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I. I n t r o d u c t i o n  and Objectives 

This project was undur takon as  a sequal to an anrliar 
NASA c o n t r a c t  project e n t i t l e d ,  nLight=waighC, Low Compression 
A i r c r a f t  Diesel Engine," c a r r i n d  out under NASA c o n t r a c t  

No. NAS 3-20053, undor Cha direction of R. A. Kroagar of the 

Aerospace Department, Collagc of Engineering, u n i v e r s i t y  of 

Michigan. F u r t h e r  d c t a i l s  c o n c e r n i n g  t h i s  proceding projact 

aro g i v e n  on t h e  t i t l e  s h e e t  of the Raport  No. CR-135300, 

which is includod hcrawith as Appendix A, and i n  raft lronco l*. 

This grant was made to d e t o r ~ n i n o  t h o  E a a s i b i l i t y  of 

c o n v e r t i n g  il s p a r k - i g n i t i o n  a i r c r a f t  engine  GTS 10-520 t o  
comprassion i g n i t i o n  w i t h o u t  increasing thc peak combust ion 
prassurc of lJOO lbs / sq .  i n .  File E i n n l  c n g i n c  cont~mplntcd 
w a n  t o  u t i l i z e  i n t a k o  air h e a t i n g  a t  i d l e  and l i g h t  load 

and o compression xntio of about 1 0 : l  w i t h  n smal l  amount 
of  "fumigakion" ( t h e  a d d i t i o n  of about 15% fucl i n t o  thc 
combust ion n i x  baforc t h c  cylinder). 

The c n g i n e  used was a modification of a C o n t i n e n t a l -  
Tcledyne gasoline c n g i n c  cylindcr from the GTSIO-520 s u p ~ r c l ~ n r g c d  
n i x c r a f t  onginc .  

~ h c  normal process of dcvclopmcnk aE the new task apparatus 

and of methods of t es t ,  coupled wit11 soma p c r s o n n a l  prola lcn~s ,  
used t h e  dollar budgat t o  such an axtcnt t h a t  the combust ion  
devalopment  remains about 4 monChs short of cornplc t ion .  

(1) The o r i g i n a l  cost c s t i m n t c  made at Cha U n i v e r s i t y  of Michigan 
t o  do tho work was c o n s i d c r n b l y  graatcr than t h e  amount NASA had 
a v n i l n b l c .  Nevertheless, khc work was undcr takcn  on  the hns is  
that thare would bc a minimun~ of unplnnncd t r o u b l c .  The t c s t  
cqupment "debugging1',  of course, was u n c s p c c t a d  and t h i s  i s  
cxpln incd  on t h e  basis that the c e l l  ncodcd t o  be revised more 
than expected hccausc o f  i n c r e a s e  i n  power f o r  the 520 over the 
previous c n g i n e  used in t h e  task ce l l .  



The r e l i a b l e  data taken on the last days of t e s t  

indicate t h a t  t h e  a i r  u t i l i z a t i o n  was poor,  probably because 

the  factors of a i r  s w i r l  (2) i n  the combustion chamber, 

i n j e c t i o n  of the fuel i n t o  t h e  combustion volume, and f u e l  

i n j e c t i o n  t iming had not been optimized (no te  ~ i g u r e  4 )  , page 9. 
See cruise power t a b l e  comparison, Table 1, page 5 ,  which 

shows that 70% more a i r  w a s  r equ i red  for  equal power compared 

to the standard spark ignition engine whereas comparable 

we1.l-developed d i e s e l s  r e q u i r e  about 33% more. W e  b e l i e v e  

t h a t  a greater cut-and-try e f f o r t  w i l l  y i e l d  the required 

improvement. The test c o n d i t i o n s  and performance for take-off 

power have not been evaluated  in t h i s  work s o  f a r .  The con- 

verted standard s .park-igni t ion cy l inder  e s s e n t i a l l y  withstood 

the t e s t i n g  without mechanical t r o u b l e  even though some da t a  

points were obtained w i t h  1300 lbs /sg . in .  peak combustion 

pressure. 

A s  suggested above, t h e r e  w e r e  many changes i n  equipment 

and improvements i n  the accuracy of t h e  measurements as t h e  

work progressed. Some of t h e s e  modif ica t ions  are i n d i c a t e d  on 

F i g u r e  1, which shows hours of engine operating t i m e  as a 

function of ca lendar  date. T h e  result of a l l  t h i s  i s  t h a t  

w e  have l i t t l e  confidence i n  most of  the data taken. For 

t h i s  reason only  t h e  performance data of Figure 2 ,  and t h e  

t a b u l a t e d  comparison shown on Table 1, page 5 ,  have bean 

included.  These d a t a  were taken  near  t h e  end of t h e  grant 

p e r i o d ,  and rep resen t  v a l u e s  which w e  b e l i e v e  t o  be most 

reliable. However, even t h e s e  data p o i n t s  should be re-run 

to g ive  confidence i n  them. 

( 2 )  There is a considerable literature on t h e  importance of 
a i r  s w i r l  and of air turbulence  i n  u t i l i z i n g  air i n  the 
combust~on space and a recent reference is SAE 810477 ,  especial- 
l y  SAE 810255, and t h e  l i s t  of r e fe rences  given i n  t h i s  paper.  



Table 1 

comparison of Cont inenta l  Aircraft Engine GTSIO-520F 
and Best Performance of NASA Experhnental  D i e s e l  Cylinder 

Cruise Power 

(75% x 435 = 324 BHP at 2900 rpm = 170.2 BMEP) 

Compression ratio 

RPM 

Fuel/Ai r 

Brake Sp. Fuel Cons.,lbs/BHP-hr 

Indicated Fuel Cons. , lbs/~HP-hr 
Peak Comb. Press, lbs / sq. in, 
Press. Rise Rate, psi/ca 

Brake ,YIP, lbs/sq.in. 

Indicated MEP, lbs/sq. in, 

Exh. ~ernp,O~ 

Intake Temp., OF 

Cyl. Head Temp. , OF 

Smoke Hartridge 
II 

Cooling Air Press. Drop Hz0 

Intake Air Press. 1n.Hg.Abs. 

Exh. Press. 1n.Hg.Abs. 

Air Utilization, lbs.Air/BHP.hr. 

Air Density, lbm/ft3 

Reference 

GTS 10-520F 

GTSZO-520-F 
Report KO. 629 
14 July 70 

Diesel 
Present 

July 
24-78 

(1) Operation at this F/A is not recome~icied because detonation margin 
is small and because of higher cylinder head temperatures. 

(2) Mech. Ef f . = 90% - (based on friction HP curve f o r  GTSIO-520) 
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( 1 1 Scope, Needle Lif t  Trans., Poloraid, New Fuel Weigh , Reploce Toledo with Link - Hartridge. 

Fig. 1. Engine firing time and Modifications, as function o f  dote. 



READINGS 169-180, log. sh, 28,14 June 1978 
RPM-2600,  IHP-51  (38KW). IMEP- 1791bs/in2(1.23~~a) 
PMAX - 1200 PSI (8.27 MPol. PRESS. RISE RATE - 168 PSI/CAO 
l N T . A l R ~ ~ ~ ~ ~ . - 7 0 " ~ g a b s ( 1 7 7 . 8 c m H g  ((*16Mpa/CAq) 
EXH, BACK PRESS,- 50" 

0- 

2.0 Q 

\ 
X 
d 1.6 

0 a 
0 I k  

INTAKE AIR TEMPERATURE 

Fig. 2. Best performance obtained from GTS 10 - 520 F 
modified diesel cylinder. 
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Fig. 3. Engine performance from Ref. I , earlier NASA contraci. 
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Piston AD- 132 Contour 

. - . . . . I  

Fig.4. Nozzle hole angles related to pistons AD- 131 and AD-  132 top contours. 



The best results a t  t h e  cruise c o n d i t i o n  ob ta ined  

from our  single-cylinder tests are shown on Figure 2 .  T h i s  
is in ~ o m p a r ~ s o n  with the data shown on F igure  3,  which is 

a reproduct ion  of Figure 29? taken from reference 1, Report 

No. CR-135300. Table 2 below compares some of thb significant 
va3.ues. It w i l l  be noted that s u b s t a n t i a l  gainz were accomplish- 
cd i n  improving f u e l  economy and  educing smoke. 

