00 5.00 .0567b*

lOb. SO 0.00 ",O10708
l1b1.SO 5,00 ,050232
119b,00 10,00 ,0b4132
1127.00 15.00 071S73
104b6.50 20.00 .083724
q31SO 25.00 .11q023
qO8.50 30,00 ,188q~b
7q3,50 35,00 -,032448
586,SO 40,00 -,Oq230q

483,00 4S,00 ,01013S
414,00 50.00 .002345
35,50 5S,O0 -,OlbO02
299.00 bO,00 -,OlSqqb
2b4.50 bS,00 -. 022344
218.50 70.00 ",0577q2

W 4',3203E+02

70



CLR DIESEL HEAT RELEASE DATA -- NL 141 TIP, 10 MM B+PP 2400 RPM, OF-2 FUEL

BORE DIAMETER = 3,800 INCHES
CRANK RADIUS = 1,'87S INCHES

CONNECTING ROD LENGTH = b,376 INCHES
COMPRESSION RATIO = 1b,700

VOLUMETRIC EFFICIENCY = ,bS
INLET PRESSURE = 13,790 PSI

INLET TEMPERATURE = 5bO,000 DEG. R
AIR/FUEL RATIO = 1b,.700

FUEL MOLECULAR WT = 184,000 LB/LB-MOLE
SF1 = 00000
SF2 = 1.000

PATH = 0,000

P THETA DO/DTHETA
CPSI) (DEG)

138.00 30.00 ",005*35
194.00 25.00 ,00568b.
260.b0 20,00 -,004148
337.30 15.00 ,006bb6b
45q.90 10,00 M9042119
858,50 5,00 -,068033

1165.10 0,00 -. 023689
1303,00 5.00 ,070850
13b4.40 10.00 .104720
1364.40 15.00 .133737
12S7.10 20.00 .130620
1119.10 25.00 .133012
qR1.10 30.00 .103020
827.80 35,00 -,002b62
b74.50 40.00 -,015342
582.50 45,00 -,021030
475.20 50,00 M,040809
'413.90 55.00 .013343
367,90 b0.00 .003079
321,90 bS.00 -. 00265*
2ql.30 70.00 .002848

w S=.bl7E+02

71



CLR DIESEL HEAT RELEASE DATA -- NL 141 TIPP 10 MM B÷Pr 2400 RPMP 8CM FUEL

HORE DIAMETER = 3,800 INCHES
CRANK RADIUS = 1;875 INCHES

CONNECTING ROD LENGTH = 6,375 INCHES
COMPRESSION RATIO = 1b,700

VOLUMETRIC EFFICIENCY = .*bSq
INLET PRESSURE = 13,790 PSI

INLET TEMPERATURE = SbO0,00 DEG, R
AIR/FUEL RATIO = 150boo

FUEL MOLECULAR WT = 181,200 LB/LB-MOLE
SFI = 0.000
SF2 = 1.000

PATM 0.000

P THETA DO/DTHETA
(PS)I DEGG
209.10 30,00 -.D0Sb9•
292,70 25.00 -,009178
397.30 20.00 *010672
418.20 15.00 *01633B
460,00 10.00 -=Oiiiq

1275.50 5.00 ",143652
156B.20 0.00 W,015772
1777.40 5,00 .14ssR9
1840.10 10.00 .235334
1819.20 15.00 ,S34ObB
1735.50 20,00 -3,951748
6l10.10 25.00 -"301028

1421.90 30.00 M,132751
1275.50 35.00 -,078483
1129.10 40.00 -. 020268
q32,80 45.00 .013157
857.30 50.00 ,042214
731.80 55.00 ,0287b2
669.10 b0.00 -. 033867
627,30 bS,00 -. 008101
Sb'.bO 70,00 o040362

W 8#4280E+02
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CLR DIESEL HEAT RELEASE DATA -- ADB bb1 TIP, 7 MM B+P, 1200 RPM, DF-2 FUE

