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ABSTRACT

A model has been developed to predict the performance and NOy emis-
sion of the Texaco stratified charge engine, This complete engine cycle
program starts from engine geometry, valve and fuel injection timing,
fuel characteristics and operating conditions and includes the following
phases: valve overlap, intake, compression, combustion, expansion and
exhaust,

The fuel mixing process is described by a jet mixing model and the
equations are solved in a cylindrical coordinate system with a non-uniform
pressure field. The jet shape changes were calculated for the jet impinge-
ment effect against a solid wall, The air motion inside the cylinder is
determined by a detailed model to specify the field for the fuel jet.

During combustion fuel jet is divided into many elements and the com-
bustion process of each element is analyzed as a mixing process between
the jet and surrounding air, entrainment into a flame front and subsequent
combustion,

For heat transfer the walls of the combustion chamber are divided
into five regions; intake valve, exhaust valve, cylinder head, cylinder
wall and piston top. Each region is assumed to have a different tempera-
ture and different gas velocity.

Nitric oxide emissions are calculated by using the extended
Zel'dovich kinetic scheme, with the steady state assumption for the N
concentration and equilibrium values used for H, O, O2 and OH concentrations,

The model computes combustion rates, heat transfer and NO, based on
the same jet mixing assumptions without appeal to separate mixing processes
at each stage.



Comparison of the model prediction with the available experimental
data shows reasonably good agreement,
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SYMBOLS

A = heat transfer area

pore = cylinder bore diameter

b = jet radius in free jet

bC = jet radius when contacting with wall
Cp = gpecific heat at constant pressure
E = internal energy

H = gpecific enthalpy

h = distance from cylinder head to piston
Lcnr = length of connecting rod

M = mass

N = engine speed

Nu = Nusselt number

P = pressure

Q = heat transfer to system

R = radial distance of jet location

R.C = radius of piston cup

Re = Reynolds number

Rg = gas constant

R.p = radius of piston

RCr = radius of crank

S = distance along the jet trajectory
Se = plume surface area

T = temperature

u = jet velocity

top
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turbulent eddy entralmment velocity

volume

piston cup volume

parallel component of cross flow to u
normal component of cross flow to u

radial component of jet (swirl) velocity
vertical component of jet (swirl) velocity
angular velocity of jet (swirl)

work done by system

mass fraction of fuel in jet

axial distance of jet location

entrainment parameter for the parallel flow
entrainment parameter for the normal flow
density

equivalence ratio

tangential component of jet location

fuel injection timing

jet contacting angle with wall (see Fig. 4)
crank angle (0 at top dead center)

Taylor microscale

characteristic reaction time for the microscale
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Subscripts

i = element number i

in = inflow)_ﬁaf”’”#/’

out = outflow

e = entrained gas in the plume
b = burned gas in the plume

u = unburned gas in the plume

© = the gas surrounding the jet
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I 1Introduction

The name, Texaco Controlled Combustion System (TCCS) is used to
describe a spark ignited, direct injection, stratified charge engine.
The combustion chamber is a deep cup in the piston, relatively higher
air swirl is used. This engine may be thought of as a cross between
the homogeneous charge,-sparkwignition gasoline engine, and the
heterogeneous charge, compression—-ignition diese}! engine. However,
since combustion timing is controlled by fuel injection rates; the combustion
process more nearly approximates that of an open chamber diesel engine.
This engine ~oncept appears to have the well controlled, soft combustion
of the spark-ignition engine and, thereby, the lightweight structure of
the gasoline engine. The TCCS concept also demonstrates excellent fuel
economy, broad fuel tolerance, (multi-fuel capability) and relatively
low emissions., The basic conceptual details behind the Texaco Controlled
Combustion System are described below while additional hardware details

can be found in the references on the TCCS engine (1-4).

TCC5 Engine Description

The Texaco Controlled Combustion System, as illustrated in Fig. 1,
requires coordination of air swirl, fuel~injection and positive ignition.
The high air swirl 1s obtained from a shrouded inlet valve and is

amplified during compression by being forced into a deep narrow
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combustion chamber. The combustion chamber is essentially a cup having
a cylindrical upper section with toroidal bottom cast into the head of
the piston. The diameter of the cup is approximately one half of the
cylinder diameter.

The high pressure injection system is based on standard diesel
practice and uses a special version of a standard Roosa Master Pencil
Nozzle. The distinguishing feature of this nozzle is a special flat
seat and a single-hole orifice instead of the more usual conical seating,
multi-hole sac-tip design. Valve opening pressure is usually set at
1500-2000 psi. For full load, fuel injection duration corresponds approxi-
mately to the time for one air swirl and the overall fuel-air ratio is
near stoichiometric. At lower loads, obtained by decreased fuel in-
jection duration and quantity, the operation is lean of stoichiometric
and over all air to fuel ratio approaches 100:1 at idle conditions.

The usual diesel engine problems of long ignition delay, high rates
of pressure rise and high peak pressures with low cetane fuels are
avoided in TCCS operation by providing a positive ignition source. The
Texaco Ignition System (TTIS) is a high energy, multi-spark unit with
controlled duration. The ignition is triggered near the start of in-
jection and continues through part or all of the injection process. The
problems of spontaneous ignition and octane requirement associated with
conventional gasoline engines is eliminated with TCCS since the residence
time of combustible fuel-air mixtures is extremely short.

The TCCS mode of operation thus results in unique characteristics;
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high part-load thermal efficiency at lean mixtures and inherently low
hydrocarbon and carbon monoxide emissions resulting from excess air
operation and controlled combustion rates, In addition, with the high
pressure injection system, a wide range of fuel volatility can be
tolerated, High compression ratio and/or inlet super charging can be
used to produce good operation and performance on low cost fuels., These
characteristics, in addition to quick warm-up and excellent driveability
are significant factors in achieving an automotive engine with good
performance and low exhaust emissions.

The purpose of the research work to be described in the following
pages has been to develop a model to predict the performance of the TCCS,
stratified charge engine given the engine geometry, operating parameters
and the fuel properties. Once the model is shown to be effective in
predicting the performance and NOX, it can then be used as a design tool.
With the brief description of the geometry and the mode of operation of
the engine given above, we will now proceed to a discussion of the

model.
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II, Direct Injection Engine Simulation Model

1. Background

In the direct fuel injection engine, a distribution of temperature
and equivalence ratio exists inside the combustion chamber. Since
formation of NOx is very much dependent on the local equivalence ratio
and temperature, the key problem for this engine simulation is to define
the spacial and temporal distribution of these parameters,

Early diesel engine combustion models include work by Lyn (6) and
he developed an empirical calculation of the heat release rate by using
triangles to simulate mixing and combustion of successive burned elements,
Shahed,et. al. (7) intz:grated this idea with assumptions that have been
widely used in spark ignition engine models (8,9) to compute NOX. In
this model, the fuel is assumed to mix with a stoichiometric amount of
air before combustion and the mixed gas is divided into many packaged
elements which are not mixing with each other. The temperature dis-
tribution inside the combustion chamber was explained by the different
combustion time of each element., Bastress (34) took into consideration
the distribution of equivalence ratio inside the combustion chamber, but
this model is not based on physical mixing and combustion processes.

Following this work much effort was placed on developing physical
arguments to compute the heat release rate proposed by Lyn. Shipinski (10),
Whitehouse (11) and Bracco (12) have explained this delay by using fuel

droplet evaporation models. But it is apparent that the combustion
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process in direct injection engines cannot be predicted only by
evaporation time,

Spray formation and mixing in engines was studied using continuum
models by Adler (13) and Rife (14)., Rife concludes that the motion
of the fuel jet can be satisfactorily analyzed with such a modei, but
this model was not integrated intoc a combustion calculation,

Hiroyasu (15) made a complete heterogeneous mixture combustion model
by assuming a simple cone shaped spray model and a more extensive jet
mixing model, which included the effects of cross flow and jet tip
shape, was developed by Chiu (16). These models do not include any
adjustments of the fuel jet on the wall of the combustion.

Much of the work on heterogeneous combustion is based on gas turbine
engine models., Stochastic techniques appear to be a powerful method (17,
18) for including the mixing phenomena in a statistical way. Further,
the mixing rates have a physical basis. However, the models lack the
geometric detail required for design and consequently have somewhat
limited utility. 1In addition, these models require an enormous computing
time in the case of reciprocating engines because of the way the com-
bustion chamber air motion changes with crank angle, It is also possible
that air motion inside the reciprocating engine is complicated enough
to require more than a single mixing parameter.

In previous work, a model of the TCCS engine was developed by

Jain (19). In our first extension of this model to compute NOX, the
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combustion chamber is divided into two areas} one a hot burned gas
area, the other cold air, Each zone was considered to have uniform
equivalence ratio and temperature. NOx was calculated by using extended
Zel'dovich equations. Values for the (NOx) concentration obtained from
this calculation are very low and this result was assumed to be due to
the following reasons:
a) During the rapid combustion process, fixed equivalence ratio
(1.4) for the combustion zone was assumed. (NOX) concentration and
one way reaction rates decrease sharply as equivalence ratio goes

above 1,1 ~ 1,2,

b} The model assumed temperature constant inside the plume thereby making
the (NOK) concentration even lower, when compared with the actual

case where a temperature distribution is known to exist.

Consequently we focused our attention on a new model that would
include the mixing process through appeal to the equations of motion for

a turbulent jet.



19

2. The New Model

The model divides the complete engine cycle into the following

periods:

1)
ii)
iii)
iv)
v)

vi)

valve overlap period
intake period
compression period
combustion period
expansion period

exhaust periocd

Also the engine cycle is divided into the following items based on physical

phenomena :

i)
i)
iii)
iv)
v)
vi)

vii)

gas exchange

heat transfer

air motion inside the cylinder
fuel jet dynamics

heat release

NOx formation

friction loss

The great benefit of this program is to be

able to calculate the jet
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dynamics coupled with the surrounding air motiom, as a basis for
calculation of the heat release rate, the NOx formation and heat transfer

between jet elements and combustion wall.