The r e s u l t s  of t h e  computer simulation programs are given 
in a following section. 

Table 2 

comparison of Single Cylinder Test Engine Performance 

at Maximum Output of 1977  C o n t r a c t  (Ref. 1) with 

Present Grant Best Performance Conditions: 

?M 2600. 
Intake air temperature ,OF 225 

I n t a k e  air pressure 70"  Hg. 

Exhaust. pressure 50" Hg. 

T e s t  run No. 174 

Ind. Ind . Smoke Hartridge 
M.E.P. SFC (lbs/ind. HP-hr) 

I. 
H.S.U. 

- 1979 1977 1977 - 1979 1977 1979 

175 179 -51 0.356 80 11.5 



I ~ q u i p m e n t  Changes and Improvements 

During the  period of t h i s  g r a n t  many test cel l  modifica- 

t i o n s ,  equipment changes and improvements have been made, 

See Figure 1 - Engine Firing Time vs. Date ( for  t h e  date when 
these changes were made). The l i s t  of major changes and 

modi f i ca t ions  which fo l low are i n d i c a t i v e  of the problems 

which see,-rred. 

1. The pressure  t r ansducers  f o r  the cylinder pressure 

(Kis t l e r - type  6005)  and for t h e  f u e l  l i n e  p ressu re  

(Kis t l e r - type  607 FX) were recalibrated s e v e r a l  

times. 

2. The two-trace osc i l loscope  was replaced by a four- 

t r a c e  Tektronix oscilloscope t o  a l low simulf-  ~neous 

recording  of :  cy l inder  pressure, f u e l  Line pressure, 

needle lift, and crank angle degree marks. 

3. T h e  n e e d l e  l i f t  instrument  i n s t a l l a t i o n  was improved 

following a visit t o  t h e  Stanadyrle Co., Hart ford ,  

Connect icut ,  where many d e t a i l s  were d iscussed .  The 

previous  i n s t a l l a t i o n  used during t h e  e a r l i e r  c o n t r a c t  

r e s u l t e d  in broken i n j e c t i o n  s p r i n g s  and plugging of 

several n o z z l e  holes  of t h e  i n j e c t o r  AD-129 which w a s  
i n  t h e  engine a t  t h e  s t a r t  of t h i s  g r a n t .  The broken 

spring i s  suspected t o  be t h e  reason fo r  t h e  e x t r m e -  

ly high smoke ( 7 0  and 80 H .  S. U) and h igh  s p e c i f i c  

fuel consumption (0.51 and 0.52 lb/hp-hr) of Figure 3 

f r o m  Report CR-135300). 

4. The appropriate polaro id  camera w a s  recondi t ioned 

and i n s t a l l e d  on t h e  osc i l loscope .  

5. It was found t h a t  t he  scale beam r ead ings  were more 

steady without use of t h e  engine automatic speed 

control device. A sp r ing  was installed i n  t h e  pump 

rack c o n t r o l  l inkage  t o  i n s u r e  constant rack 



p o s i t i o n  dur ing  test r u n s .  To measure rpm, a t o t a l  

r e v o l u t i o n  coun te r  was synchronized with  the f u e l  

weighing timer. 

6 .  A new fuel weighing device  w a s  i nco rpora t ed  i n t o  
t h e  equipment set-up t o  improve t h e  p r e c i s i o n  of  

f u e l  measurement. 

7.  The leak-off of t h e  i n j e c t o r  was ducted back t o  
t>e f u e l  measuring beaker ,  t o  avoid e r r o r  from 
such leakage.  

8. Pvo a d d i t i o n a l  tempera ture  i n d i c a t o r s  were i n s t a l l e d  
fqr d i r e c t  measurement of c y l i n d e r  head and exhaus t  

temperature .  

9. h new a i r  pressure r e g u l a t i n g  valve w a s  i n s t a l l e d  
in t h e  a i r  supply  system which r e s u l t e d  i n  less 
f l u c t u a t i o n  of t h e  engine i n t a k e  a i r  p r e s s u r e .  

10. The cy l inde r  p r e s s u r e  t r ansduce r  was mounted f l u s h  
wikh the i n n e r  combustion chamber w a l l  by means 

of a new adapter.  

11. The thermocouple probe f o r  t h e  exhaust t empera ture  
was found t o  be burned and was r ep laced .  

1 2 .  The Toledo gear-weighted p o i n t e r  dynamometer load 

measuring u n i t  was r ep laced  by a Link-Unibeam 
Systei\~ t o  (a) e l i m i n a t e  need f o r  observer  t o  average 

p o i n t e r  reading v a r i a t i o n  due t o  v i b r a t i o n  of point-  
e r ,  (b)  i n c r e a s e  scale l e n g t h  when reading eng ine  
f r i c t i o n ,  (c) t o  prevent  d e s t r u c t i o n  of t h e  gear teekh  
of t h e  Toledo u n i t .  

13 .  A f u e l  leak near  t h e  base of t h e  fuel l i n e  p r e s s u r e  
t ransducer  holder was repaired. 



14. The Hartridge smokemeter showed inconsistent 
readings and was reconditioned by the factory 
authorized cervicc .  

1 5 .  A new AVL waker-cooled quartz pressure transducer 
No. 12QP505 with special  temperature compensation, 
and with a s h i e l d ,  was i n s t a l l e d  for  reduced 

radiant heat effects. The pxessure u n i t  was also 
suspect because of zero pressure u n c e r t a i n t y .  

16. A t  higher encline speeds ,  the flexible exhaust hose 
failed several t i m e s  and it was necessary to 
m o d ~ f y  the exhaust system by Lowering the exhaust 
sv,rse t a e k  qnd thus eliminate t h e  bending and 

r e s u l t d ~ . ~ L  stress of the  flexible hose between the 

cylinder and the tank. 



IV. ~ i f f i c u l k i e s  with and Changes made i n  Engine 

During the  period of November 1, 1977 through July 31, 

1978 ,  seve ra l  engine- re la ted  d i f f i c u l t i e s  were encountered, 
and zorresponding changes and/or improvements were made, as 
fol lows : 

I. A f t e r  s e v e r a l  i n t r o d u c t o r y  runs  of t h e  engine i n  
search of t h e  cause of t h e  very dark exhaust ( 70 

Hartridge u n i t s )  a n d  poor performance, i n j e c t o r  
AD-129 was taken out and dismantled.  The i n j e c t o r  
spr inl ;  was broken i n  four  p i e c e s  and s e v e r a l  spray 
ho les  were plugged with carbon. The manufacturer 
af the nozzle,  Stanadyne, suggested that t h e  most 

probable cause o f  t h a t  f a i l u r e  was improper i n s t a l l a -  
tion of t h e  needle  l i f t  ins t rumenta t ion .  The nozzle  
was n o t  r e p a i r a b l e  due t o  long opera t ion  with the 

broken spr ing .  

2 .  Mechanical p o i n t e r s  with p o s i t i v e  locking devices  
f o r  t h e  i n j e c t i o n  t iming and rack 1:nkages were 

fabricated and installed on t h e  Bosch APElB fuel 

~ u m p ,  which e l iminated  s l i g h t  creeping of the  

h y d r a u l i c  con t ro l s .  

3 .  The high pressure fuel l i n c  (Bosch g:~.mp-injector) 
was replaced with one having 0.078 inc inside 
diameter instead of previous one with 0.083 i n .  
inside diameter.  This reduced some minor after- 

i n j e c t i o n .  