BORE DIAMETER = 3.800 INCHES
CRANK RADIUS = 1;875 INCHES

CONNECTING ROD LENGTH = b.375 INCHES
COMPRESSION RATIO = lb.700

VOLUMETHIC EFFICIENCY = .0700
INLET PRESSURE 2 13,qlO PSI

INLET TEMPERATURE = 56O.O00 DEG. R
AIR/FUEL RATIO = 17.b00

FUEL MOLECULAR WT = 184.000 LB/LB-MOLE
SF1 0.000
SF2 = 1,000

PATM = 0.000

P THETA DO/DTHETA
(.PSI (DEG)
1q7,20 30.00 .000115
244.10 25.00 .003113
300.50 20.00 *00213b
375.bO 1S.00 .000701
4bO.1O 10,00 -. 008724
bO,40 S.O0 ",02S767
B16.qO 0.00 -. OOb2ql
67.20 S.O0 .047784

10141,0 10,00 - .053b49
98b.O0 15,00 .,OS48bO
8q2,10 20,00 .04q523
788.80 25.00 D04040
bbb,70 30.00 .024433
Sb3.0 3S,00 .OS483
4bq.SO 40.00 005S83
39•.40 45,00 ",OOb842
319.30 50.00 ",01177b
272'30 55,00 .OObOb7
244.10 bO,00 .002156
211bbO b5.00 -,020q77
lbq9.0 70,00 -,0343q1

W 3.3447E+02
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CLR DIESEL HEAT RELEASE DATA -- ADB bbl TIP, 7 MM B÷Pr 1200 RPM, BCM FUEL

BORE DIAMETER = 3,800 INCHES
CRANK RADIUS = 1;975 INCHES

CONNECTING ROD LENGTH = b,375 INCHES
COMPRESSION RATIO = lb.700

VOLUMETRIC EFFICIENCY = .,700
INLET PRESSURE = 13,910 PSI

INLET TEMPERATURE = SbO.000 DEG, R
AIR/FUEL RATIO = 15.I00

FUEL MOLECULAR WT = 181,200 LB/LB-MOLE
SF1 = 0.000
SF2 = 1,000

PATM = 0,000

P THETA DQ/DTHETA
(PSI) CDEGG
204,40 30,00 .008194
235,10 25,00 ,00250S
30b.b0 20.00 -. 000834
388.40 15,00 .002230
4bOgO00 10.00 ",ooqq3s
633.60 5.00 ",025734
817.b0 0.00 M,005738
q50,50 5.00 o050b68

1042.40 10.00 ,Ob5288
1027.00 15.00 .Gbbl8S

q50.50 20.00 DObl18b
838.00 25.00 050140
725.60 30,00 .050630
b43.qo 35.00 .035888
531.40 40.00 .002534
4*0qO 45.00 .009703
388.40 50.00 -. 008077
316.80 S5.00 -. 01b942
276.00 bO.00 -. 006b42
235.10 b5.00 -. 013339
204.40 70,00 -. 0161'5

W 3,7701E÷02
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CLR DIESEL HEAT RELEASE DATA -- ADB b6b1 TIPr 7 MM B+P, Lb00 RPM, DF-2 FUEL

BORE DIAMETER = 3,800 INCHES
CRANK RADIUS = 1.875 INCHES

CONNECTING ROD LENGTH = b,375 INCHES
COMPRESSION RATIO = 1b,700

VOLUMETRIC EFFICIENCY = b72
INLET PRESSURE = 13,870 PSI

INLET TEMPERATURE = 5b0.000 DEG, R
AIR/FUEL RATIO = 17,200

FUEL MOLECULAR wT = 184,000 LB/LB-MOLE
SF1 = 0,000
SF2 = 1,000

PATM = 0,000

P THETA DO/OTHETA

(PSI (DEG)
200.40 30,00 .005b34

235.80 2SoO0 .00401S

294.80 20.00 .0019sb

3bSbO 15,00 ",000632

'bO.00 10.00 -.011078

b2•,9 5.00 .- ,02bq55

825.30 0.00 -. 00268q
1002.20 .5.00 055724

1061.10 10.00 .ObSb70
1061.10 IS100 .077550
qqo.80 20.00 081388

907.80 25,00 *07855b
78q.90 30.00 .05585q
b83.80 35.00 .045853
589.50 40.00 .031615
507.00 45.00 .004835
424.40 50.00 .002b08
377.30 55.00 .001945
318.30 bO.00 -. 013bb5
283.00 bS6.0 -. 0030bq
247.bO 70,00 -,0242bl