The computer program is based on the following assumptions;

i) Temperatures in the cylinder are functions of time and location.

ii) Pressures in the cylinder are functions of time only.

iii) The charge is assumed homogeneous during intake, compression and
exhaust process. (During combustion, the fuel jet is divided into 7-15
elements and each element has a different location and different equiva-
lence ratio.)

iv) The individual elementsin the gas mixture are homogeneous but
each has two different temperature zones, i.e., burned and unburned mixture.
The unburned gas is composed of a low temperature mixture of air, non-
reacting fuel and residual gases, The combustion zone is composed of high
temperature unburned mixture and combustion products.

v) There is mixing between jet elements and their enviromment, but
no mixing between jet elements themselves.,

vi) Quasi-steady adiabatic and isentropic flow is assumed for mass
flows past the valves.

vii) The intake and exhaust manifolds are treated as infinite plenums
having specified pressure and temperature histories, except during
reversed flow past the intake valve, when plug flow is assumed to

oCccur.
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viii) Heat transfer is predicted with a model based on concepts
introduced by Woschni(20) that have been extended to use local
velocities in the combustion chamber,

ix) Thermodynamic Characteristics of gas are based on a model
proposed by Martin and Heywood(21).

x) Nitric oxide emissions are calculated by using the extended
Zel'dovich kinetic scheme, with the steady state assumption for the
N concentration and equilibrium valves used for H, O, 02, and OH con-

centrations in the adiabatic core.
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3. Systems and Thermodynamic Equations

The early complete engine cycle simulation by Borman(22) assumed

that the combustion gas as one uniform mixed element. In our model air

and fuel are divided into many elements and every element has the same

set of system and thermodynamic equations. A schematic of our model is

shown in Fig. 2. Every element is viewed as an open system. #%
i) State equation:
PV, =M, R, T
i i gi i
é Vi Mi Ti
FYV, W YT, (3-)
i i i

. =R (T.,P ,4.) - constant during each computing
gl gl i interval

ii) Mass conservation:

= M . -
Mi in, Mout. (3-2)
i i
iii) Energy conservation for open system:
E. =Q, - W, + M H - M H -
i QI i ini in, outi outi (3-3)

*All symbols are defined on pages 10 and 11.
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iv) Internal energy equations:

=i
il

MH, - PV,
11 i

=
I

MH, + MH, - PV, - PV, (3-4)
1 1 1 1 1 1

v) Work definition:

Wi = PVi (3-5)

vi) Enthalpy definition:

H,=C , T,
i pi i
C.=2¢C - co i i -
pi pi(Ti’P,¢i) ?onstant during each computing (3-6)
interval
vii) Volume copnstraint:
+ +....‘ = —
Vl V2 Vn v (3-7)

vili) From geometry:

. (R /L )zx sin8 x coshH
V=R xsing +L x —-Cr “enr cr cr (3-8)
cr cr

cnr
7
1-(R  x sinb 2

cr c

r/Lcnr)

9 de
T cr
x Bore X Z‘X T
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Values of Q,, M, and M are given from several subprograms in
1 in, out,
i i

advance before these differential equations will be solved. Total

number of unknowns is N elements x 6 walues (Ei’ Mi’ Hi’ Vi’ Wi and ii) +
2 (é and 6). Since the total number of differential equations is N
elements x 6(Eq.(1) ~ Eq.(6)) + (Eq. (17) and Eq. (8)), these dif-
ferential equations can be solved.

In the computer program these differential equations are solved

according to the following procedure:

We get vy from Eq. (1) ~ Eq. (6)
» Vi [ ]
Vi® e @ Min Bin, ™ Moue, Your, ~ (Min. h Mout.)Hi)
ipi’i i i i i i i
Mini-Mouti Vi Vi .
* M, Vit GeoT -t (3-9)
i ipid
Substituting Vi in Eq. (7) by Eq. (9), we get
P = (V -A)/B (3-10)
where
§: Vi .
A= oo Q +M o H o -M CH (M -M H,)
et MiCpiTi i ini in, outi outi ini outi i
Mini - Mouti
+ m V1 (3-11)
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& i
U T B (3-12)
=1 My P

4, Jet Model

From the study of diesel combustion in a rapid compression machine
by Rife and Heywocd(14), it can be concluded that the fuel jet breaks
into droplets near the nozzle orifice and the relative velocity of
droplets in the jet flow is small, This means the mixing between packaged
jet elements themselves is not important and only mixing between
jet elements and surrounding air is taken into consideraticn. From the
characteristics lengths analysis by Jain(19) he concluded that most of
the droplets can evaporate before reaching the spark plug. Thus the
model that fuel ignition is initiated by the spark plug and heat re-
lease is controlled only by mixing is now justified.

The mixing model is based on the turbunlent entrainment assumptions
of Hoult and Weil{23). The rate of entrainment for.turbulent plumes
introduced by Hoult and Weil have been modified to include the
effects of large density variations, as suggested by Ricou and
Spalding(24) and Escudier(25).

For the application of these turbulent entrainment theories to

reciprocal engines, three more new aspects were added to them.



26

1) The NOx value is not determined only by the present gas
characteristics, but also it is very much dependent on the previous
histories of gas characteristics, For this purpose jet model is
solved by using the packaging method in order to identify every jet

element at any instant,

2) All the previous jet models were set in a two~dimensional
cartesian coordinate system., However, a cylindrical coordinate system
is much more appropriate for reciprocal engines. The most important
difference between these two systems is that the pressure field is not
constant any more in the cylindrical coordinate system, especially
in high swirl ratio engines. Jet elements, thus, are affected by the
surface forces from the non-uniform pressure field and these surface
forces have the same magnitude but opposite direction of the centrifugal
forces when the jet elements have the same density and angular velocity

as the surrounding air.

3) Restrictions of the combustion wall were taken into account,
The cross section geometry of the jet was assumed to be in the
shape of a D (Fig. 4) when it is contacting with the wall with the
same centerline position and cross section area of the cylindrical jet.
This consideration proved to have a good advantage for determining
jet trajectory and heat transfer rate between jet elements and the com-
bustion wall.

Let us consider a jet element "1" into a quiescent atmosphere of
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element "=" in the absence of any chemical reaction (Fig. 3). Then,

the general equations of the jet model reduce to the following.

1) Conservation of mass

when jet is not contacting with the wall

1
ds
dt

1/2

. %E(pr2U) = (p/p) P, 2wb(a|u-vi[ + B[vn|) (4-1)

when jet is contacting with the wall

0
1 .1 2 1/2 i
a5 gelembTu) = (p/p ) / P Zﬂbc(l“ E%D,(a|u—vi| + B|Vn]) (4-1)
dt

ej: jet contacting angle with the wall (see Fig., 4)
Max. of 86, =«
J
ii) Conservation of angular momentum
d 2 d 2 2
dt(p1rb uRw) = Rws dt(p1rb u) - pwb u v, W (4=2)

LA angular velocity of swirl

pwbzuvrw: coriolis force
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iii) Conservation of radial direction momentum

2

o ombt)  (4-3)

d 2 2 2 2 2
dt(pwb uvr) = pTb uRw  -p_Tb uRwS +V

pnbzusz: centrifugal force

2
pwﬂbzuRws: force arising from pressure gradient swirlimg flow
iv) Conservation of vertical direction momentum
d 2 _ d 2
dt(pnb uvz) =V dt(pwb u) (4-4)

v) From geometry

dv dv
du _ o2 dw z dR X _z
U Rw e 4+ Rw It + V. qt + v, 3t (4-5)
dR _
3t - Vr (4-6)
vi) Conservation of fuel
d 2
dt(pTrb qu) =0 (4=-7)

vii) Jet is in the combustion chamber

Jet location (R, 6, Z) < combustion chamber (4-8)
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viii) TFor contacting angle Bj

2
2 2 85, . Pe
m” = Wb x (1 - 2“) +—= sinej (4-9)

5. Air Motion Surrounding the Jet

Calculation of gas velocity surrounding the jet is required to
define the jet trajectory and mixing ratio between the jet and gas. A
first order calculation was made by M. Martin(21). This model is
limited to the regions close to the cylinder wall or piston by the as-
sumptions and the model can be extended to the whole region inside the
cylinder for our purpose. Since an exact solution including viscous
effects 1is difficult and time-consuming, several assumptions are

necessary for simplification of this model.
i) The combustion chamber is divided into three regions (Fig. 6):

Inside each region, axial velocity is uniform on the same
horizontal plane, radial velocity and angular velocity is uniform

on the same radius.,

1i) In region (3) there is no radial velocity,

This assumption is necessary in order to avoid a large
velocity discontinuity at the piston cup edge due to a large area

discontinuity there,
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iii) Boundary conditions.
Axial velocity = 0 at cylinder head,

radial velocity = 0 at cylindar wall,

and axial velocity is the same as piston at piston surface.

iv) Swirl at bottom center is solid body rotation.

v} Angular momentum is not conserved.

After precisely checking the pictures (26) of the rapid com-
pression machine it was found that the swirl amplitude (the ratio of
swirl at TDC to swirl ét BDC) decreases when swirl magnitude goes up,
Under normal Texaco engine operation (swirl retio is 3.65 x rpm at BDC),
this swirl decaying 1s about 10%. The following equation is used for

estimating swirl decaying:

swirl momentum decayed _ c w2 % Time
initial swirl momentum DE % m

CDE: swirl decaying factor 6.5 x 10—-6 for Texaco engine
w: angular velocity (rad/sec)

Time: time since intake valve closes (sec)

(1) Calculation of Radial Velocities (Fig. 6)
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(a) Rc<r<R
.fl_l‘d_g.—_(_i.i]‘..:z“rh—
dt dt PV..

2 2
= g(R” -~ r ) hp
" p
M, = (ﬂrzh + V)p
2 c

Mi: the mass in control volume i

t: time
p: density of the charge

Vc: piston cup volume
Combining (5-1), (5-2) and (5-

2 . 2 1
(rr"h + Vc)p + 7 ph =

p' = -(=3x)e
+
K1 h
Vc
when K. = —=
1 HRZ
P

Let X =

B

3)

- ﬂ(Rg - r2) (h'p + p'h)

(5-1)

(5-2)

(5-3)

(5-4)

(5-5)

(5-6)
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Then solving for p in terms of initial conditions at time ty yields

X(to) + 1
p(t) = p(t) C;T?YTI_I ) (5-7)

From Eq. (5-1) and (5-2) we have

dMl 9 2

I - - ] '
- 5 ) 1T(Rp r )(h'p + p'h)
Vy 2nrhp 2nrhp

Using (5-4) and letting

v -4dh piston velocity (upward velocity has negative sign)
p dt
We find
_ . R v (©)
Vr(r’t) = = ZKl)[(rz) - 1] X(t) (1+X(t)) (5—8)
(b) 0<r<RC

The radial velocity inside the piston cup is assumed to be zero.

v,  dM

SR - -
& - " it 21rrhpvr (5-9)

~
]
=l
n
S
~~
=
o]
0N
-

(5-10)
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2 2 2 2
n(Rp - 1) hp +1T(Rc -Tr) sz

m(h + k2)r2p

Combining (5-9), (5-11) and (5-12)

n(h + kz)rzp' + wrzph' = - n(Ri - r2) (h'p+ hp')

- (
k1

+ h

T

Jp

2 2 .
1T(RC -1 ) kzp

From Eq. (5~-9) and (5-12) we have

(2)

(a)

k)
GEI - 1) Vp(t)

-— r
vt = G2 <o 0 F X0

1

Calculation of Axial Velocities

0<Z<h

(5-11)

(5-12)

(5-13)

(5-14)

(5-15)

(5-16)
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2
M2 = ﬂRpp(h"Z) + ch

We assume
v = <r<
vzl(Z,t) sz/h for R <r Rp

From (5-15), (5-16), (5-17) and (5-18) we have

R 2

- = _(py L
sz(zyt) = sz/h 1 (RC) (X(t) + l)

(b) h<Z

=
I

WRZ h + ﬂRz(Z—h)
P c

=
[

2
ch(kz-(Z—h))

From (5-20), (5-21) and (5-22) we have

k. -k, + 2
v (Z,t) = L+ —2 v
z k, +h P

for O<r<RC

(5-17)

(5-18)

(5-19)

(5~20)

(5~21)

(5-22)

(5-23)
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(3) Calculation of Angular Velocity

The gas angular velocity inside the cylinder is assumed to be a

solid body rotation.