4 .  When r n  e f f o r t  was made ta increase t h e  Load of t h e  

engine a t  c r u i s e  power o u t p u t ,  a f t e r - i n j e c t i o n  was 

agaiil encounqkered. After experimenting wi th  four  
d e l i v e r y  valves we found t h a t  the valve (Bosch 

s 2 e c i a l  des iy r  X2708)  with r e t r a c t i o n  volume of 
6 5  m3 eliminated t he  after i n j e c t i o n  and a l l  test 



runs after mid-~pril of 1978 were done with that 
valve. All prior t e s t  runs were done with the 

3 Bosch valve X2615 (50 mrn retraction volume). 

5. After a short period of engine ranning  at cruise 
power output, excessive blowby was observed. 

Teardown of the engine r evea led  that piston AD-131 

was badly scuffed. Teledyne-Continental Motors 

in Mobile, Ala. examined the piston-cylinder assembly, 
and found that t h e  top piston ring had only 0.001 in. 
side clearance instead of the normal clearance of 
0.004 in., and concluded that this was the main 

cause of t h e  piston scuffing. It was also suggested 

that we reduce t h e  upper piston land diameter of 

5.216/5<1'5 inches by about 0.005 inches, due to the 
piston being slightly higher than the original 
GTS10-520 piston and possible higher temperatures at 

the piston top. 

6. The support or retainer of the rocker arm shaft on 

the exhaust valve f a i l e d  f o u r  times. After the 

first failure it is possible t h a t  the Helicoil was 

damaged and t h a t  a l l  subsequent failures occurred 

because of t h e  damaged Helicail t h r e a d  which caused 

l o w  bolt holding force and r e s u l t e d  i n  a h igh  stress 

range in the bolt threads. Teledyne-Continental 

Motors does not have a h i s t o r y  of such failures, and 

it is believed that the fault should not be ascribed 

to the diesel combustion. 



V. COMPUTER SIMULATION OF DIESEL CYCLE 

A sub-task of this study was to develop a simple 
computer s i m u l a t i o n  of the diesel cycle w i t h  t h e  objective 

t h a t  it would a id  i n  c o r r e l a t i n g  t h e  exper imenta l  data and 
could the11 be used t o  extrapolate t o  c o n d i t i o n s  which i n d i c a t e  

improved engine performance. 

Two programs were developed during t h i s  s tudy .  T h e  

first, DIESELA, gives  p red ic ted  engine performance parameters 

IMEP ind ica ted  mean ef fec t ive  pressure, 

ISFC indicated specific f u e l  consumption, 

IEFF indicated thermal e f f i c i e n c y ,  and 

IHP i n d i c a t e d  horsepower 

based on input values for 

A/F a i r - f u e l  r a t i o ,  
CR compression r a t i o ,  

T1 temperature a t  the s t a r t  of cmpxession, 
P1 intake manifold pressure, and 

P6  exhaust pressure. 

A limiting peak pressure of 1200 p s i a  and a compressic ratio 

of 9.62,  which correspond t o  t h e  experimental  test cond i t ions ,  

were used in a11 cases examined. 

A second program, DTESELB, was s t a r t e d  i n  o r d e r  t o  

improve the s imula t ion  of t h e  constant volume and cons tan t  

pressure  combustion processes. It is based on calculated 

equilibrium condi t ions  for t h e  ends of the idea l  cons tan t  

volume and constant pressure combustion processes. The 

o b j e c t i v e  was to calculate t h e  thermodynamic properties a t  

these states r a the r  than rely on t h e  use of average specific 

heats derived from combustion chart d a t a .  



1. Program DIESELA 

This simulation is based on a semi-empirical model which 

starts with t h e  ideal cycle shown i n  Fig. 5 and then a p p l i e s  

semi-empirical factors i n  an attempt t o  br ing t h e  model 

r e s u l t s  i n t o  b e t t e r  agreement wi th  measured engine data. 

D e t a i l s  of t h e  model are as fol lows:  

(a) The temperature a t  t h e  beginning of the compression 

stroke (Tl) i s  assumed t o  be equa l  t o  t h a t  measured in 
the intake manif o ld .  The corresponding pressure (Pl) i s  

talcen to be equal  t o  t h e  i n t a k e  manifold pressure ( P I )  

times the volumetric e f f i c i e n c y .  The i n i t i a l  charge i s  

assumed t o  consist only  of a i r .  

(b) M a ~ s  of t h e  i n i t i a l  charge a t  s t a t e  1 i s  obtained from 

t h e  i d e a l  gas equat ion and the assumed pressure  and 

temperature condi t ions  from (a) above. The volumetr ic  

efficiency equation is taken from Taylor and Taylor 

(vol. 1, p. 157)  . This  e ! ~ u a t i o n  was tested using 

ca lcu la ted  and measured a i r  mass flow rates and the 

r e s u l t i n g  equation shows t h e  in f luence  of engine RPM. 

Attempts t o  f i n d  effects of other parameters on 

volumetr ic  e f f i c i e n c y  showed no c l e a r  c o r r e l a t i o n s .  

Compression (1-2) i s  assumed to fo l low t h e  po ly t rop ic  

process  PVn = cons tan t ,  where the value for the 

po ly t rop ic  exponent was obta ined  from Cont inen ta l  

Motors Report No.  1069, Aug. 1967 .  The r e p o r t  con ta ins  

a p l o t  which correlates data from a l a r g e  number of 

engines and gives va lues  of the po ly t rop ic  exponent as 

a func t ion  of both rnaximthii pressure and compression 

r a t i o .  

(d) H e a t  add i t ion  at cons tan t  volume i s  c a l c u l a t e d  using:  
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An a d i a b t i c  process i s  assumed and Cv (aver) i s  computed 
from combustion chart data for the temperature range T2 

to T3, the value of T3 being dependent  upon t h e  

selected maximum cycle pressure P3. The amount o f  mass 

(M) i s  that of the a i r  charge p l u s  t h e  amount of f u e l  

required t o  reach maximum pressure dur ing  t h e  c o n s t a n t  

volume process .  An iterative process i s  used t o  g e t  

compatible values for T3 and t h i s  f u e l  mass. 

(e) Heat a d d i t i o n  a t  cons tan t  p ressu re  i s  used to determine 
s t a t e  ( 4 )  using: 

where Qp i s  equal to the d i f f e r e n c e  between t h e  

available hea t ing  value of t h e  f u e l  and that released 
during t h e  c o n s t a n t  volunie process, An average value 

for C p  is computed from combustion chart data f o r  

the temperature range T 3  to T 4 ,  us ing  an i t e r a t i v e  

procedure s i m i l a r  t o  t h a t  used i n  (d)  above. 

(f) Expansion (4 -5 )  i s  assumed t o  follow a p o l y t r o p i c  

process having the same exponent used for the 

compression process. 

(g) The remaining processes are: 

(5-6) cons tant  volume expansion t o  the pressure  P6 i n  

t h e  exhaust manifold. 

(---) constant p r e s s u r e  exhaust  process .  
I--- ) c o n s t a n t  pressure i n t a k e  process. 

(h) Indicated work for the ideal cycle is compared w i t h  

t h e  indicated work obtaineii from experimental  b r a k e  and 

f r i c t i o n  work values. The ratio of the two i n d i c a t e d  

wozk q u a n t i t i e s  i s  def ined  a s  t h e  "diagram factor". 



starts at the beginning of the constant volume combustion 

process using results from DIESELA. These include: 

T 2  temperature at the end of compression. 

P2 pressure at the end of compression. 
V2 cylinder volume at the end of compression. 

NA moles of a i r  i n  the f r e s h  mixture. 

The program then computes the state of the combustion 

gases resulting from adiabatic constant volume combustion and 

assumed e q u i l i b r i u m  a t  the l i m i t i n g  peak pressure (P3). The 

f u e l  requi red  for  this process (FV) is ca l cu l t ed  and the 

remaining fuel (F-FV) i s  then  consumed during t h e  constant 

pressure combustion process. Equilibrium at the end of the 

c o n s t a n t  pressure process is also computed. 

The program listing for DIESELB, the corresponding list 

of symbols and a sample output are shown in the appendix B. The 

sample output  gives t h e  following in format ion :  

CR compression ra t io .  
T2 temperature at the end of compression in deg. K. 

A / F  air-fuel r a t i o .  
PMAX limiting maximum pressure, (1200 p s i a )  . 

For the cons tan t  volume process: 

Y(J) moles of s p e c i e  J a t  equilibrium. 

X ( J )  mole fraction of spec ie  J at equ i l ib r ium.  

YTOT total moles of products at state 3. 

FUEL moles of fuel used during t h e  c o n s t a n t  volume 

combustion process. 

Fox the constant pressure process: 

Y(J) moles of specie J at equilibrium. 