W = ,230qE+02
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CLR DIESEL HEAT RELEASE DATA -- ADO b6b6 TIP, 7 MM B+Pr lbO0 RPM, 8CM FUEL

BORE DIAMETER = 3,800 INCHES
CRANK RADIUS = 1'875 INCHES

CONNECTING ROD LENGIH = b.375 INCHES
COMPRESSION RATIO = lb,700

VOLUMETRIC EFFICIENCY = .,b72
INLET PRESSURE = 13,870 PSI

INLET TEMPERATURE = sbOO00 DEG. R
AIR/FUEL RATIO = 14,200

FUEL MOLECULAR WT = 181.200 LB/LB-MOLE
SFI = 09000
SF2 = 1000

PATM = 0.000

P. THETA DQ/DTHETA
(PSI (DEG)
184,00 30,00 .002074
223,40 25,00 ,003334
27b,00 20,00 M,003740
381.10 15,00 ",00229b
1bo0.00 10.00 W,012128

b44,O0 5.00 "Q,028b52
8•l1,0 0,00 -,OObO8
985S50 S.00 ,048221

1024.90 10,00 .05qS8b
1024,qO 150O0 .0823Ob
998.bO 20,00 ,102630
933.00 25,00 o106501
841.00 30,00 100484
749.00 35,00 *078bo0
643.90 40.00 ,078609
Sql.30 45.00 O055q37
48b.20 50,00 -. 016779
433.60 55.00 .002182
368.00 bO.00 -. 021b92
328.bO bS,50 .024427
302.30 70.00 .030580

W = .b711E+02
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CLR DIESEL HEAT RELEASE DATA -- ADS bb1 TIP, 7 MH B+P, 2000 RPM, DF-2 FUEL

BORE DIAMETER = 3.800 INCHES
CRANK RADIUS= 1,i875 INCHES

CONNECTING ROD LENGTH = b.37S INCHES
COMPRESSION RATIO = 1b.700

VOLUMETRIC EFFICIENCY = .b53
INLET PRESSURE = 13.830 PSI

INLET TEMPERATURE = SbO.Ooo DEG. R
AIR/FUEL RATIO = 14,800

FUEL MOLECULAR WT = 184,000 LB/LB-MOLE
SF1 = 0.000
SF2 = 1000

PATH = 0.000

PTHETA DQ/DTHETA(PSI) (DEG)

147,90 30.00 -.o00S34
197,20 25,00 -. 003224
262,90 20,00 -. 0031bl
345.00 15,00 -. Oosqqo
4bO.O0 10,00 -. 0217q3
b90.10 S,O0 ",047142

1002.20 0.00 ,023167
1133.70 SO0 052024
1150.10 10.00 .060052
1100.80 15,00 .083991
1068.00 20.00 *13Sbb8
1035.10 25,00 .197913

9bq.o0 30.00 .2bl350
887.20 35,00 .43lb9
821,50 40,00 -203*549B18
722.90 4S.00 -. 721925
b73,o0 50.00 -. 2170q7
b07.90 55.00 -.0•6813
54I2.20 60.00 .033528
7bSO b5.00 003508

443,bO 70,00 -,055622

w 6.0422E+02
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CLR 0XESEL HEAT RELEASE DAIA ADB bqhi TIP, 7 MM B*P, 2000 RPMo 8Cm FUEL