From momentum equation

h 27

R

P

[[ fpwradedzdr +
0 o 0

— —

f— g

momentum in region (1)

= (1 - DECAY) x

momentum in region

R h 2w R k2

o}

- \h‘___________.-—-"""‘H""“-__m

initial momentum

DECAY: swirl decaying ratio

From Eq. (5-24)

w(t)

n

Rc k2 2m

3
f ffpwr dOdzdr
5] 5] 0

(2)

27

0

c
j j [p W r3dedzdr -l-f f j-p W r3d0dzdr
00 o0
0 0 0 0

Py szh + h Ra
(1 - DECAY) x — x Z °4p w
P x.R'+nhR °
2c )
(h + kl) szi + hoRi
(1 - DECAY) x X
(ho + kl) k R4 + hR[‘L
2°¢c P

W

(o]

=

(5-24)

(5-25)
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Figure 7 and Fig. 8 are the calculation results using these
assumptions. At -50 BTIC gas movement is dominatcd by the piston
velocity and swirl. The radial velocity is almost negligible. At - 30
BIIC, the radial velocity begins to grow as the gas in the squish area
is forced into the piston cup. At -10 BTIC, the piston is almost
stopped and the radial velocity, especially at the edge of the piston
cup, is very high. Squish effect can be computed from this study.

This more detailed study in general confirms ihe basic conclusions of
Martin but provides more detailed specification of the flows for jet

mixing analysis,

6., Combustion Model

From the observation of pictures in the rapid compression machine
it was found that the unburned gas mixture “itting the spark plug has
a small plume first and this plume grows,entraining surrounding un-
burned gas mixture. The main flame can be seen a little bit down-
stream from the spark plug and this ignition deiay time is about 0.7 -
0.8 msec at 2000 rpm. These phenomena are also verified by log P-log V
diagrams shown in Marsh thesis{27). A mixing and chemical induction
time seems to be associated with this delay and the order of magnitude
is similar to the delay in a spark ignition engine.

To explain the combustion delay mentioned above, an analytical

model for combustion reaction time was developed. In this model a fuel-air
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elemaent starts to burn when it hits the spark plug but the fuel in the
jet element dcesn't burn instantaneously because of finite flame speed
and a typical induction period. In the early stages of combustion
growth, this burning nucleus is so small that this stage can be treated
as if there were no combustion. The schematic of this model applied to

the TCCS engine is shown in Fig. 9.
i) Entrainment of unburned mixture

The entrainment of the surrounding gas mixture into the burning
nucleus has been treated with an analysis based on the work of Blizard
and Keck(28) which relates the turbulent eddy entrainment velocity to
the engine gpeed,

The mass rate of entrainment of surrounding gas mixture can be

given as

dM
—= = pupb *Se* e {(a-1)

dt
where Se is plume surface areaand Ue the turbulent eddy entrainment
velocity. In the Blizard and Keck model, the entrainment velocity is
based on the velocity of tie inlet jet. However, in the TCCS geometry,
entrairment into the spark nucleus is dominated by the velocity of the

fuel jet

Ue 7 0.22u (6-2)
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ii) Combustion delay

Tabaczynski(29) computed a characteristic reaction time (r) for
a large eddy using a characteristic reaction time (rc) defined for an
eddy of the order of the turbulent microscale. The rate of mass burned
in an individual eddy is assumed to be proportional to the mass of un-

burned gas that exists in the plume

an, M, M -
de "t T,

Me: entrained gas in the plume

MB: burned gas in the plume

Mu: unburned gas in the plume

T = A/Se characteristic reaction time for the microscale

A: Taylor microscale

intake valve 1lift
compression ratio

A= 0,17 x (Ref, (28) and (30))

Se: laminar flame speed (Ref. (28))
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7. NO Model
X

The NOx formation model is based on the same model as combustion
mentioned before which is composed of unburned gas mixture outside
flame front, burning zone and burned gas. But the temperatures of
these zones are defined by only two typical temperatures: burned and un-
burned gas temperatures, by decoupling the burning zone into these two
temperature zones. Figure 12 shows the mass histories of these zones during
the period from the fuel injection to fully developed plume, As can be seen,
the burning zone is very thin and disappears quickly, and this zone is proved
not to have much effect on NOx amount by computer simulation. This model
also calculates the transferred amount of NOx between elements by mixing,.
The NO formation model described by Lavoie, Heywood and Keck (32), and
Komiyama and Heywood (8) is used, i.e., NO formation is governed by the

extended Zel'dovich mechanism:

K+1
-

N+ N0 N2+0 _ (7-1)
K-1
K+2
_.).

N+o0, _ NO+0O (7-2)
K-2
K+3

N+OH ~ NO+H (7-3)
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The hydrocarbon oxidation reactions are fast relative to the
NO formation process and a reasonable approximation is that the species
are in equilibrium. A steady-state assumption is

0, 0,, H, OH and N

2? 2
made for [N]. The rate of change of NO mass fraction {NO} due to

chemical reaction;

2
24 (1 - ({NO}/{NO} IR

d{NO}_ (7-4)
dt p (1 +K{NO} /{NOJ))

{NO} = NO mass fraction

Mno = molecular weight of NO

p = gas density

Ry = Ky (O, (N, =Kk, (M, (NO),
( )e = mole concentration in equilibrium
R K . (NO)
K = 1 -1 e

R, + R K+2(02)e + K+3(0H)e
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8, Heat Transfer Model

Heat transfer calculation of the TCCS engine seems to require a
more complicated model than that of the spark ignition engine, because
the heterogeneous mixture causes a large temperatumdistribution inside
the combustion chamber, and also heat transfer between the jet and
piston top has an important effect on the early stage of combustion like
the impingement effect. The wall inside the TCCS engine, thus, is
divided into five regions as many diesel engines are so, i.e., piston
top, cylinder wall, cylinder head, intake valve and exhaust valve (see
Fig. 10). These temperaturs.s are estimated as 650°K, 600°K, 650°K,
500°K and 700°K respectively. Each wall of the combustion chamber is in
contact with the hot, burned gas plume while the remaining are in
contact with relatively cold unburned gas mixture,

All the necessary data for the heat transfer calculation like the
heat transfer area of the jet elements and gas velocity at the wall are
provided by the jet model calculation.

The conventional engine heat transfer correlations of Woschni(20)
have been used to model the heat transfer process., The Nusselt number is
expressed as;

0.8

Na = 0.035 R, * (8-1)



42

Using Woschni's relationships for gas velocities, density, viscosity
and thermal conductivity, the convective heat transfer coefficient is
expressed as;

VT 0.8

(s} .
o TV BBy ) Cyv ]
o 0

=
{

7014 B
ore

<
It

CpA(T - TW)

B : bore
P: pressure
T: temperature
A: heat transfer area
N: engine speed
V: total volume
v _: swirl velocity
Po’To and VO: pressure, temperature and volume when intake valve closes

PiS:when compression and expansion are isentropic

Woschni used an average piston speed C%g) as a gas velocity at the
wall in his equations but the swirl velocity has a much higher magnitude
than the piston speed for the Texaco engine and the swirl velocity term
(VS) was added to them. Heat transfer is not assumed to occur between

jet elements and air,

(8-2)

(8-3)
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III Comparison of Simulation Predictions with Experimental Data
and Conclusions

Experimental works were performed on a TCCS engine by Marsh (27)
and Fly (33). A 3-7/8" x 3-7/8" single cylinder engine designed by
Texaco has been set up at the Sloan Automotive Laboratory at MIT to
carxry out experimental investigations on the TCCS, stratified charge
concept, A brief description of the engine set up and cross—cut
distillate fuel characteristics are given in Table 1-3. Additional
details regarding the engine set up, data taking and data reduction can
be found in their theses (27) (33).

The following comparisons of calculation results with experimental
data were conducted while changing injection timing and equivalence
ratio}

i) Mass fraction burned (Figs. 15,16)

ii) Cylinder pressure (Figs. 17,18)
iii) NO versus injection timing (Fig. 19)

iv) Volumetric efficiency, indicated mean effective pressure
and peak pressure versus injection timing (Fig. 20)

v) Exhaust temperature versus injection timing (Fig. 21)

vi) NO concentration histories in each element (Fig. 23)
(prediction only).

vii) Swirl effects on indicated mean effective pressure and NO (Fig. 24)
(prediction only).

As shown in these figures, every parameter except exhaust

temperature was predicted accurately by this simulation model., The
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major conclusions which have been drawn from this study are:

1. 1Ignition delays were calculated successfully by the travelling
time from fuel nozzle to spark plug and induction time of unburned

mixture to the burning zone.

2, The burning rate was accurately predicted by the jet mixing

process based on turbulent entrainment assumptions,

3. Good agreement in cylinder pressure during compression and ex-
pansion process means that the heat transfer amount between gas
and wall was accurately estimated by the model, which calculates the
local gas velocities and jet contacting areas with the wall based on the

Woschni correlations.

4, NOx values were predicted within practical errors. NOX concentration
is very sensitive to the mixing process. The figure of NOx concentration
histories in each element shows that exhaust NOx can be reduced

drastically by rapid mixing after the spark plug.

5. The model predicted higher exhaust temperatures than actual data.
Heat transfer calculations from gas to port seems to be necessary for

precise exhaust temperature prediction.
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6. Higher swirl ratio has a good effect on NO concentrations at high
equivalence ratios due to the rapid cooling of burned gas. At low
equivalence ratios, however, higher swirl ratio has an unfavorable
effect on NO concentration due to the coincidence of higher gas

temperatures and peak cylinder pressures,

7. Some more detailed calculation- about air motion inside the cylinder
is recommended to get more accurate NO prediction over wide range

engine operations.

8., It is recommended that this model be applied for caleculating

another size engine performance to check this model wvalidity.
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TABLE 1

Engine Specifications

Dimensions
bore
stroke
connecting rod

clearance volume

Valve Timings

Opens
inlet valve 10 BTCD (1)

0 (23
exhaust valve 55 BBDC (1)

45 (2)

(1} at 0.006 in. valve lift

(2) wvalve face flush with head

3.875 din.
3.875 in.
6.625 in,

4,570 in.3

Closes
55 ABDC (2)

45 (1)

10 ATDC (2)

0 (1)



Alx Orifice Inlet

Air Inlet

Water Inlet
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TABLE 2

Summary of Instrumentation

Temperatures

Water Outlet

Exhaust

Crankcase 0il

Instrument - All Points

Chromel - Alumel Thermocouple

Omega DS - 500 Digital Readout

Resolution lOF

Inlet Air
Crankcase Vacuum
0il Pressure
Exhaust
Dynamometer Load

Injection Line

Combustion
Chamber

Pressures
Method
Water Manometer
Water Manometer
Panel Gage
Mercury Manometer
Mercury Manometer

Kistler 601 Piezoelectric
transducer, Kistler 504E

Charge Amplifier

Kistler 609A Piezoelectric
Transducer, Kistler 503D
Charge Amplifier

Bearing 0il
Fuel Inlet

Fuel Returns

Resolution
.1 in.
.1 in,

2 PSI
.1 in,

.1l in,

30 PSI*

.2 PSI*%
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TABLE 3

Summary of Fuel Properties

Molecular Wt.

H:C Ratio

Specific Gravity

Boiling Point °F

Lower Heating Valve (Btu/lbm)

Stoichiometric F/A Ratio
FIA - %

Aromatics

Olefins

Saturates

Octane No,., RON

Cetane No.