X ( J )  mole fraction of specie J a t  equilibrium. 

YTOT t o t a l  moles of pxodusts at state 4, 



Diagram fac to r s  f o r  for ty-e ight  engine r u n s  were 

obtained and correlations with various opera t ing  

v a r i a b l e s  were tried. Only mixture r a t i o  was found t o  
show a reasonable c o r r e l a t i o n .  

(i) Appl ica t ion  of t he  diagram factor  t o  t h e  ideal cycle 

c a l c u l a t i o n s  g ives  predicted performance of t h e  engine 

under various opera t ing  cond i t ions .  

The program l i s t i n g  of DIESELA is  given i n  t h e  Appendix 

tagether with a l i s t i n g  of the  nomenclature. The  sample 

output ,  shown i n  Table TV, g ives  values f o r  the following 

input  engine condi t ions :  

Pmax T1 

RF'M P1 

A/F P6 

CR 

Computed values l i s t e d  are: 

DF 

IMEP 

ISFC 

IEFF 

IHP 

Deg F. 

r a t i o  of mass of f u e l  used dur ing  constant 

volume t o  the total mass of f u e l  per cycle. 

diagram factor = (calc IHP/wrper IHP). 

i nd ica ted  mean e f fec t ive  pressure. 

i nd ica ted  specific f u e l  consumption. 

ind ica ted  thermal efficiency. 

indicated horsepower. 

2, Program DIESELB 

T h i s  program a t tempts  t o  improve the cycle s imula t ion  of 

t h e  constant volume and cons tan t  p r e s s u r e  combustion processes  

by eliminating the  need for combustion c h a r t  data. The program 



VOL gas volume at state 4. 

T4 temperature at state 4 in deg K .  

PRESS pressure at state 4 in atmospheres. 

Some addit ional  work would be required t o  incorporate 

t h i s  program in the DIESELA simulation. 

Computer  Study Results 

Results showing calculated versus  measured ISFC are 

given in F i g .  6 and similar results for IHP are given i n  F i g .  

7 .  Forty-eight test runs, taken at the  end of the  test 

program, were used i n  t h i s  c o m p a r i s a n .  Measured values are 
given in Table 1x1 while  the corresponding computer r e s u l t s  
are shown in Table IV. The ranges of engine parameters covered 

in these test runs are: 

CR 9.62 (Fixed) 

R P M  2405  - 3 0 0 7  

A/F 1 9 . 1 5  - 32.90 
T1 142 - 286 F 

P I  5 9 . 4  - 7 9 . 4  " H g .  

P 6  4 4 . 4  - 4 9 . 4  "Hg. 
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Fig. 6 - Calculated versus Measured Ind ica ted  
S p e c i f i c  Fuel Consumption 

Fig. 7 - Calculated versus Measured 
Indica ted  Horsepower 
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Table 3 - Measured Engine Performance 

RUN RPM A/F T1 P1 P6 I l E P  I S F C  VE IHP 
I69 260b 26.32 204 69.60 40.60 17be3 0,363 0,957 50.24 
170 2600 26,38 284 69.60 48.60 17bD5 0,363 0.958 50.16 
171 2600 27,74 252 69,bQ 40.60 178.0 0,359 0,961 50.60 
172 2600 27,02 252 b9,60 48.60 177.8 0,350 0.962 50.53 
I73 2596 29,27 225 64.60 48.60 179.4 0.356 0,976 50.92 
174 2598 29.33 226 69mh0 48.60 179, I 0.356 0,977 Sou87 
175 2601 30.74 195 69.60 40,bO 178.6 0,354 0.970 50.79 
176 2b02 30,59 195 69.60 48.60 180.1 0.353 0.370 51,24 
177 2606 31.74 165 69.60 48.60 181,6 0,349 0,757 51.73 
170 2605 31,77 164 b9.60 48,60 101,b 0,340 0.956 51.72 
179 2590 32.90 142 69,60 40.60 101.5 0.350 0,959 51,Sb 
180 2598 32.90 142 6?,60 48.60 181,5 0,350 0.959 51.56 
I90 2608 31.50 164 69.20 49.20 181,5 0.351 0,959 51.76 
191 2604 31.73 164 67,20 49.20 181.0 0,350 0,960 51.51 
192 2808 32,5? 165 69.20 49.20 172.0 0.348 0.935 52.80 
193 2804 32,09 162 69.20 49.20 172,l 0,345 0,331 52.76 
174 2405 30.92 165 6'7.20 41,20 108.5 0,351 0,900 49.57 
195 2409 30.9b 165 69.20 49,20 109, 1 0.351 0,984 49.80 
196 2610 21.96 I66 69.30 49.30 221.2 0,909 0.952 63.12 
197 2607 22.02 166 67.30 49.30 221.1 0.409 0,953 63.00 
198 2809 24.80 166 69.30 49.30 202.7 0.384 0,924 62.31 
199 2811 24.67 lub 69,30 49.30 203.1 0.383 0.919 62,41 
200 3005 25.37 165 69.30 49.30 191.8 0.380 0.885 63.02 
201 3007 21.98 I65 b9.30 49.30 191.7 0.386 0.2983 63'00 
200 3005 25.39 I65 69.40 49.40 191.5 0.381 0.885 62.91 
201 3007 25.03 165 h9,40 49.40 191.7 0,386 0.883 63.00 
202 2010 25-37 165 69.40 49.40 197.4 0.380 0.909 60.65 
203 2805 25.52 165 68.40 49,10 197.8 0,378 0.910 60.65 
204 2599 25.45 166 67.40 49.40 209.0 0,374 0.952 59.39 
205 2b03 25.28 166 69.40 49.40 208.7 0.374 0,944 59.39 
206 2601 27.94 166 79.40 47.98 211.7 0,375 0,720 60.18 
207 2hO1 27.95 166 79,40 47.90 211.7 0.375 0.927 60.19 
208 2602 23,72 1b6 69.40 44,40 211,2 0.393 0,742 60.09 
209 2605 23.78 I65 69040 14-40 211.6 0.391 0.939 60.27 
210 2599 19.15 166 59.40 44.40 211.3 0,414 0.936 60,05 
211 2601 19.18 166 59.40 44,40 211.0 0.414 0.935 60.01 
212 2405 26.71 165 U0.50 49.50 225.7 0,389 0,920 59.35 
213 2412 26.72 165 80.50 49.50 22L3 0,387 0.917 59.68 
214 2605 23.27 165 67.50 44.50 211.9 0,372 0,950 60.36 
215 2610 23.24 161 67.50 44.50 211.8 0.392 0.947 60,44 
216 2598 22.85 I15 69,00 44.50 210.1 0.394 0,953 59.67 
217 2602 22.85 195 69.00 44.50 210.0 0.394 0.951 59,75 
218 2600 23,fP 221 72.00 41.50 210,5 0.373 0.767 59.04 
219 2603 23,17 224 72.00 44.50 210.3 0.393 0.965 59.87 
220 2600 23.35 255 75.20 44.50 211.6 0.390 0.972 60.15 
221 2603 23.37 255 75.20 44.50 211.5 0.390 0.772 60.19 
222 2602 23.43 286 78.40 44.50 212.2 0,390 0.970 60.3b 
223 2603 23.49 285 78.40 44.50 212.4 0.388 0.976 60.44 
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Table 4 - Calculated Engine Performance 

P3= 1200 
RUN RPn AIF CR T i  15 P1 P6 HVtHF OF lHEP ISFC JEFF IHP  



VI . Conclusions 

1, ~ e f  inite c o n c l u s i ~ n s  concerning the relative 
merits of t h e  diesel c y c l e  w i t h  low compression 
ratio and heated air for aircraft applications 
cannot be drawn front this work. 

2.  Improvement i n  t h e  a i r  u t i l i z a k i o n  of the 

experimental diesel cy l inder  must be accomplished 

be for^ the merits of the diesel cycle can be 

evaluated in comparison with the present Otto 

cycle aircz'af t engines. 