8ORE DIAMETER = 3,800 INCHES
CRANK RADIUS = ls7S INCHES

CONNECTENG ROD LENGTH = b.375 INCHES
COMPRESSION RATIO lfh,700

VOLUMETRIC EFFICIENCY = ,b53
INLET PRESdURE = 13,830 Psi

INLET TEMPERATURE x S5G.O00o DZ R
AIR/FUEL RATIO z 12.303

FUEL MOLECULAR WT a 1861,00 LB/LB-MOLE
SFi = 0.000
SF2 a 1.000

PATH x 0.000

P THETA DO/DTHETA
(PSI (lEG)
lb2.'I0 30,00 ",006b72
21b.50 25000 .9000321
270.60 ?0.00 ".O000b6
351,89 15,.0 0,O0*b4
4b0,00 10.00 019032087

5780.0 5,00 "041boq?
987,70 0.00 -"0103q1

1109.50 S.OO 40S3112
l15D.00 10.00 ob0bbll

1109.50 15.00 '07b715
ln28.30 20,00 '829qq3
920,OG 25,00 .07+4b9
7q9830 30.00 *0S0b73
b7b.SO 35.00 901'vo08
5qS.30 40,00 0050211
514,10 45.00 .025192
44'..O0 .OOb~b
378.80 55.00 .,3OOaSb
338,20 bO0.0 -,012809
284.10 bs.00 "v021.23
257,10 70.00 .0044b7

W 4#3553E÷02
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CLR DIESEL HEAT RELEASE DATA -- ADB 5qbl TIPP 7 MM B÷P, 2400 RPM, BCM FUEL

BORE DIAMETER = 3.800 INCHES
CRANK RADIUS = 1-i875 INCHES

CONNECTING ROD LENGTH b,375 INCHES
COMPRESSION RATIO = 16,700

VOLUMETRIC EFFICIENCY = bSq
INLET PRESSURE = 13,790 PSI

INLET TEMPERATURE = 50O,000 DEG, R

AIR/FUEL RATIO = 13,000
FUEL MOLECULAR WT = 181,200 LB/LB-MOLE

SF1 = 0,000
SF2 = 1,000

PATM = 0.000

p THETA DO/DTHETA
(PSI) (DEG)

131.40 30.00 -. 023869

219.00 25.00 00421

262.80 20,00 ",000638

350.40 15,00 ".005727

4bO.00 10.00 -.-03510

810.30 5.00 -.048415

1007.40 0,00 -. 011277

111b,90 5.00 O4Bbb4

1138.80 10,00 .06oq4o

1116.90 15.00 .101492
1116.90 20.00 ,153bb5

1051,20 25.00 .18qq4O
q85.50 30.00 .312*57
919.80 35.00 ,R33055
854.10 40,00 -1.08b248
810.30 45,00 -,290657
766.SO 50.00 -,115b97

700,80 55.00 -,035581
63S,10 60.00 .001283
Sbq.4O 65.00 .0b6l48

481.80 70.00 .190884

W 6,sq39E÷02

79



CLR DIESEL HEAT RELEASE DATA -- ADS bqbl TIP, 7 NM BtP, a0oo RPM, BCM FUEL

BORE DIAMETER a 3.800 INCHES
CRANK RADIUS z 1"*875 INCHE8

CONNECTING ROD LENGTH = b,375 INCHE3
COMPRESSION RATIO a l6.700

VOLUMETRIC EFFICIENCY a ':sc
INLF•T PRESSUrE : 130?qo PSI

INLET TEMPERATURE = S60,000 DEGp R
AIR/FUEL RATIO 2 11,300

FUEL MOLECULAR WT z. 181*200 LBILB-1OLE
SFI c 0,000
SF2 m 1.000

PATM 0 00000

P THETA DQtDTHETA

S7.50 30000 "MoOlbSl
103.50 2S,00
12b.50 20.00 -,00233S
181+,o0 15.00 .- 4003802
?41.s0 10.00 mv022313
483.00 5,00 -*02qq40
S75.00 0,00 W003SS4

f32,SO 5,00 .018118
1621.00 10,00 .023632
ksoq,5o 15,00 ,034qb9
S•b.SO 20.00 o04382
$$2,00 25.00 *0121?b
*+4*.SO 30.00 0o59q3q

t71,so 35.00 .0SSbBS
*25.so 40000 o0 3 q953

37g.so 1S,0.0 903b'14
345.00 50.00 .035551

310.50 55.00 go022bo
276.00 60.00 .30bi35
1T1.o0 65.00 .902SO99
19S.50 70.00

Ni 3.11'I8E401

80

j



DISTRIBUTION LIST

No. of No. of

Copie•i Copies

Department of Defense

Defense Documentation Certec Director of Defense Research & Engineering 'OSD)
CameTon Station 12 Attn: Dsp Dir/Research & Technology
Alexandria, Virginia 22314 Washington, D.C. 20301