Cross—cut Distillate

n125
1.825
.80
106-648
18038

0694

29.5
3.0

67.5

76.6

28.3



52

INJECTOR
_—AXIs

.7ig. 1 TEXACO CONTROLLED COMBUSTION
SYSTEM (SCHEMATIC)
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Jet Velocity Uj = Uj(vR,w,Vz)

Air Velocity Uw = Uw(va,wS,Vzm)

Fig, 3 Jet Model with Swirl

wall ej = contacting angle

Fig. 4 Jet Cross Cu'. Shape When Contacting with Wall
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Swirl Ratio = 3.65 x Engin
Speed (at
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Fig. 5 Calculation Results of Jet Model
(First Jet Element Trajectory)
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piston
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Fig. 10 Heat Transfer Model
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Fig, 11 The Schematic of NOx Model
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Fig. 13 Valve Flow Coefficient for the Intake Valve
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Normalized Mass Fraction Burned

Fig. 15 Normalized Mass Fraction
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Normalized Mass TFraction Burned

Fig. 16 Normalized Mass Fraction Burned
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Fig. 17 log P - log V Diagram (6i = -200)
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Appendix A
Gas Exchange Process

During a discussion of exhaust and intake phases in the model
description, it was seen that a knowledge of discharge-coefficient and
the effective flow areas for both exhaust and intake valves were re-
quired. In this section, the experimental data on engine port steady
flow tests (obtained from Texaco) will be reported.

Figure 13 and 14 shows the results from the tests mentioned above fc¢~
the intake and exhaust port in the form of a plot of flow coefficient vs.
valve 1lift to effective valve diameter ratio (L/D).

The mass flow rates through exhaust and intake valves have been

treated as quasi-steady flow through a rescriction. The governing

equations can be written as follows: 1/2
Y+l
M= A arn 2 27D} | 62 - GO
o o o
L -

For choked flow, with the condition for choked flow being:

p Y
.o, (I_tl)\r—l
P 2

s

and
1/2

. P 1/2 _(I..-'ﬂ

_ oc 2 2(y-1)
M= CVAV(RTOC) (YRTO) [———-—-(Yﬂ)]



76

where Cv = valve dischage coefficient
Av = valve flow area
PO,TO = upstream stagnation pressure and temperature
P2 = downstream static pressure

The logic to take care of the reverse flows through the valves has
been put into the computer program. When there is reverse flow into
the intake system (during valve overlap), the mass that flows past
thé intake valve is recorded. 1Its composition and temperature while
in the intake system are assumed to be the same as those in the com-
bustion chamPer gas when intake valve opens, It has been assumed that,
before any fresh charge can enter the chamber, all the mass that left
the chamber during reverse flow is pulled back in first. For NOx cal-
culation NOx mass transfer through the intake valve is taken into

consideration.
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Appendix B

Friction Loss

The following procedure for determining FMEP for a conventional
spark ignition engine is taken from Bishop(33). The equations
have been empirically correlated with data from engines ranging from
single to eight cylinders, 4:1 to 17:1 compression ratio, and 0.75 to

2.5 bore to stroke ratio.

ome = 0.39(n/1000)1"°

2. TMEP oo - [30-(4N/1000) Jci" 7% /B%s

3. BMER, .o = (KB/S)N/1000

4, FMEPcrank case = I Eqmns. 1,2.3

5. TMER - [(pa-pl)/la.z]l/2 (172 & 2% -
(0.49 + 0.015 R ) /1000y 1+ 183

6. Vp/1000 = SN/6000

7. FMEP Lo otcton = (21.93/BS) V,/1000
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2
= 2,11 8 /B
8. FMEpstatic ring tension n

_ _ 2
= [(p-P,)/14.2](2.35 S/B"][0.088 R+

9. ring gas pressure
0.182 Rc(l.33—(0.121 VP/lOOO))]
10. FMEPtotal = Y Eqns. 4,5,7,8,9
Symbols

B: cylinder bore diameter (in)

C: number of cylinder

D: total engine displacement (in3)

G: number of intake valves per cylinder

H: intake valve head diameter (in)

K: journal bearing size coefficient

M: equivalent length of piston skirt (projected area of skirt +
cylinder bore diameter)

N: revolutions per minute of crankshaft

P : dry atmospheric pressure (psia)

P: intake manifold vacuum (positive, when less than atmospheric
pressure) (psig)

R ¢ compression ratio

S: piston stroke (in)
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Vp: mean piston velocity (ft/min)

n: total number of piston rings per cylinder
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Appendix C
Thermodynamic Properties (hydrocarbon-air combustion)

The thermodynamic properties of the unburned and burned gases must
" be determined continuously during the entire cycle analysis. In most
cases, the assumption of local chemical equilibrium can be justified and;
in principal, for a given pressure and temperature, the mass action
equations could be solved directly for species concentrations from
which the desired thermodynamic properties could be derived. Alternatively,
the speciés concentration which minimized the Gibbs free energy of the
system could be calculated. Both approaches are quite involved and the
calculations are expensive and time-consuming.
Our calculations use a computational method which is based on
curve fitting data obtained from detailed thermochemical calculations
to a functional form obtained from a consideration of carbon-air com-
bustion.
This method was developed by M, Martin{2l) and additional work
done by S.D. Hires(34).
The following effects are taken into consideration by this method:
i) TFuel vapor coefficient for unburned, air and residual gas

mixtures.

ii) Chemical dissociation effect above 1000°K for burned gases.
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1 Composition

. unburned gas
i) fuel wvapor
ii) burned gas (residual gas)
iii) air

. burmned gas

i) burned gas

IT Combustion reaction equations (hydrocarbon-air, under 1000°K

i) lean mixtures (¢<1)

€4CH + 0, + YN, > €4CO, + 201~ €)H,0 + (1-4)0, + ¢N,  (c-1)

2
ii) rich mixtures (¢>1)
€4CH + 0, + YN, > €4C0, + 2(1-e)H, + 2(¢-1)H, + YN,) (C-2)

and water gas reaction

CoO + H,.0 - co, +H, (C-3)
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This reaction is in equilibrium with equilibrium constant K(T).
"c" is obtained by solving the following equation for its positive

root,

(1K) % + 2[1-€¢ + K(p=1 + €4)]C ~2Kep($-1) = O (C-4)

K(T) is determined by curve fitting JANAF Table data(35) over the

temperature range 400-3200°K and is given by:

1n(K(T)) = 2.743 - 1.761/t - 1.611/t> + 0.2803/¢t° (C=5)

where

t = T/1000 (T = °K)

The coefficients for species are shown in Table C-1.

TABLE C-1
i Species $<1 $>1
1 CO2 o) e$p-C
2 _ H20 2(1-¢e)¢ 2(1-e¢) +C
3 Cco 0 C
4 H2 0 2(¢-1)-C
5 02 1-¢ 0
6 N, v v

sum (1-e) + 1 +y¢  (2-e)p + ¥



where

v
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the molar N:0 ratio of the product
the molar H:C ratio of the fuel

4/ (4ty)

the fuel-alr equivalence ratio

Grams of product per mole of O, reactant

2

Y]
M =o¢(8ct+4) + 32 + 28y (C~6)

Specific enthalpy and specific heat at constant pressure

M C “'g: X %: (a tj"l + a /tz) (C-7)
L= =S 2
N 6 4 j
Mh = X, a,, t°/§ - Jt + a C-8
g;l i g;l ( ij J aSJ 63) ( )

The coefficients a = are obtained by curve fitting JANAF Table

1]

data to the above functional form. The values of aij are given in

Table C-2. The resultant C is in cal/g - °K and h is in Keal/g.
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TABLE C-2

Coefficients for Polynomial Fit to Thermodynamic Properties

Coefficients for 100°K<T<500°K

i Species

Xk
7 Cglig

21

4,7373
7.8097
6.9738
6.9919
6.2957
7.0922

- .55313

852

16.653
- .20235
- .82383
.16170
2.3884
- 1.2958

181.62

Coefficients for 500°K<T<6000°K

1 Species

1 CO2

2 H20

3 Co

*k
7 Cgl,gq

211

11.940
6.1391
7.0996
5.5557
7.8658

6.3078

a2

2,0886
4,6078
1.2760
1.7872

. 68837

1.4534

.55313 181.62

a,
i3

-11.232
3.4187
2.9420

- ,21821

-  .031479
3.2069

213
~ 47029
- .93560
- .28775
- .28813

.031944

!

-97.787

*picked to give enthalpy datum at 0%k

214
2.8280
~1.1790
~1.1762
.29682
- 32674
-1.2022

20,402

214
.037363
. 066695
.022356
.019515

~.002687

©,025610

20.402

4i5

.006767
001436
.0004132
-.016252
.004359
~-.0003458

“a 03095

445

-.58945
.03358
-.15987
.16118
-.20139
-.,11895

-.03095

**The coefficients apply to 2,2,4 trimethyl pentene (iso~octane).
equations may be needed for different fuels,

a
i6*

-93.75793

-57.0800

-27,196

- .11819
.103637

- .013967

-60,518

a16%
~97.1418
~56.6259
~27.7346

.76498
~  .89346
- .33184

-60.518

Different
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V) Molecular weight of the burned mixture

4"
_ {M/((I—E)fb*‘l +p) p<1
M=

Y]
M/ ((2-€) ¢+ U $>1
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Program Listing

fAOCrCCACRCOGRCCrCChantaCanencriCCeoracenrriCccCiorencelreccnntnrceerararnCtercor

C

C

C #wu  OF THE TFXACH CONTANL) Z0-COMRUSTINNSSTRATIFIEN CHARGF EMGINF

r

¢ esp  THIS PROARRAM HAS REEN JEVELNPFED IN UINER TD PRENICT THE

¢ w#ee DETAILED PELFOIMANCFE aND THF NOX FYISSlON CHARACTERISTICS NF THF
C #es  TCCSe STRATIFIFD CHAIGI ENGINE, GIVEN ENGINE GENMETRY.

C eu#s  AMD THE NPERATING CANDITIONS,

r  sae

C  eade  AND ANY ATHFR TMFNRATION RFGARNING THIS PROGRAM CAN RBE HAD FRQu
¢ wos SAS(H) «~IAKTI[=157

C

rass Al RIAGHTS 2FLATEN TN THI3 PROGRAM ART RESEIVED RY SLNAN AUTOMNTTVE
Cana LABDRATNSY s M,]aT,

r

eas  PREDICTIMA THF DFTATLFD PERFNRMANCI AND TMISSION CHARACTFRISTTICGwu#®

i

ot
-3

FUFL PROPFRTIES

THE NETAILS OF THE THENRY

25131-23aA4

CoasudARNTNGe#e T41S 9RIGRAM IS NOT FINAL VEIRSION, THIS 2ROARAM WI

OF CHANGED WITHOUT NOTICTINA IN FUTURFE,

TNPUT VARTARLFS
SEF INPUT SURROUTITIMNFE

nyTRIITS
AMGLE= CRANK ANGLE DF6G
B.PRESS= CYLIMDER PRFSSIIRF ATA
opuz NOX COMCENTRATION oPH '
WMO= NOX MASS GelNe#A
N M= ELEMENT NUMPFR
#z] HNOT YET sUINED
? PLUME 1S NEVELOPING
3 PLUME Hac FULLY DEVFLN?ED
T«T,AVS TEMPFRATIIRE OF THF ELEMFNT

uacg= TNTAL vaSS OF THE ONT ELEMENT uG
PMAgS= PLUMFE MASS MGLENR JET FLFMENT)

v o= VALUME raee3
FOUT= EQUIVALENCFE ATIN

FNTH= ENTHALPY CAL /6

opM= MO CONCENTRATION 2Py
WNO= “ASS 0OF MO G#lnatg

B= JFY LOCATTINN RapTAL CH
7= JET LACATION AXT AL M.