3 .  The computer programs developed give results which 

are in c;lenzrsl agreement with the expe r imen ta l  
rel1,1ts. The computer values of indicated specific 

fuel consumption are somewhat better than t h e  

computer values of ind ica ted  horsepower, the latter 
being high by about s i x  percent. 
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ORtdtNAl. PAQE IS 
730 H~*UlflPii/bb000 OF POOR QUALll'Y 
740 SFC4FIRPNt 30/11P 
150 EFFn#I (P17,78) 
770 LPRINTUSIHG~III 1111 II,II v,td all rr+a rl,rm II,II LIY 1,111 111,~ 1,111 11~11 
I## l l ' ~ ~ Y I R P N , l F I C R I T I ~ k b O l  T5~~d01Pff70~72~1lPb/7O~7264INV~YF~OFl~EPlSFClEFFIHP 
780 tiS'fOb0 
790 END 
800 DATA i b 9 ~ 2 b O b 1 2 8 1 1 6 9 ~ b 1 4 8 ~ b ~ Z b ~ 3 2  
810 D I T h  170,2bO0,2E4~69~b~4B~612b~30 
820 DATA 17112b00t2521b9~&1 401 b127q 74 
030 DATA 1721 ZbOOt 252tb?.h1 108 b147*B? 
810 DATA 173125?b~225169~6j18~b129~" 
050 DATA 17412598t22b169m6140*6129133 
0bO DnTA 17512b01~19Stb9ub,kDaL130~74 
870 D n M  1 7b12b021 195,b9~bl4B~bI30~S? 
800 DhTb 1 7 7 , 2 b 0 b ~ l b 5 1 b 9 ~ b ~ 1 8 ~ b ~ 3 1 , 7 4  
890 OAT4 17812b051 ib4,69mb,40~b131+77 
900 b a t h  179,25?~,i42169,6,k0wb132Q90 
910 DnTR 18012S9Bl 1421b9*6t4Dwb132+P0 
920 DATA 1?Q12b0811&ktb?~2~49~213~~50 
950 DATA 101,260k1 161tbP~Z140~213tQ7S 
940 D R T I  IP2,280811b51b?~211P,2132~S9 
350 MTh t931Z~041fb21&9.2,19.21~P189 
960 DlTl 19kI240Sl t6s1 b9mZ1 k9w2+30b?2 
970 DATn 195, 2 W 1  165,b9,2t 49#2,30,9b 
960 PhTA 1Pbl2btO1 1bblbPv314?~3121~?b 
990 DLTR 1V712b071 tbbtb?Q3t49#3,2210? 
1000 DflTh 1Vit2809, f&blbP*hl 4Pa3124nB0 
1010 DhTh 1Y?12f111ti661b9*31~9~S12k*b7 
f 020 DhTA 20013Q051 1651h?e 5, 49,3123.37 
1030 DRTn 2011S0071 165,h9n3,49Q3124.9~ 
1010 DbTb 200tS00511bSlb9.4,49~4125139 
1050 DATA 20113007, 1h5,bP,11 4PI 4,25.03 
10b0 DATA 202,2B1011651b9~4,k9#4125~J9 
1070 D1Td 203,2fl05, 1b5, b914, 49w11 25#5Z 
lOBO D I T b  20412S9Pt 166,b9#4149s41251 45 
1090 OAT4 205,260511bb~b?~414P~4125~2D 
1100 DRTd 20b,2b011 1bb179. 1147e9127*Ok 
l l  tO D b T l  20712b011 t6bj70, 1,47#9127195 
it20 D A T l  20b12b02, 166, b9141 4 4 1  !123u72 
It30 DATA 20912b05, tb5,bPQl1441k123,70 
1140 PRTA 21O12S9Pl lb&,59e4t11#41 1?*!5 
1150 DATA 21i1260i,lb6,S?w4t44u4~19#1B 
IlbO DATA 212,240511b5180*5149~S12b~71 
1170 DATR 213,2412, 165t80.514?~S,2&a72 
1180 ORTR 214t2605, 16S1b7.S1 44#5,2327 
1190 DATA 215126101 1b41h7.51 41*5,23#24 
1200 IRTh 216,2598,19!i1 b9.0, 44,S122185 
1210 D R f l  217,2b02, 1?!iIb9rO1 41tS122vQ5 
1220 DATR 218126Q0,22~,72~014k~S~2f~ I9 
1230 DATh 219126031224,72~0114#5,23,17 
1240 D h r l  220,2b00t255t75m2144.5,2J~35 
1250 DLTR 221 t2b05,255175+21 44*5,23*37 
1260 DATR 222,2b02128b,70,4144~5,23~43 
1210 D I T R  22S1260J, 28!i,78, 4144.S,23*49 
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AF 
A 1  
CP 
CR 
cv 
DF 
EFF 
ER(X1 
E i  
F A  
F R ( 1 )  
HP 
M 
MA 
MEP 
MF 
MP 
MV 
P I  
PX 
PI -P6 
a 
G!P 
av 
K 
RN 
RPM 
SFC 
TI-T6 
T 4 ( I : )  
VE 
V 1 - V 5  
W 
W 1 - W 5  
X 
X 1 , X 2  

A / F  .RATICI 
A / F  RATICI 
CONSTANT PRESSURE SPECIF HEAT 
CDMPRESSION R3'30 
CONSTANT VOLUME SPECIF HEhT 
DIAGRAM FACTOR 
INDICATED EFFICIENCY 
ERROR TERM 
USED TO GET VOLUMETRIC EFFICIENCY 
F / A  R A T I O  
FUEL FRACTION 
INDICATED HORSEPOWER 
TOTAL MASS 
MOSS OF AIR 
INDICATED MEAN EFFECTIVE PRESSURE 
MASS O F  FUEL 
MASS O F  FUEL FOR CONSTANT PRESSURE PRCICESS 
MASS O F  FUEL FOR CONSTANT VOLUME PROCESS 
INTAKE PRESSURE 
PRESSURE TERM I N  EXFONENT EQUATION 
PRESSURES 
TOTAL HEAT O F  COMBUSTION 
G! USED DURING CCINSTfiNT PRESSURE PROCESS 
B USED DURING CCINSTONT VOLUME PROCESS 
GAS CONSTANT 
RUN NUMBER 
REVCILUTXUNS PER MINUTE 
INDICATED SPECIFIC FUEL CONSUMPTION 
TEMFERATURES 
ESTIMATES FOR T4 
VOLUMETRIC EFFICIENCY 
VrJLUMES 
WORP. SUM 
PROCESS WORE i2UANTITfES 
POLYTRDPIC EXPDNENT 
TERMS I N  POLYTROPIC EXPONENT EBUATLON 