Defense Fuel Supply Center Office of the Auistant Secretary of Defenie
Attn: DFSCr-TC 3 Attn: Technical Advisory Panel on

Office of TechnEcal Servioes Fuels & Lubricants
Cameron Station Washington, D.C. 20301
Alexandria. Virginia 22314

Departinen. of the Army - Technical Services

Commander Commander
U.S. Army Materiel Command Army Logistics Manrgement Center
5001 Eisenhower Road Ft. Lne, Virginia 23801
Attn: AMCRD-TC 1

AMCSU-DG Commander
AMCRD-ES 1 U.S. Army Munitious Command

Alexandria, Virginia 22304 Picatinuy Ar"enal
Ax riV n23,ttn: SMUPA-D

'm. osnmmder Dover, New Jersey 07801

U.S. Army Weapons Command C,;nmmarnder
Attn: AMSWF-RE I Watervliet Arsenal

AMSWE-SM I Atts: SMESV-RDR
AMSWE-PP 1 Watervliet, New York 12180

Rock Island, Illinois 61201

Commander (Commander

U.S. Army Missile Command Frankford Arsenal

Att: AMSMI-RSM Attn: SMUFA-L6000(

AMSMI-RRS ISMUFA-LIOOI

Redstone Arsenal, Alabama 35809 Library, C2500
Philadelphia, Penrnsylhania 19317

Commander
Anniston Army Depot CommnnJer

Atn: Chemical Laboratory White Sands Missile Range

Anniston, Alabama 36202 Attn: ORDBS-OM-Electro-Mechanical Labs
ORDBS-OM Systems Test Division

Cornmande: ORDBS-OM

U.S. Army General Materials & Farts Center White Sands, New Mexico 88002

Attn: AMXGP-SE
New Cumberland Army Depot, Oldf 85-3 Commander
New Cumberland, Pennsylvania 17070 U.S. Army Mobility Equipment Research A

Development Centerr

Commander Attn: STSFB-RT

U.S. Army General Materials & Parts Center STSFB-ET

Attn: AMXGP-SW I STSFB-MN

Sharpe Army Depot STSFB-W

Lathrop, Ca=lornia 9533u STSFB-GL $
STSFD-HM I

Commander STSFB-HK I
U.S. Army Tank-Automotive Command Fort Belvoir, Virginia 2:2060
Attn: AMSTA-RKMT

AMSTA-RGP 3 .ommander
AMSTA-RGL I U.S. Army AeronauticO Depot Maintenance Center
AMSTA-RGR 3 Naval Air Station
AMSTA-MVC 1 Attn: AMSAC-Q

Warren, Michipn 48090 Cormpu Chrittl T'exas 78419

81

.........
- .~-IOW-



No. of No. of
Cpi.us Copies

Department of the Army Technical Services (Cont 'd)

Commander Commander
U.S. Airny Foreign Science & Technology Center U.S. Army Chemical Research & Development
Federal Bldg Laborato-ies
Attn: AMXST-GE I Attn: Directorate of Weapons Systems (SMUCR-WS)
(Carlottesville, 'Virginia 22901 Edgewood Arsenal,

Aberdeen Proving Ground, Maryland 21010
US. Army Ord.nanc Center

and School Commander
Attn: ATSL-'TD-MS-A oU.S. Army ArcticTest Activity
Aberdeen Proving Ground, Maryland 21005 Arm Ati TAP() 731
Commander Seattle, Washington 98731