NEG= JET LOCATION TANGFNTILL  DFG

HLNe= HFAT LNSS CAl

BATTO= RIIPNED YAGS FRACTION

BS OUTPIT PAWER TATal, STMIE INTAKE va_ve
AFFT= IMTAKF FFFFCTIVF FLN4 AIFA  CMau?
W= INTAXE vASg FLOW /5

AEFF= EXHALST EFFFCTIVE FLOW ARFA  CMu¥2
GWE= EXHAUST YASS FLOW G/S

SIRINUTINES RFNUTIREN
1. DURIGR

2, NAFAA

1, 1HEOR

Ly FTXRPOR

MAIINDIIONADIINNONONIOOAOTDIDNDICOOITINIONOADNTIINIOIIDINOD

TEWM= UNRIJRMED TEM2PERATURFE X ({FNR JET E_EMENT)
aTFw= BURNED TFADERATHRF K (FOR JET E_EMENT)

BuASS= JUPNEN GAS MASS MI(FIR JET ELIMENT)

¢oz SPECIFIC AEAT AT COMSTANT PRFSSURE CaAL/G ¥

e
[FISEI Bg

no b

DOOOOIOOOO0D D



9]

Ge
L.
Te.
q.

1n,
1,
1P
13.
Ta.
15,
14,
17,
1R,
Iq.
20,
"l
27,
2.
P_“.

1
1
1

1

HEATFR
THRPUT
caLCy
NELTA
nCaL
JET
VHBAS
COMT
FNT
voLCy
HPROD
CLOPRD
NERIVS
nYooT
FOT3
TWODTH
1)pgop
PYCHEM
MNXMNSOL
FRICT FRICTINNS

COMMONZEPRNAP/ TECHFIIND) vEFJFL{100) «ZANGL{T1OD) +FMWT(L0ON) »
RDHFUEL (1NAY 4 DHLDS{INN) 4 JTEYMASLINAY 4 JUFMAS(1NN)
FRGAS({I0N) «ECPIION) oFEMTH{RLINN) «FMASS({RAIND)WEENIT(R,INDN) W
EVOL (A«10N) sETEMP {34100} sPCYL (R '
CAMMON /STATF/ ANGLF 1 AM3LE S JICONDWASTEDWNSTEPWIF
COMMOMN ZSTATT/Z PPMJLASTeMNJIET «PHINGF O
CNMMON ZTIYIG/Z ATNTOWATXTDZAINTCsaFXTCLAFUEL S AFUFLE
COMMOM fGFNMT/ STRNKF (RNIE sCONL «VOLF AN GVCU2,RCIPLCYLN
COMMON /SIIv1/ STRIMTSSTARZXTSTAEXT
CAMMON /JHAFETRS/ NOIVIDGTHMITAL(IN) «0HTRC(IN) yaRF(1D)
CNMEON JHETR 1/ PRASE ¢ TAASE wWVRASFWCNHT L4 CNHTZ 4 CNHT L IHR (10}
COMMOM #7512/ TTAIMT G TTRIXT«TTAFXYSTTUHTRIIN) « TOHTR(1N) o PR
COMMOM /FUELP/ FUELSF2CA_vZMa 7N 25T SAFCeVACAL
CAA0N FUFETS/ RIETIEN) JHJIETISH) ¢AJFTION) «BJIETISN) «THFRI50) o
VRIETIGN) YZIETISN) 2w IFT(S0) «VIETISN) wATINJLISN) o IHIFT(SO) &

2 PITCH(SM

1
]

1

rOMUOr /PLUME/ PUAGS{S0) «BMAGS (50} «R2LUMIGN) « HRMASS (50)

COvnlly 2JFETNAT/ ASWIRM JA_FHARFTA I35

COMMON /SU2RAS Y FSWIRCWSAIRWSDECAY

CAMMOMNZCOMS/ POLUMA FNTIRoRLFSP4ASDRAR TSCALF

coenOn AOSAPE/ 2T INPGLINECN L INFSTITELWLTTEL

CAVHOLL /NNYSD/ CONND{IANAT «PIUNNCLIONY s #NOCINN) « SUMAM{1AN) « 2PMEXT

DIMENSION 2M0FR (3) «TMS21{100)

DFAL %4 “A3

CAMMON JFUTLY AF LAY o FMaTX Y N7 01N ER

COMMO /D LDANT /X T /CHPSTNAX () «*RAR

CNMMOMN/CONTL/ ASTINGASTC. «ASTCR4AGTF X4 ASTOV4PRININGPRTNCL 4PRTNEY,
PPINAY

COMMOMZTINFI N/ NINEF X TNFTL{20) o YINFF{Z20) ¢ARTIND «PINT s TINTWAINT,
FOUINT ¢ ARTINT « X TNV )

COMMONSERFY D/MEXFF XFYCF (20) o YEXEF (P0) AREE XN« PEXT« TEX T+ GF XT
TG EFToTLEETAnNELAT o F) O e FLEFTGAREFFXT « XEAY

rovHoN ZAMRTES TAMAJ2AVE

COMMON JFRTOT/ REKTOT,FMIE « ITMANGFHAR2TT0)

NIMENSTION HETFMPISO) D TIMP (5N0) « 21 FNT(S5D)

NIMENSINN yTEwR{10)aYr3 (10}

NIMEMNSINMN ¥YRII(P) e YRIM(P)
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C NATA OF SPRECIFIC HEAT AT CNNSTANT PRFSSJRE VS TEMPFRIATURF
- naTa NF TFMPERAT!RF
DATA XTF4P/
1 qnG-olonﬂ.ulqﬂﬂ.‘?nﬁn.122‘50.!?50“.12750013000.93?50“150ﬂ./
C NaTa OF SPECIFIC HFAT AT rIMSTANT PRFSSUIE
naTa yce/s
1 0.?600.3!”.3510.3700.41‘0'5100.?’!O.H“QI.?Q.I.&/

[g Iy e

CARD QFARER AMD L INF PRIMIFR
IMP:S
LDT=hk

JCANN=1 vALVE OVFRLAP PFRTID

iIceymD=2 INTA<E PRNCESS

JCOMN=3 COMPIFSSTINN PFRTON

JCOHN=4 COMANSTINN ANN FYPANSTION PERTND
JEOMD=S EXHAST PROCFSS

D00

9001 CAMTINUF
AGTEP=2.0
PsI1=3,76

INTTTALIZE COwRUSTION CONDTITION

IECHE=] AT YET RAYMEDN
IFCHE=? LUMF TS NEVELIPING IN THFE JET
JFCHE=1 DLUME TS FULLY DEVELNPED
nn 1010 I=1.10n0
IECHE (1) =1
CoMMOI) =0,

1010 CANTINUF
ER4AX=10.
MAXTTS=15
JLasTe=}
LITFL=1
RESFRK=N,

YYD

TNPUT SURRPNUTTNE

DOD

CALL INPUT

MOCHIL =0 PERFOPMANCE NNI Y

NMOCHL =1 (NOY CALCULATINN dILL AF DONF
NNCUL=]

NN YOU SANT NOX CALCULATTION?
REANDCINP s INZ) MOCUL «PPUFAT

[aBa X Ne!

o Ne NS ]

CALCULATINN STARTING RAM<S ANGLE AND EMIING C2aNK ANGLE
REAN(INPWPR) ANGLES.AL AST
NFEL=2ZN/ZM
FFUREL(Y)=N,
FMTINISFNTITINT FHITMNTLSAFC)
1F=}
AMBLE=ANGLFES
AYIGLEI =ANGLES
CAlL VILCY (ANALFE «FVNL 124]1) s DVCYL «STRIKE 4AOIE 4 CONL + VCLF AR CVCIIDY
VEYLO=FVOL 24 1)
FEMTH(2 L1 ~ENTIETEMP (24 1) +EEQUT (P 1)+ S5aFC)
EMNTIMZ2=EENTALP ]}
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CALL HPRODIPCYL {P) «FTFMB 24 1) oFFRUT{291) sDFL aPSTaDIMaNUM DM TILIM,
1 DUMSDUMEAWT (1) «ERPRAG (1) «CVAGLNUMY
Fro{l)=ERGAS (11 /4] ,443+0VHD
FUASS (241 =RPCYLI21REVNL (22 1) 7 (FRGAS(I)®ETEUR (241 ))
r
c INTTTAL CONDITION
190 TTSINT=N.
TTHFXT=0,
TTOFAT=0.
15LFFT=D
THAX=0,
PMAX=N,
pPe={),
PSTHN=0,
peFX=0n,
JROND=0
FNTINT=ENTINZ
200 CONTINUE
N 10 T=1l,8D1vTD
TORTR{IY=0,
10 TTIANTR({I)=n,

SWIRL DECAYINA FACTOR FSwI=le AT THE TIME OF INTAKFE VA{VE rLOSING
FaWlF=1.
ngn CANTINUE
PCYLO=PCYL (2}

te N

c
CaLl, OPERA

C

o PHMAE KUTTA METHNAD
CallL PUNGFIENTINT)
AMGLE]L=ANGLF 1 +ASTEP
TTOHINT=TTGINT «STRIMT#ASTEP
TTREAT=TTARoXT+STAFXTH#AGT I
TTOFXKT=TTRXT+STIEXTREASTIR
o 300 I=1«NDIVID

2900 TTOHTRIII=TTOMTR{]) «TOATA (L) #ASTFO

C

€ CHFCY THE TNTArE FLOW
TFLICODGT43) GO Tn 870
IF(TTGINT.AT. %) GN TH 572

r

£ IMTAwE FLOW IS RFSTAUAL RAS
EMTINT=FNTTINS
nh TO S70

r

C THTAxF FLOW Is FLFSH Al?

572 FUMTINT=FNTIN]

570 COMTIMUE
CRLL VOLCYANGLF14VCYI Ne JVCYL 4 STROXE «3ORF «CONL « VECL T AR WWCIUR)
PES= { (PCYL (2} +DCYLN} /2, =-7AM3) & (VCYIN=VCYLO) #«CYLN®RPM/9n0D000,
VrYLO=VCYLY
pPe=PS+OPS
1rtJinyn=2y SEn5RN, 500

Gan PEIN=PSIMNe S
N TO 530

san TF{JCANI~5) 531045954570

598 DBSFYX=LSH {+0§

30 N9 16 I=]0IVIN

14 TTOMTA(1) =TT WTH (T +TAATI(]) #ASTFR
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IFTIGLFFT) SON.SNN,S1H
S0n GLFFT=GLEFT=5TnREXT
TFIGLFFT) S20.520,510
520 INALFFT=1
510 CNNTIMNUF
IF{JCONDGNF 6 67 TO 4500