I0 "DIESELB" 
20 'FUEL=C12H26 of?!GlNkL PAGE $9 
30 'FI=TOTfll NILES FUEL:L=TOTIL UNITS AIR OF: POOR Q U A L ~ ~  
40 'F=HOlES FUEL FUR COMST VOl:V=TDC VOL 
50 'T2=TEtlP A1 END OF CO?iP:P3=1200PSI1 
60 DEFINT I,J,K,fl, 1 
70 DIN1~1S,lb)lBI1511blIXtI6lIY~t5),SS(~4,4)lD~1b)tYRll5) 
80 D l 1 1  (141~12(i4)1NEIt41,HF114),CV(14~IUR~~4~~HR~14) 
90 DIHHIIS! ,H1~14I~H2tl4),H3~II~~H4IIk),HSI~41 lUl151 
I00 DlHC t14)lC1 1~411C2114)~C3114)lC4(141,C5(lk),S~~151 
110 D l ~ S ( 1 4 ~ ~ S 1 ( 1 ~ ~ ~ S 2 ~ 1 4 ~ ~ S 3 I 1 4 ) I S 4 I 1 4 ~ I S 5 ~ ~ k ~ ~ Q ~ 9 l ~ Q O ~ ~ ~  
120 IN=lb:~=15:X(1b)=O:DIfb~=Q:1=.01727:HF=-84~2 
121 LC=2.302505~R=1,3872b:RB=. 082055 
125 INPUTPCR, T H E 6  KII/F,PHAX-PS14';CR,T2111FIPH 
126 V=lfCR:P3=PHIl4,69b:FT=13BtRI I1701LF) 
130 'READ PRODUCTS 
140 RESTORE:FORJ=lTOlS:RELI)S$ IS) :HEIT 
150 'READ NUHBER OF ATOHS OF C,H,N,O IN ElCH SPECIE 
160 FORJ=iTDl4:FORS=1TOk:1EIDSS I J ,  I )  :HEXTI IHEXTJ 
170 'READ COEFF FOR EQUIL EQNS 
110 FORI=lT09:FORJ=~T014:RERDIf I, Jj :NEXTJ:HEXTI 
170 'READ CIlHST FOR EQUIL CONST EQH 
200 FORJ=lTIH4:IER~tl [J),LZ(J) :HEXT 
210 'READ T HERtlO-CHEH OflTft: H=E#THBLPY, C=SPEC HEAT, S=EMTlOPY 
220 FORJ=ITO14 
230 REIDNE(J)IHF(J)lH1fJl,H2tJ),H3tJ),H41J),H5(J) 
210 RERDC1(J),C2(Jl,C31J)TC4(J~ ,C5IJ) 
250 REIDS1(J~,S21J),S3~J),S4~JllS5tJ):NEXT 
ZbO 'PROCESS: IF K=O V=CUNST,K=I P=CONST 
280 T3=1200: T4=2f 00:F=1,22E-4 
290 K=O:T=T2: 2=0 
300 'INITIALIZE NO ROLES OF REACT FOR V-EUNST 
310 YR(I)=O:YR~2)=O:YRI31=O:YRI4~=3.7btR:YRIS)=O:YR(6)=0 
320 YR(7~=0:YR~8)=0:YR(9)=A:YR~10)=0:YR~f1~=0:T~112~=0 
330 Vn(13)=O:YRII4)=0 
340 ,,LAD NO HOLES OF PROD FOR FIRST ITERATION 
350 FORJ=lTO14:RELDY IJI :NEXT 
360 '1NTERRIIL ENERGY OR EHTHdLPY OF REACT 
370 UR=O:HR=O:YR t 1 O)=O 
310 FDRJ=ITO14 
390 HR(J)=100tNE(J)+HF[J)tHl(J)+H2IJ) tT+H3IJ)tTC2 
400 HR(J)=HRtJ)tH4(J)tSI:JtH5IJI t T t 4  
410 IFK=lTHEN430 
420 UR~J)=HR~J~-RtT/1000:UR=UR+YR(J)lUR~Jl:6~~0440 
430 HR=HR+YR [J)1HR1J) 
440 NEXTJ 
450 HR=HRtFS (HF+2500) 
460 IFK=OTHEHT=T3:Y (15) =T3:O[IT0500: ELSET=T4:Y (15)=T4 
170 'REIID NO RULES OF PRUI) FIln FIRST ITER FOR P=CONST 
4130 FDRf =lTO14:REBDY I11 :NEXT 
190 'TI)TAL NO VOLES OF CIH,NIO IIF REACT 
500 YC=O:YH=O: YN=D: YD=O 
510 FORJ=1TOI4:YC=YC+SS(JI1~SYR(J~:YH=YH+SS(J,2)1VR(J~ 
520 YN=YMSS(J,3ltYR~Jl:YD=YO+SS(J,4IlYR(J):NEI(T 
530 YC=YC+f 24F: YH=YH+2btF 
340 'TOTAL-NO ROLES OF C,H,NIO DF PROD 
550 C=O:H=O:N=O:O=O:Y (lOl=O:YP=O 
560 FORJ=l Talk 
570 C=CtS3(J,l)tYIJ):H=HtSSIJ,2)tYIJ):W=N+SS(J,3~tY(J) 
5BO O=O+SStJ14)tYIJl:YP=YPiYIJ):NEXT 
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1190 CP+CPtY I J I  t C ( d 1  
1200 NEXTJ 
1210 IFK~lTHEN1210 
1220 4 115,15)=CVLT/ 10001 D(I5)=LOGIUPIURI ILC 
1230 8115, i b )~ -UPID( lS )  :EOT01270 
1240 A~15,15)=CPIT11000;D(151=LOd~HP/HRI /LC 
1250 11(15,ib)=-HP1D(1S) 
1260 'ERflOR COHSTANf FOR EQUIL EPH 
1270 FORI=lT09 
l2BO Q(Il=LI)6(Y(I))-SS(Il 1) LLD6(Y ~14)l-SS(I12)tL06(Ylii)l 
1290 RtI)=E(I)-5S1113)1L0G~Y(12))~SS(1141LLOGIYI~3~~ 
1300 P(Il=P(Il+l1-SS(IIII-SS(It2)-S5(Ir4I-SSI t lO6lRBlTlVl  
1310 P O ( I l = L l ( I l - L 2 ( I l / T  
1320 P O ~ I l ~ 8 0 ( 1 1 - S 5 ( 1 , 1 I t ( L 1 ~ 1 k I - L 2 ~ 1 ~ l / T I ~ S S 2  t ( L I ( l l J - L 2 ~ 1 1 l / T I  
1330 PO~I~~~O(Il-SS~1t311~Ll(121-L2(12)/TI-SS1141 t ( L1 (13 l -L2~15 l /T l  
1340 DII)~P(IlILC-QOII):fltI,lbl=-D(1hNEXT 
1350 EP=O:EP=O 
1360 FORI=lTO 3:EP=EQ+ABS(D( I) I #NEXT 
1370 FORI=4TOlS:EP~EP+BBS(D(IlI:NEYT 
1380 lFK=OTHEU1400 
1390 EP=EP+EO 
1100 PRINTEP,T 
1410 IFEP( .000StHEN1750 
1420 A ~ 1 0 ~ 1 $ ~ ~ 0 t A ( 1 1 ~ 1 5 1 = D ~ A ~ l Z 1 1 ~ ~ ~ O ~ R ~ 1 3 f i 9 ~ ~ ~  
f 430 ' MfiTRTX SOLUTION 
1440 FORI=1~0H:!III=O:FORJ=1TO1N:B(ll J)=O:flEXTJ:NEXTl 
1450 FORI=1TOH:8(Illl=IlI,1):HEXT 
1460 FORJ=2TOIN:B(1,Jl=~(lIJ~IR(it1)~HEXT 
1470 FORIC=?TOl: J=IC 
1480 FORI=JTON:SUH=O: JI=J-1 
14PO fORIK=lTOJI:SUfl=SU!tB(I, IK) tB(IK,JI:NEXTIK 
1500 B(I,J)=B(I,J)-SUH:NEXTI 
1510 I=J: li=Itl 
1520 FORJ=I lTOIN:SUH=O: J 1 = M  
1530 FORIK=lTOJlrSUH=SUHtB(I, lK)tB(IK,JI:NEXTIK 
1540 B(1,J!=(fltI1J)-SUN)/B(IIfI:HEXIJ:HEXTIC 
1550 IFZ(3THENL=,OhELSEL=.l 
1560 X (H)=BtH, IHI t IFXIHI )LLETl (H)=L 
1570 IFX(H) (-LLETX (HI=-L 
1580 YtH)=Y(fi) t lOtX(Hl:  IFY(iil{POOLETY (H)=900 
1590 IFY (HI )3500LETY (HI=S500 
1600 1-Y (HI 
1610 FORIL=2TCtl: 14-ILtN:SUM=O: I l = I + l  
1620 FORIK=I lTilH:SUH=SUH,B(I, I K l  $1 (IK) I HEXTIK 
1630 #(ll=B(I,l~l-SUl:IFX(I)~3bLETI~I)=3I 
1635 IF X I I (-3ILETX ( I  )=-XI 
1640 Y~I)=YII~tlOfX~f~:IFY(II~lE-38LE'IY~Il=1E-58 
1bSO IFY (11 )3.7biALETY III=3,76tR 
lbb0 HEXTIL 
1670 Z=Z+l: IFK=lTHEN1690 
1680 F=FtlOiX (10) : IFF(FT/SOLETF=FT/50 
1685 IFF)FTLETF=FT 
1687 6DTOS50 
1610 V=Vt101X(lOI: IFV(I/CRLETV=IIER 
I700 IFV>lLETV=l 
1710 60TtI550 
1750 YP=O:XP=O 
17b0 FORJ=lTOl4:YP=YP+Y IJ)  :NEXT 
1770 FORJ=~T~~~:X(J~=Y~J)/YP:XP=XP+X(J)INEXT 
1780 IFK-lTHEH197O 