U.S. Army Materials & Mechanics Research
Center Commander

Attn: AMXMR-TMS I U.S. Army Alaska Support Command
Watertown, Massachusetts 02172 Attn: ARCI.Q

APO Seattle, Washington 98749
Commander
U.S. Army Mobility Equipment Command Commander
4300 Goodfellow Blvd U.S. Army CDC Supply Agency
Attn: Technical Library Material Requirements Division
St. Louis, Ma&souri 63120 Attn: CDCSA-R

DeoFort Lee, Virginia 23801Director

Materiel Test Directorate
Building 400 1 President

Aberdeen Proving Ground, Maryland 21005 U.S. Army Armor & Engineer Board
Attn: STEBB-EN

Technical Library Fort Knox, Kentucky 40121

Aberdeen Proving Ground, Maryland 21005

Commander
Chief of Research & Development Yuma Proving Ground
Department of the Army Attn: STEYT-MTS
Attn: CRDAM I Yuma. Arizona 85369
Washington, OC. 20! 10

Comminder Corp of Engineers

U.S. A'rmy Re?,earch Office (Durham) Washington Aqueduct Division

Box CM, Duae Station 1 5900 MacArthur Blvd

Drham, North Carolina 27706 Washington, D.C. 20315

Cownander Commander
U.S. Army Aviation School U.S. Army Maintenance Managtment Center
Attn: (ffce of the Librarian I Atta: AMlXMD-T
Fort Rucker, Alabama 36362 Lexington. Xentucky 46507

Depatment of the Nevy

Commander Commander
U.S. Naval Air Systems Command Naval Ordnance Systems Command
At•r: PAR 534.5IB A Attr: Technical Library (ORD-9132) 2

AIR 5365 1 Washington, D.C. 20360
WashLg4ton, DC. 10360

Director
Colmaw4nder U.S. Naval Research Laboratory
Naval Air Development Center Attn: Code 6200 1
Code MACO I Code 6180 1
Wamn'gster, Pennsylvania 1 974 Washington, D.C. 20390

822 _____



No, of No. of
Copies Copies

Department of the Navy (Cont 'd)

Superintendent Naval Ship Engineering Centet
U.S. Naval Post Graduate School Department of the Navy
Attn: Technical Reports Section I Attn: SEC 6101E
Monterey, Call'ornia 93940 Washington, D.C. 20360

Commander Commander

U.S. Naval Air Station Naval Ship Engineering Center

Overhaul & Repair Department Code 6101 F, Center Bldg

North island Prince George's Center

San Diego, California 92135 Hyattsville, Maryland 20782

Commander
Commander Naval Ship R&D Center
U.S. Naval Civil Engineering Annppolls Laboratory

Laboratory Attn: Technical Library
Port Hueneme, California 93041 Annapolis, Maryland 21402

Commandant Commander
U.S. Marine Corps. Naval Facitities Engineering Command
Attn: Code AX I Transportation Maintenance Management Branch

Code A04H I Attn: Code •0332
Washington, D.C. 20380 Washingt.on, D.C. 20390

Department of the Air Force

Commander HeadquartersAir Force Materials Laboratory (AFSC) U.S. Air Force (AFCSAI)

Attn: AFML/MX I Washington, D.C. 20330
Wright-Patterson Air Force Raae, Ohio 45433

('ornndler
Headq uarters
San Antonio Air Material Area
Attn: SAAMA (SAOQ) I
Kelly Air Force Base, Texas 78241

Other Government Agencies

Scientific & rechnical Information Facility Project Coordinator
P.O. Box 33 Bartlesville Petroleum Research Center
Attn: NASA Representative (SAK/DL) U.S. Department of the Interior
College Park, Maryland 20740 Bureau of Mines

P.O. Box 1398 2
Federal Aviation Administration BartleavilIe, Oklahoma 74003
800 Independence Avenue S.W.
Attn: Administrative Standards Division (MS-1 10) 2 Director
Washington, D.C. 20590 U.S. Postal Service

Nationai Maintenance Technical 2
Support Center
Norman, Oklahoma 73069

?8