COMASTION ROOTINF

(g N Ne N

FSTIMATE THE 2L UMF TEMPERATJRE
N 3700 I=1.IF
IF(IECHE{I) LEN,2) 6N TD 3400
IIRTEMP () =FTEMD{2,.T1)
PLTEMP({T)=FTEMP(PeT)
PLFMT (L) SEFNTHE?W 1)
6o TO 3700
380N FNTJET=FEMTH(R.]1)
CALL TWOUIMIL1NJXTEMPWYCP+FLTEMP(T) .P.CP])
PLCP=PLCP1 -
ENTOL=(EENTHI{R s 1) #FMACS (23 [ ) =ENTUET# [EMASS (2. 1) =PMASS(T) )Y/
1 PMASS(])
DPLT=(EMTPL=2LFNT(T)) /2 2P
DN 3820 Js1.3
PLT=PLTEMP (T)+NPLT
TRUM2=PLTEWP (T)+DPL T/,
TRUM3=PLTEMP (T) +NPLT#2,/3,
TOUM4=PLTEMP (T)+DPI T
CALL TWODIU(1NJXTEMPWYCP«TOUMP CPNNYMZ)
CALL TWODIW{1NXTEMP.YCPs TDUMILCPMIV]A)
CALL ToanDIUiIN XTEMB YCP»TDUMG L PNJUS)
NPLT=(EMTPL~PLENT(T)) 2 {1e/PLCP14+2,/C20IM2+2,/CPNUMT+ ], /CRNUML) /R
1924 CANTINUF
BLENT (1) =ENTPL
PLTFMP(T)=2LT
3700 CNMTIFE
IF(NOrUL.FN.0) GN TN «500
~
€ CALCHE ATIOM 0OF NOX CHANGF RY MASS TRANGTER
o
fin ‘.012 I-_-?-IF
COMND (LTI SCAMNNO(T) +CNNNG L) #SUMDM (T Z{EMASS (24 1) =51MDM(1))
an1? cNNTINUF
COMMO(1I=CNNND(L) ¢CANMD (L) BSUMDM ]} Z(EMASS{24 ] =SUMDM(]))
nee 4010 [=1.10F
TMEPRI(I)=FvwASS {2« DY ZEMUT (T
TFIIECHF () «EN,1Y 60 T %020
TFITECHFE (I} «EQ.3) &GN TO 4040
P SPI=PMASS(]) JEMWT (T
nO TO 4350
anan PLSPI=TMSPI (1)
4050 CONTIMUF
CALL FOIRTOLTFMP (1Y «0CY_(2) «FFAUT (2} o IFLAG7ZMOFR)
TE(PLTFMP(T) GTe2ann,t A2 TO 4n?2?
TTNOY=]
6N TO 4024
an?? TINOM=z4
an24 ACSTNIZASTED/F NAT (1 1NNY)
NN 402A TIMN=] oI TNOY
CAatLl GHNSTLELTFMD(T) 2671 (2} «PLSPT CZMOERGTIFLAGCCONNG T
1 NCaxNMm
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CAMNO(TI=CANND (LY «NCOMNNFASTNO Z (RPM#R. )}
40728 COMT IMNJF
4020 POMNO(TYI=len0nnn,2CnM0t 1) /TUsOT(T)
WwHMO[1)=30,2CONMOL]Y
401N ONMTINUGE
. TWSPI=n,
TCONNO=0-
TTMSPT=0.
TW =0,
on 4030 [=1.1F
TRONMNO=TCOMMO+COMNO (T
TTMSP [ =TTMSP I+« TMSPTI (T
THMO=TWNO+«NI(T)
400 CoNTINJE ’
TOPM=1N000RN, *TLONNN/TTHSP]
4500 CNHTINUE
LINECO=L INFCO-~}
IFA INECT) 2000.2000.2010
r
¢ PetnNT OuUT
2000 6N TO (2100¢2200+23004240002500) 4 JCOND
c
. VALLVE OVERLAP PERTOD
2100 ASNT=STOGINT®CYI N®A, #DDM
GAXT=STREXTSCY] Ne#A, #RDM
HTRSI==-TOMHTR (1)
HTRSZ2==TTATR (1)

WRTITE (LPT+290N0) ANAGLE]+PIYL{?2) JFTFUP(Z41) «SVNL(P4]) 4P8,
1 FUA55(Pe]1) aHT2S] 2dHTRS? SAREINT o nGNT 4 AREEXNT « RGXT

GO TO %160

c

C IMTAXE PPOCESS

2200 AAMT=STRINTHCYI N#h #00Y
HTRS1=-TOHTF (]}
HTRS2=~TTA4TR(1)

WRITE(LPT 29101 ANGLE ] +PIYL(2) dETEYP (o 1) +CVOL (Pa 1) #PS,

1 FMASS(2+1) +HTRST +HTRS2 - «ARFINTaGNT
&0 TD 9100
. c
C CNMRIESSION P2NCFSS
23N SPAT=WSWIRALIAD, /(3. 141A25.%RDM)
HYRSI==TOXTR())
HTYRG2==TTN4TR (Y1)

WOITE (LPT 2920 ANGLETQDCYL(H)-FTFWP(BOI)';VnL(?vllcpqo

1 FMASS(24]) +HTRS) «HTPS52 +FSWTRSRAT
60 TQ 9100

A |

© caveysTIarl PFRIOD
¢ Exeansidny PERTOD
26400 CONTINUE
TFIIC.EN 1Y 6O TH 23nn
HTRSl==TO-T2(11
HTREZ2==TTN-TR (1)
TOATHII=N,
NN 2616 I=2.1F
ALYN TOATRI=THATAY+SIHAGS(T)
T2LTdUsT=ATHRI/FUSL
GOATZWSWIRAIAN, /(3. 14]ARSL#IDM)
TE{MICH.FN.0) B0 T &P
TWHOAXX=TuMOS LN H 86
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WRTTE(LPTa2930) ANGIF]1+PIYLIZ2) «PSyFSvI24SRATAHTRE?
WRITE(LPT«2331) TRATAIIWVIYLNGPHTIDTRPAMaTWNIXX 4HTRS]

AN TI Suis
GNIN WRITE(ILPT«2930) ANGRLFI«OZYL(2) +PSsFSAIRSRATLHTRS?
WPTTE(LPT+2937) TRATAHWWIYLNGPHID, HTRS]

5015 Nn 5020 [=)1.1F
HULOS=OHLDS T
IF{NORUL.FN.0) 6O TN =022
IF(I1.FQ.Ll} GO TO Sn24
(o
C  NOX AMD JET ELFMFMT
AJF=AJET(II®)IRN /73,1614
ACNSTHER(TYI21RN,. /73,1614
FMASMG=EMACGS (2. 1) ®]N0N,
PMASMG=PMAGS (T} #1000,
RMASMG=AMASS () #1000,
RATRU=HRMAGS{IY /FFUFLIT)
WHOMMG=WND (1) ®10, %24
WRITE(LOT203R) JoIFCHE(IT 2ETEMP (P21 a2 TEMP(T) «RATHU .
1 FHMASMG 2PMASMG 4RUMASMG  JEVOL(P«I}oFEQIT(P«1)ECDI(I) .
P FANTH(2+T) 4PPMNO () «WNOMMOBGRIFT(I) o 4JET (1) AUESBIET (1) 4 ACDHHLNS
6N TO 5n20
c
C NOY AND ATR
5024 EMASMG=EYACS({2.I)#1000,
WNIMAG=WND (T) 210, %84
WRITE(LPT42937) T+IFCHE (1) «ETFUP (24T

1 FHASMG,. EVOL (2e DY sFEMIT (Pa 1V WECP (]} .
? EFNTR{P 2] « PPMND (1) « WNAMMG ) HHLOS
GO TO 5020

C

C PERFORMANCFE ANMD JFT

S022 IF{l.F2.]1) OGO TN S07PAK
AJF=AJET(Iy®1IRN./3,1614
ACN=THER(I) #1880, /3. 1416
EMASMG=FYAcS (2. I #10n0N,
PMASUG=PMACS (Y #1000,
BHMASMG=RMAcS () #]10Nnn,
RATAU=HRMAcC (1) /EFIIFILIT)

WOTTE (LPT,2934) T+I1FCHE (1) sZTEMP(241) «PLTEUP (1) 42ATBU .
1 EMASMG JPMASMG  JRMASYG  GFVOL (24 1) EET (2413 4ECP(T)
2 EEMTH(241) RJET (1) «JETII) s AJE«BIET (1) s ACDGHHLNS

GN TO 5020
¢
C  PFRFNRMAMCE AN AR .
E02A FMASMAZFMACS (2, T) #1000,
WRITE(LPT4203A) T4IFCHFE (IY4ETEMP (24T s

1 FMASMG. FVOL (7a E) BRI (P I)oECP (Y,

P FFMTH({Z.T) . HHLOS
g02n CAMTIMNUF '

N TD 5100

L4
C FYHAIIST EGNCFEeS
2580 ASXT=STOCATECYI_NPA,8DDY
TRl ==THTR{]}
HTOS2=wTTNATR(])
WEITE (L NT42Gu0) ANGLF142IVL(2) oF TEMP (2411 a5V {24]1) «PG,
1 FUPSS(2411eHTAS)  4HTO52 CARFEXT 66T
AN T a1ap
2900 FA2 0T ()t 4FS. 0
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1 IXafFAcP el Y aFSa0alXaFA  NelAsFhePelXeFB, 34

1 : F1le7 sE11.7 Sl X GFAL2e I X7 Te2o 2R eFR 2a1X4FT,2)
2910 FORMAT (1IN «FS5,1.

1 LY aFh e 1Y aF9a 00l XaFB . DslXeFOaPe?X+FB, 3

1 I-'l].3 0:]‘01 OI!OFﬁQEUIK'F-,.? ]
2920 FAPMAT (1M +FS5.1 '
1 1% aFRa2elYaF 5001 XaFBaNalXaFhePeZ2XsFBLAy
1 F11e34F11.3e1¥eFhaTaltXs"he2)
P3N FOPMAT (/117 aF S, 1 a2 e tRR S8, aFB,2e 1 X tPSS 1, FAR, 121X 'FSWIP=1,FA,3,
1 1)‘.'R.QT:l.F‘f-;.'%.l)t.'ELJU.H.QEJ='-EQ.3)
PO FNRMAT (2K eSHTOTAL v 14X aF T3 21X aPF 7,20 l0XaF 7, 04F7.0430%X.F9,2}
P97 FNRMAT(2KeSHTNTAL«1aXaFTe3e21Xs2F T 2Po1bXs GaXER,7)
2038 FORMAT (AN T 201X aT2a2F7uNoF Ta3edF T lalr Ta29FTa3eF T, 1010,
T FRLLaFARL2eFB.NsFR,eFKR,D2ETF, 7Y
PR FNPMAT (2K T 20 1 X aT2a2F T aNoF Ty 3aIF 7ul e CF 7420 F To34F Tl eF T, 04FTc2s
1 Fﬁ.1.Ff--?oFb.ﬂvF6.3!F6.’}'E9.2)
2997 FNPAAT (PRa TPl XaT2s FT 081X eFTalolGXe2FTo24F7o34FTalaFToNs
1 F7.3, 18X4 1PXWF9,2)
2998 FNORMAT{PXa T2 1% al2s FPaDv 4 gF TalolaXs2FTaZ2eFTe3eF7als
1 32X 12XaFD,.2)
2940 FORMAT{IH FS,.1»
1 12 aF R 21X aF5.00 X aF B, 0alXaF6a2¢2XaFB,3,
1 F11.3s F1la3 s 1¥aFAR,2e1XsF7,.2)
alon CONT INUE
LYNFCO=L INFST
2010 IFIPMAX=PCYL(”)YY TnAN0.T7N30703n
7000 PMAX=PCYL(?)
DMAY AN=AMNG [
7030 COMTIMNUE

1F THE TEMPERATIRFS OF EVERY ELEMFNTS ARE RELOW TEMLOW(AROUND 1700k} .
THERFUYWTILL AL YO CHANGF TN MO VALNF,
WE WTLL CONSINER ONLY 0ONF AVERAGE ELEMENT,

TEM_ Ow=220n,

TFLICOMDMNE L4y GO TA 730D

AAN=LMNGLEY - (AFHIFELE +30,)