1785 IPRINTpCR=~ICR,'T2=';T2,'11F=';RFIaPnhX='~PM 
1790 LPRINT'CONSTINT VOLUIE PROCESS' OFIIG!NAL PAGE 18 
leoo LPRINT~INPUT~NO n o w  OF FUEL='~FT 
1dlO LPRlNT TAB(6)'HO tlOlES OF llIR='iI14.76 

OF POQR QUALITY 

1420 lPRINT TI\B (6) 'PEAK PRESS P3 =']PI 'AT!' 
10JO LPRINT ThB (61 'TEflPERflTURE T2=';TZ 
1840 LPRINT'Y=NO OF HOLES OF PRUPUCTS' 
10SO LPRlWT'X=HDLE FRACTION OF PAODUTS' 
1660 FUR J=lTO14 
1810 LPRlNT * Y  ('~S~IJl;@l=';Y(J);TA0(21)'X(';S$(Jl im l= ' ; l ( JJ  
1880 NEXTJ 
1870 IPRINT'YTOT="; YP; T I0  (21 1 "VULUNZ=';V 
1900 LPRIWT'TEHP T3='jT;TlB I21 )"UR=@;Ufl 
1910 LPRIWT'flEL=';F; TAB(Zl)'UP='tUP 
1920 LPRINT'PRESSURE=';P;TR~(~~)' ITERRT~~~N='II  
1730 LPRINT'TOThL ERROR-~EPrLPRINO' ':LPR1HTu ' 
1940 'INITIRLIZE NO f0LE OF REhCTLMT FOR P=CONST PRIICESS 
1950 FiIRJ=lTOfltYR(Jl=Y IJ):HEXT 
1960 F=FT-F:K=I: t=O:V=, 18:6OT0370 
1970 LPRINT'COHSTINT PRESSURE PROCESSL 
1980 FORJ=lTOI4 
1990 LPRINT'Y(';S$IJ)I'~=~;Y lJ~~TAB(21~'X~';S~~J);')=a;~(J) 
2000 NEXTJ 
2010 LPRINT'YTOT="YP;ThBI211 *VtlLVHE=';V 
2020 LPRINT'TEIP TI='; T; TAB I21 1 'HR=';HR 
2030 LPRINT'FUEL=';F; TAB(21) 'HP=';HP 
2040 LPRINT'PRESSURE =';P;TRB(21 )'ITERLTIflN='; Z 
2050 LPRINTmT0T6L ERROR=';EP 
2055 60T0125 
2070 DATA C02~COtCH4tN21NOlH201H21UHtD21F~HtN101C11 
2080 DATA 1,O1OtZ1 l,OIOt 1~1~4~O~O~0t0,210t01011,110~210,1 
2090 DATA 0,210t0~01f~0~1t0t0tOt2~O~OfOIOt011~OIO~O10tlt0 
2100 BRTR 0,0,0,1,1,0,0,0 
2110 DATA 110,010t010,01010,01010,-2t-1 
2120 DATB 0, l,OIOtO1O,OtOtO1OIOIOI~il~l 
2130 DATA 0,01 l1010~0t010t0~0~~41010t~1 
2140 DATd O1010,110,010,0,0,0t01-210,0 
2150 DBTA OtOlO1O,llO1O~O,OlO,OI-II~ltO 
ZlbO DATA 0t010,0t0~1~0t0t0t01~2tOI~110 
2170 DRTA 010,0~0t01Dt1,0,0,0t-2101010 
2180 DFLTB O t O I O l O t O , O t O 1 l l O ~ O l - l t O 1 ~ l ~ O  
2190 DATA D,0t0t0,0,0101D,1,0,0101-2,~ 
2200 DATh -.02959971-20f64.8,4.291BI-b345Ibt-SI8O28t-4l9O.4 
2210 DATA 010,.1574t4711.2,-3.04hbt-131b0,0,.70h~t10E6~4 
2220 DATA 0,0,0,013.1626,11B96,0131S14,25116 
2230 DLTA 31S03,13356,8a1b22,372Bl.6 
2240 DATA 2f-94.054,-4,049341 IO10b40?,l, 66406E-6, -2.Y7619E-1O12.12058E-14 
2250 DATA 8.65961,h. h2203E-3,~2L80545E-b, 5.50571 E - 0  -4.04973E-14 
2260 DATL 47.3063, ,0224858,-6.43573E-b, 1 ,Qh715E-9 -7.18642E-1 k 
2270 D l T l  1.51-26~4~7,-2.21792t6~h5?4SE-3,E.8?5E-7, -1*60L17E-10,1. 14865E-14 
2280 DLTA 5.01533,3~20923E-31-1.3284bE-b12m55913E~i0, -1.85551E-11 
2290 DBTI 45.6149,. 0138051, -4,0091 4E-6, 6,7010bE-10 -4.535h9E-14 
2300 DRTA 3,-17*895,-4. 12819,7.85264E-316m~14417E-b, -1. 134b5E-917,77517E-14 
2310 OATA 2.29280,.02220021-8~8442BE-61 1 .b413EE-9, -l.l404SE-13 
2320 URTA 3 7,5038, .02b0012,-h.04799E-61 9.545bSE-10, -5.10365E-14 
2330 DATA 1 ,0f-2.0E601,6.39974E-319~7B717E-7,-1,7702E-10, 1*26646E-14 
2340 DATA S,b1035,3. 41765E-3, -1 .34683E-6, 215b255E-Ot -1,84078E-14 
2350 DATA 44.0463,. 0139517, -4. Ibfib5E-bI7. I843ZE-10, -5.00693E-14 
2360 DRTA 1,21.58,-2.3971,f. 10077E-3,7,27619E-7, -1.29337E-1O19.13029E-15 
2370 DATA 6.2401 , 2.87745E-3,-1 ,209b5E-6,2. 35588E-1 0 ,  -1.72297E-14 
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2380 DATA 4Ba5041 ~0144177,~4o30522E~6~7a3519IE-lol -5a06584E-14 
2390 DlTA 1a5,-S7a77E1-1 a74099~5a61898E-3,2a&t9hF~ -40 i b13flE-10,2165073E~14 
2400 OATB 5a21619t6a19274E~3t-f.798blE~6~2a52241€-10 -1*5b951E-i4 
2410 Dl14 43.2465, 0156744,m30 B9475E-61&108863E-10, -40 00555E-14 
2420 DCLTA i lO,- l  a39bb7,5o43f2E-f la04227E-6#-1 a41029E-iO, 9m13029E-15 
2450 DATA 6 ,  002441 1.11809E-3, 7,64342E-E,-7a 15413E-1 l t  8a32035E-15 
2440 DATA 30a5792, ~011?120~-3~29II5E~6~5a40002F:~lO -3a71fOZEw14 
2450 DATA 1,0,33,-1 0S7162, 50 bq288E-3, la01526E-6, -1~4154SE-l0,8~83577E-15 
2460 DATII 5*72b4711 m99422E"3,-4a27002E-715r 39192E-ill 0 
2470 DlTA 43 a097bl a01235781-3m471 17E-b1517P225E-10 -3a94hb4E-i 4 
2480 DdTA 1,01-2a 6098717a6E4STE~3,3184?13E*7,~1a21981E-ll~ -8a83577E-16 
2490 DRll  70 129221 1.62729E-3,-50 17009E-791 a09964E-0 -9aS7200E~15 
2500 DATA 47# 1106, 10148b3fl~-40517125617~94175E-10, -5.59598E-14 
2510 DATO 0,O1O10,0,0,0 
2520 DRTA OIO10,O10 
2530 DATA 0, 010,0,0 
2540 DATA ,5,52,102,-1 ~4810B14~?6807E~31~l121905E-ll10~Q 
2550 DITL 4.968,01 O,Ot 0 
25b0 DRTA 2baG5231 9a23922E-3,-2.97q9flE-bl 5a3166E-10 -3m7b993E-14 
2570 DATA .5, f 12.9551-1.45182,41B9058E-3,7.43347E-, -3.08721E-11,4.71241E-15 
25E0 IlhTI\ 4,8b307T2. lb256E-4,-1.453Q3E-7,JI502O4E-II, -1,593fiZE-I5 
2590 DATA 3509S831 9.00062E-3, -2,87709E-6, so 03335E-0 -3.1754E-14 
2600 DdTA *5159mS591-1* 47692,5aO6465E-3,-1. 23555E-6 6a02427E-1212m94526E-Ib 
2610 DhTh 5103035,-1. b4497E-51-2a91153E-BI 1 0 4 0 0 6 9 E 1  -1a25173E-15 
2620 DATTI 37~991?18~994~3E-31-2a81594E-b,4a8BO05E-i0, -3a35759E-14 
2630 DATR 1, 1760 806, -1.528B9,Sa 1 110bE-31 -1.32952E-7, 4.51027E-11,-3.38704E-15 
2640 OAT4 5.07745, -2.2207E-4,9, 69728E-0,-1. 15443E-2 -1.32537E-15 
2650 DATA 37.1 9.00799E-3, -2. E5043E-b15.O4278E- -3.53431E14 
2660 UTITfI 1.5E-317a5E-12, 1E-38, .06S1 11 7E-5,1 ,bE-3,4oBE-12 
2170 DATA 3.bE-8, .015,0, 1.2E-14,3.OE-20,9,OE-ll,lE-30 
2600 DlTA b.bE-3,7*3€-6, 1.OE-2Z1 .0bSI5*5E-4,7a lE-3, la7E-A 
2690 DATA 6.9E-5,b19E-3,0~1~3E-793~0E-11,3.7E-brfl~E-23 
2700 END 