I”"(AA“-LT.Q‘) 50 Tn 710"\

IFIIELFNLLY GO TN 7300

TF(FTEMR (2, 2) 6T TEMLNW) AQ TO T3nn

IF(ETEYPI2,IE) ,GT.TFV W) G3 TN 73nn

D000

C CALCULATE THFE TOTAL MASS AND  FEMTHALPY
TEUTA=N,
TvASS=0,
nn 7320 I=141F .
TEMTH=TFNTH+FFNTH {2 11459385 (2,1)
TUASS=TMASS +EMASS (P T)
7320 COMNTIMUF

'y I

CALCHLATF THE AVERAGE ENT=A_FY
AVFNT=TFNTA/THASS

CALC'H.ATE Tr% AVERQAGRE TFWREATURIFE
FTocY FItG Ut THFE SLEMAnT #n[CH FNTHALPY IS CILOSF TO THF
AYFDAGE Fh:TrHa: AY
NEMTVYZ]1 099,
T
Ny 73230 I=1.1F
RENTSARS [AYFNT=FENTHI?, T
TEPNERTYLTDFMTY 0 0 7

e Bin Bl Ion |

)
530
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REMTM=NENT
11=1
730 CAMTINGF
Loy
t NEFIME THE MEw PPRNRPERTIS
ETEUMP (P4 1) =FTEMP (2o TI) ¢ {AVENT=FFNTH(Z+TT) )} /FCPL{TI)
FEONT (241) =PHIN
FEMTH(241) =AVFMT
FUAGS (P24 ]) =TH4AGS
CALL HPRINIECYL(P) «FTFME (24 1) oFFRUT(2+1) «DFIL oPST«ENTHL P+ CSURP,
1 CSUST(RHNGDRHONT «DRHNADPAEMAT (1) «FRGAS (1) «CVARGWFBG)
Fre (1) =FRGASI1) /4] .64+ VRG
EVOL{P«1)=vCYLN
1e=]
WOITE(LPT.734M
WRITE(I.PT+762) PCYL (2) aZTEMP (24 1) «EZUUT (24 1) «FFNTH(241)»
1 FHASS(2+1)
1E (MOCULER.N) GN TN 7371
r
C  NNX AMNUNT wlLlL RF NEFTINFD.
c FYHAUST HOX NN MaASS Rase
AMDXEX=TwNARTTAINT /TUASSRERM /L 20,
WRTTEILPT 4 7450) TRPPMAMNNKEX
7331 COMTINUE
WRITE(LPT 7420}
WRITE(LPT47430)
TN FORMAT[//9)0XavBaaFXPANSION PRNOCESS IS CALCULATED AS ONE FLEMFNT#«

tev)
7342 FNRYAT (15X 4 | BHPRFSSHQF = #F)0e2+%ATAY s/,
1 1SX.1AHAY, TFMOFRATHRE = «F10,14%% DEGY4/a
? 15X« 18HAV,. FRUI, IATTY = oFl0.3e/
k] 15x 41342V ENTHAL 2Y = WF10.24'CAL/GY/
4 1572 184TOT AL MASS = JEIN 4.1050)

TLP0 FADMAT (/PR GHTHF NI elrt P 93X 44H T o3Xe8d  V 23X+ 4HWNRK.
] INeTHCYL .vASW 3. 1 HEAT  TRAMGFFR4 TR 44HF GUR AN 9445 ,0T)
P43 FNPMAT (24 (GHDFG 23aeadbTh 4 3Xe6H K a2XeBHCMEST, x4 4H PS

1 3IX7H G «IXW])EH CA_/A caL 211 Xe3X042Q0M)

TGS FOOMAT (// 10X VHRFYHANST “0Xaaat o/,
1 15X ¢ 15HNOX ROMCF M, = JF1N,YatPRwY /0
2 13Y.15HTOTAlI, WAcS = wE124300064)
7300 CONTINIIFE
IF(ANGLEI=ALAST) 7N40.7030«7050
046an 7 T3 3000
7O8A CONTIMUF
ITFXT=1] .
QAANT=TTOEXYT/TTOEXT
TEXT=7M0.
7240 NN=FNT{TEXT«FFOUT(?41) 2 SAFC) =NvaNT
PN=N/GMANT
IC{ABS (R =N.NN13) 722n,7220+7230
7230 IFCITEXT=2) T2ANT21n.7210
7200 ITEXT=2
Xxpnm{l)=7nn,
YR (1) =)
TEﬁT:»’.Qf].
YD TRA0
FPIN CALL COMT(TFRT aR Vel o, o XHQMYRPOM G TTTAT)
17exT=ITEXT ]
TC(ITFXT=2n) 724N.72720,7220
1220 ~AVTLiRE
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TTEL=TTFL+]
WRITL (LPTLaNne0) TEXT
60 T3 7000

7070 CONTINUE
IE(ITFL=-LITFLY T2ANGT2ANTOAND

72AN AMALE 1 =AMNGLEL=-T720,
A0 T3 100

TORO COMTINUE
VATRPOK=30RFRANRELSTRONE /+,.% 3, 1416
ALl FeICT
WRITE(LFT«mNG?; FMFB{P) 4 MED(3) «FMEP(4) 4FMFPR (&) oFMEP {R)
1 FMEP{T7) +FVFP{R) FMF21]}
ATMFR=PS/VSTRNF#75000N00, 7 {R2v/120,)
PIMEP=PGINs/YSTRO<2TISAANND L/ {PPU/I2N,)
PFMER=PSF A /YSTROK#TSNNAND ./ {3PM/LIPN, )
BMEP=AIMER-FVMER (1)
RHP=BMFER&YSTINL/TR0N0N0, *{RPM7120.)
ATSFC= FUFL®#3A00N, /PSaDDM/ 20,
PSFC= FUEL2GNN  /RHP2D0W/ 20,
WRITE(LPT«angn) SIYFP,PSIN
WRTTE(LPTaN10) PEMFP.PGIX
WRITE(LPT«a020) AJMEP.PSAISFC
WRPITE(LPT+A030} 'AMFP4RHPsRSFC ;
RHERE=TTWHTR (1Y Z(FIFL# (F<XCAL~-VACAL))
PFRMI=CYLN®>PPM/ 2,
NN 17 I=l.uDTvTIN

V7 TTOHTIRII ) =TTOHTR{]) #PFRU]
WRITE(LPT.a055)
WRITE(LPTANSA) (TTOHTR(I) sI=1+NDIVID) 4RHERF
WRITE (LPT«"0T70) PMAXPMAKLAN
23 FOOMLY (2F 1n.0)

AIN] FNRMAT(12)

IN? FOPMAT (124F10,N)

ARAN FARMAT (/// 10 ¥PTMFD2 9 (PR, 24 1G/0Vaa2t yGX 4 1RSTNS I FR, 2, 1HDE)

AL FARAAT (IR o J0XtPEMERzs (FL 2 1R /0Man2 Y (G IPSFX =V FH,2, tHDF)

AOP2N FADMAT (IH o/« lNN VATUFD = oF B N tG/0MPER 1450V THPE1 GFR Dy tHDS,
1 SXs'AISFC=1afR,PeIG/TAPWHRT)

QN3N FOPMATILIH o/e10X " AMFD=V G FB Ny 1G/CUBUDP 1 5y o 1ANP=1 ,FR 2, 1HPY,
] GXa? RGFC=04FRA, P4 1G/0HT4HRT)

Q055 FNAIMAT(1H /74 10X VHFAT 2F JECTTON=  CAL/ZMINT)

H0GA FNOMAT{]H . 9X«15HTNTAL H. IIFJ «Fl0, 44/,

1 10x.16H0YE, LIMNER =eF1datan/s
? 10%,154PISTON TOP el Nathg /s
4 10X 1SHEIST CUR =4F1Nalia/
4 10X 15HNYL . HTAD SeFlNelar
o I1NX15HINT, VALV SeF 10 sba/
A 10 1544F -, vALVE SeFllictiog//,
+

TXxa1R-HF AT AFJL/FFL =eF10,3)

ROTN FNARPMAT(IH /7« 10X4t0F < JYL ORFSS= 4F 10,14 14T FS, 14 'NEG. CAY)
RO9N FORMAT (IR /10X« tEXHANST TEVPERATIIRF =T 4FRL ] ('KNFGY)

BNQ2 FAPHAT(// v #8PRFYICTINN IF THE FRICTION LOgsear, /,

SXelARAISA, ANMD PHYMDCz ¢ FI2, Te THR/T A0 24/,

5Xe1AMCAYM (EAD s Fl2.3eTHG/C 020/

Y lAMNE AT N v FlP.leTHG/ I a0D 7,

BY . ]nanl neay v Fl2.%7HAG/ 2 0024/,

SXW1AAVISADUS DTISTON v Fl2.3«7THR/ZHBE2 e/,

BY . 1AHI TN TRUSTON v FI2o3eTHG/T "#824/,

B¥ 41412105 5AS DRFSS v Fl2.3e7HG/ R824 7,

LT L
] SXalAdTTT AL LSS

— ot g it gt b

ot N uny

e FLl2,30THA/ e 2)
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FARMAT (20421247612, 4)

FORMAT (//+510,1)

FOARMAT (2X4212.QF12,4)

FOPMaT (Pr]12.4)

FARMAT (AF 1N, Z242F10,. 0« 1IF 1044}
PEAN(IHPINL) NFRTA
IFINEXTNWE2.1) 61 TO oanl
CaLL EXIT

Emn
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SHARROUTINE DCAL

(g e e ]

CALCULATIOM NF HEAT LFLEASF FOR FaCH EL ZMENT

COMMOMZFPRNP/ TFCHF LINDY SEFJEL (100 o ZnNGLE100Y o FIRT(10N)

1 NHEUEL (100} oDHLAS(INN) 4 JIEMAS (100 4 JOEMAS (10D)

1 FRGASIION) ECPLLI0N) oFENTHIBG1INN) «FMASS(Re10N) 4FENUT (R 10N),

1 FVNLIALW]IO0)«FTEMP (R« 1NN} sPCYL (R)

COMMON /STATE/ ANGLF1.ANDLE+ JCONDJASTED WNSTEB L IF

COMMON /STAT1/ POM, JLASTAMNJET +OHINGF O

COMMOM JFUSLP®/ FUEL+FVYCAL s ZM.ZNePST ,SAFCeVACAL

COMMON ZJETS/Z RUFTISN) WHIETISN) «AJFTIDNY «BIFT(SH) «THER (50}

1 VRUETUSO) JVZIFT (5D} oW dFTISO) e VIFT(50) s AN JISN) «RHIETION) o

2 2ITCH(ISD)

COMMON /PLLIME/ PMAST (S0} «MMASS (50} 4RPPLUM (S0} s HRMASS (5N0)

COMMON ZJFTDAT/Z WASWIRNGALPHALRFTALRH3AS

COMMON/COMA/ RPLUMN 4FNTIIR¢RLFSP yASOARK 4 TSCALF

NFL=ZN/7M

IFITELENL]1Y 5N TH 3nn

o 100 I=2.1E

AJESAJET(T)I®1RN,/3,141R
C HFAT PELFASE =0 UNLF&s <PECIFIED LATER
DHFUEL (I} =n,

C CHFECKF WHETHER THE FUEL ELEMINT REACHES THE SPaRK PLUG DR NOT,
TF(AJELLT.ASPARKY GO TO 100
TF(PMASS{T)ILGT.1.E=7) GN TO 400