DIESELB NOMENCLQTURE 

L 
LC 
L1 -L2(1) 
M 
N 
NE ( 3 )  
0 
P,P3 
B(I) 
G!D 
QO(1) 
Rll RE 
S ( J )  
SF' 
SS(1,J) 
Sl-S5IJl 
S$ (J) 
T, T2-T4 
U I J )  
UF 
UP 
UR 
UR ( 3 )  
C' 
X ( f )  
XP 
Y (J) 
YC, YH 
YN, YO 

TOTAL UNITS OF tdIR (02+5.76 NZI 
MATRIX ELEMENTS 
A I R  FUEL R R T I O  
MATRIX ELEMENTS 
C-ATOMS I N  PRODUCTS 

ORIGINAL PAGE 1g 

SPECIFIC HEAT O F  PHDDUCT J 
OF POOR QUALITY 

SPECIFIC HEAT OF PRODUCTS 
COMPRESSION RRTIO 
SPECIFIC HEAT O F  PRODUCTS 
S X C I F  HEAT DF SPECIE J 
SPEC HEAT EQUATION CONSTANTS 
DIFFERENCE FACTOR 
ERROR PGRAMETEK 
ERROR PI~RAMETER 
MOLES FUEL FOR CONSTANT VOLUME PROCESS 
TOTAL MOLES CF FUEL 
H-ATOMS I N  PRODUCTS 
ENTHALPY OF PRODUCT J 
ENTHALPY OF COMBUSTION 
ENTHALPY O F  FORMATION O F  SPECIE J 
ENTHALPY OF PRODUCTS 
ENTHALPY OF REACTONTS 
ENTHALPY O F  REACTANT J 
ENTHALPY EG!UATION CONSTRNTS 
INTEGERS 
INTEGERS 
INTEGERS 
ERROR L I M I T  
L.nG CONVERSION CONSTANT 
EBUILIERIUM EBURTXON CONSTANTS 
INTEGER 
N-ATOMS I N  PRODUCTS 
MOLES O F  ELEMENTS I N  SPECIE J 
0-ATOMS I N  PRODUCTS 
PRESSURE 
CALCULATED EQUIL  CONSTANT FOR FORMATION OF I 
RbT/ IOOr.5 
EBUXLIBRSUM CaNSTANT FROM JANAF TABLES 
GAS CONSTANTS 
ENTROPY OF FRaDUCT J 
ENTROPY OF PRQDUCTS 
NUMBER O F  ATOMS O F  TYPE I IN SFECIE 3 
ENTROPY EGUATION CDNSTANTS 
SPECIE SYMBOL 
TEMPERATURES 
INTERNAL ENERGY OF SPECIE J 
INTERl'rAL ENERGY O F  FUEL 
INTERNAL ENERGY O F  PRODUCTS 
INTERNAL ENERGY O F  REACTANTS 
INTERNAL ENERGY ClF REACTANT J 
TOP DEAD CENTER VOLUME 
MATRIX SOLUTIONS 
TOTAL MOLE FRACTION O F  PRODUCTS 
MOLES O F  PRODUCT J 
C- AND H- ATOMS I N  REACTANTS 
N- AND U- ATOMS IN REACTANTS 



Y P  TOTAL MOLES O F  PRODUCTS 
Y R ( I )  MOLES OF REACTANT 1 
Z NUMBER GF ITERATIONS 

ORIGI~UAL PAGE 1s 
OF WOR QUAW 



CR= 10 T2= 777 A/F= 24 
CONSTANT VOLUME PRDCESS 
INPUT: NO MOLES OF FUEL* 5.84132E-134 

NO MOLES O F  AIR= -0822052 
PEAK PRESS P3 = 81.6549 ATR 
TEMPERATURE 72= 777 

Y=NO OF MOLES OF PRODUCTS 
X=MOLE FRACTION OF PRODUTS 
Y ( C 0 2 ) =  1.46337E-03 X ( C 0 2 ) =  .0176514 
Y (Ct l )=  7.51498E-12 X ( G O ) =  9.05444E-11 
Y (CH4)= IE-38 X (CH4) = 2.204E15E-57 
Y (NZ) = "0649267 X(N2)= .782271 
Y ( N Q ) =  1.66875E-05 X ~ N D ) = 2 . 0 5 0 6 € - 0 4  
Y (HZO)= .0015853 X (H20) = .U191005 
Y(H21= 4.77274E-12 X(HZ)= 5.7504SE-3.1 
Y (OH) = 3.63892E-08 X (OH) = 4.38437E-07 
Y (02) = .015(3056 Xi02)= ,180796' 
Y ( F ) =  0 X(F)= O 
Y (H>=  1.21079E-14 X(H)=  1.45883E-13 
Y (N)= 2.99162E-20 X ( N ) =  3.6Q446E-19 
Y ( D l =  ?.(5195?E-I1 X (a) = 1.0867E-09 
Y ( C ) =  1E-JB X (C ) = 1.20485E-37 
YTOT= , f:1824477 VOLUME= . i 
TEMP T3= 1198.98 UR= 8.37599 
FUEL= I .  21754E-04 UP= 8.57599 
PRESSURE= 8 1.6547 ITERATION= 3 
TOTAL ERSClR= 4.1348E-04 

CONSTANT PRESSURE PROCESS 
Y ( C C Z ) =  6.79839E-05 X(C02)= ,0813413 
Y [CO) = 1.35258E-05 X (CO) = 1.57208E-04 
YICH4)= 6.65312E-22 X ICH4)=  7.73283E-21 
Y (NZ)= . 0647631A X(N2>= .751204 
Y (1\1D 1 =: 6 .  UbEl53E-(34 X (NO = 7.05336E-03 
Y(H?O)=  7.54721E-03 X(HZO)= ,0877201 
Y (Hz) = 2.92444E-156 X i H 2 )  = 3.59?(:)3E-QS 
Y ( a w =  9.19496~-os X(QH)= I . O A B ~ ~ E - O ~  
Y (LIZ)= 6.139(37€-I35 X (02) = ..(I713535 
Y ( F ) r =  O X I F ) =  0 
Y ( H ) =  2.61V32E-07 X (H> = 3.04439E-06 
Y I N ) =  b.5 '&4f i lE- l l  X (N)= 8.05'476E-10 
Y (a)= 5.57k88E-06 X ( 0 ) =  6.48192E-(35 
Y (C ) = 3.09552E-22 X ( C > =  7.59788E-21 
YTOT= .0860374 VOLUME= .I87398 
TEMP T4= 2167.47 HR- 9.9ff49 
FUEL= 4.62374E-04 HP= 9.98489 
PRESSURE = 81.6549 ITERhTION= 5 
TOTAL ERROR= J.19628E-05 
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