C SET THE INITIAL PLUME MASS AND GUINER MASS
PRLUM(]) =Rk UMn
PYMASS(I)=R-JET([)%4, /., #3,14]1A4RP_yyMN#a]

(o
€ SGCALFY FACTOR
PHASS({I)=PTTCHII) /2,4BVASS(])
RMASS (1) =PuASS (1) a2, /1,
IFCHE(T) =2
400 N1 410 TP=1410
C

C  TUHRRILENT ENTOAINMENT RATE
UP=FNTURSY JET(T)
NOMASS= SRATIRHIFTITI®AAITT(TI )44, 43, 141 68RPLUM(]) vt D8P
DPMASS=DPMASSHASTED / (A, 8PY)} /10,

~
C SCALF FACTOR
DOMASS=NPMASSEDITCHI(TI /P

FFFECT OF FLAME CNMING RACK
IF(TECHE (2)..NF,.3) 6N TO 402
DPHASS=NIPMASSEY,

4n? CnMT INUE
PHMASS(T)SPUASS (T ) ¢NPUAGS
JRFIPMASS () JLT.FMASS(241)) 50 TO 420
PMASS (1) =FWASS (P11}
TFCHE(T)Y=1

420 TCHA=TSCALF/RLFSD
DAMASS= (PMASS T -RMASS{ T} ) /TCHARASTF 2/ (A 93PM) /1D,

OO0

AMASS (11 =BVASS [ ]) +NRYAGS
C NFXT EQUATION TNCLUNES THE SCALF FACTND AR0UT CALCULATION PITTCH
POLUM{T )= (2UASS(T) 83, /2TTCHIT) Z(QHIFTIE) #4 2, 14]1R) ) 6N, 373
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410 CONTINUE
Cabl, UPROP(ACYE (1) «FTFUB T o) oFFAUT{2eTYoDEL 4PSTo N s ENTATIR,
1 UM DUM DM DM DU S DY UM DM
CalL HPRODPCYL (1) «FTFUD (T3 [} oFFANTI2+ 1) oNDEL «PST+FNTGAS
1 UM DUMD MO DM DYV DUM L DUM 4 NYM)
c .
C TMCLINTNG Trd FORMATION FNTHALRPY
XS (ENTAIR-FNTRAS) 10NN /FKCALZFENUT IS T #{SAFCeEFIUT(P41))
IFiXX=1,) 4304a&faaan
44n K=,
430 HRMASD=HRMASS(T)
HEMASS (1) ==FUF|_ (1) #RMASS (T ZFMASS (P, 1) oKX
DHFUEL (1) = (HRMASS{ 1) ~HIUASO) #FwCAL /ASTEP
TR*ASS=TAVASS +HIMASS (]}
TNRMAS=TDAVAS +NBMASS
10a CANTINHE
INn NHFIEL (Y ) =n.
RETURM
EMD
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SURROUTINF INPUT

COMMON/EPRNAP/ TECHF (100) vEFJEL(INN) « TANGL (100) sEMWT{1D0) »

1 DHFUEL (100) «DHLNSIINN) JIIEMASLIND) «DOEMAS(100) ,

1 EPGAS(100)«SCP{I00) «FENTHIRB41AN) 4FAASS{Be100) sFENUT(RS10N) .
1 EVOL(RLICNY 4FTEMP (R10ON) «PCyY| (A}

COMMON /Z5TAT1/ FPMoJLASTeNJET«PHIDFDS _

COMMON /TIVIG/ AINTOWAFXTOLAINTCSAEXTC,AFUE| SAFUFLE

COMMON /ZGFNIMT/Z STROKE (BNIE+CONL » VCLF AR WVCUP cRCUPSCYLN

COMMON /HETRS/ NDIVINLTUITAL(1N} «NHTRC(10) <ARE (10}

"COMMON /STATE/ ANGI.F1 +ANSLE JCONDWASTEPWNSTEPWTF

COMMON /FUFLP/Z FUEL +FHCAL «ZMs7MePSTSAFCVACAL

COMMON ZJETS/ RJUETISN) «HJIETISNY «AJFT IS0 «BUET(50) +THER{S0) 4

1 VRJETI(SO0) «VZJIETISN) «WISTISN) ¢ VIET (S0) s AINJIS0) 4RHIET (S0) &
2 PITCH(50)

COMMON /PLUME/ PVAGRS (50) +BMASS IS0) +RPLIMISH) « HRMASS (50)
COMMOMN ZJETDAT/ WSWIRNG¢APHALRETALRH3AS

COMMON /ZSURGAS/ FSWIR.ASHIRWSDFCAY

COMMON/COMA/ RPLUMNFHNTIIRWRLFSP s ASPARSWTSCALE

COMMON /OSNPEZ LPT<INPL INECOLINESTSITELSLITEL

REAL®4 MBAR

COMMON /FUCTL/ AF(A) oFNW ZX oY «NZeNDLOVER
COMMON/ZDXDANT/XT/CMPSTN/X(T) +MRAR

COMMON/CONTLZ ASTINGASTC . sASTCRWASTEX+ASTOVPRININGPRINCL +PRINEX »
1 PRINOV

COMMONZINF) O/ NINEF +XTNFF{20) o YINFF (20) s ARETNDSPINT+TINTRINT,
1 EQUINTSARFINTXTNV

COMMON/F XF1 O/MEXEF o XEXEF(20) s YEXEF (20) y AREEXD 4PEXT 4y TEXTGFXT,
1 IGLEFT WTLFFT o OEXTSQFLOWIELEFT4AREFEX T XEXV

COMMON /AMQTE/ TAMR,PAMD

COMMON /HETR1/ PRASE «TRASE W VRASEZCNHT I «COHT? o OHT 4 ~HR (10}
COMMON /FRTDT/ RSKIRTSFrIE+IINGBNLFME2(10)

DIMENSTON YINLT(P0) +¥COZI(20)YCOFT(Z20)sYEXLY(20) «XCOFE(20) 4
1 YCOEE(20)

TNP=5

| PT=6

RFSFRK=N,

DEL=ZN/2M

WRITE(LPT+3000)

- 00N FORMAT(LH]L PX 4 v#2CYCLF SIMULATION FOR DIRECT INJECTION ENRINE##

IVFRSION l#uwr)

READ(IMPY3N10)

WRITE(LPT«2010)

1010 FORMAT (AQH
1 }
WRITE(LPT A0 20 . -
3020 FORMATIIH «//«1H +33X«*TABLE OF INPUT NATA AND INITIAL ENGINE COND

TITIONSY o /4 SA 120 (1HH)Y )

READ AND WRITE THF NDATA NF INGINE GEDWETORY

STROKE=STROKE (CH)
CONL=CONNFCTING POD{CM)
VCLFAR=CLEARTNCF VAOLUME( FXCLUDING CUP VOLUME ,CMu#83)
VCHP=CUP yOLIIME{ Cusaq)
pene= CIP PANTUS (NM)
CYLN= NUMRER OF rYLINNER
REAN{INP23) STROKFJANRF «CONL o VCLE AR «VCUP S ICUPCYLN

READ AND WRITFE THE NATA 0F VALVE AND FUZL INJECTION TIMING

300 OO0
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AINTO=INTAKFE VALVF STAQTS TO J0FY(CRANYC DEGRTF. ARDIND -10)
AFXTO=FXHAUST VALVE STARTS TO NoFN (aA=0UND 52720)
ATNTC=INTAKE VALVF STARTS TO CLOSF (ARPNJIND 200}
AFRXTC=EXHAUST VALVF STARTS TO CLOSE(ARIUND 1M
AFUELS=FIJFL INJFCTTION STARTS (ARDUND 33U)
AFUELE= FUEL TINJECTION FNDS (AROHND 355}

PEAD(INP421) AINTOLAFYTOCAINTCWAEXTCAFUELS ¢ AFUELF

RFAD AND WRITE FUEL PRNPFRTIES

7M= CHEMICAL FORMIJIA. NUIMAIR OF H
7N=  CHEMICAL FOaMiiRa« MIIM3ER OF C
SAFC= CHEMICALLY CORPFCT AlR«FyF| RATID
FKCAL= LOWER HEATING vatLUF OF THF FUEL
VACAL=LATENT HEAT VALUE  (ZAL/G)

REFAD(TNP+21) ZMe7NeSAFC KCALVACAL

rX=7N

HY=ZM

OLOWER=FKCAL/1000N.

AF(l}==0.,553

AF(2)=1REI

AF{3)==97,8

AFL4Y=20.4

AF(S)==0.0309

AF (B)==KD,.5

X1=2.76

EMW=0,

07=0.

READ AND WRITF THF DATA OF THE ENGINE 02ERATING CONDITION

FUEL=TOTAL FIIF.L AMOUNT/ 1 SHOT (GRAM)

RPM=ENGINE SPFEN (2P

EGR=EXHALUST GAS RECIRCLH ATION
READ(INP ¢ FUELsRPMEGR

HOW MANY RFEGIANS WILL YO TAKE FOP HEAT TRANSFER AREA? (NNTVIN=A)
NDIVID=6

El EMENT 1 IS FOR TOTAL e
NDIVID=NDIVTD+]

RFAD AMD WRITF THE DATA nF THE TEQPEDATJQE INSTDE ENGINE

TR= TEMPERATURE nF PISToN TOR-
TINT= TEMPERATUPE NF [NTA<Z VALVF
TEXV= TEMPERATURF OF FYHAUST VALVF
TW= TE4PERATRE NF CYLIMDER WALL
TCYLH= TFMPERATUPE OF LCY{ TNIER HFAD

READ(INP27) TP TIMVTEXVoTW TCYLH

THMETAL (P} =TW .

TMETAL (3}=TP .~

THETAL (&) =TP

TMETAL (R} =TEYLH

TMETAL (A)ZTINY

TMETALég =TEXV

CALCULATIONS FOI THF DISTAMIES FRNM THE CENTER POINT
THFSE DATA WTLL RE USFN TH CALCULATFE THE VELICITIFS a7 THE waL(
RHR(2) =RDRT /2,
RHO(3) = (HOIF /P2 ,+3IC1IRY /2,
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PUR {4} =RCUD

PHR (S} =RORT /(2,2 . 414)
RHR {6) =RORT /4,

PHR (7)) =RNDRE /4,

HFAT TRASFFR COEFFICIENTS

CNHT1+COHTZ2= HEAT TRANWSFER COEFFICIFNT
CoHT1=2,28
CNHT2=0,0072
COHT=AD JUSTING THTAL HFEAT TRIANSFER 24OUNT (MAYRF 1)
READ(IMNP«23) COHTLACOHTZ «COAT

READ AND WRITS THF DATA OF INITIAL JFT CONDITIONS

AINJV=JET DIRFCTION ANGIF FROM VFRTICA. LINE (DEGREF)
AINJT=JET DIPETTNN ANGLF F0OM TANGENTTIAL LINS (DERREE)
DINIT= JET RANIAL LOCATTON WHEN FUEL TS INJEGTED (CM)
RINTIT= JFT IwITIAL RADTHIS (CM)

READUINP 27} ATNJVGAINJTWRINITRINTT

ATNJV= AINJVEI 14lRZ19n0,

ATNJT= AINJOTH#3,.141A/1RD,

PrAD AND WRITF DATA OF ATR INTRATNMENT 2ARAMETER

WSRATO= SWIRI RATID AT RDC {23PM)
ALPHA= ENTRATNMENT PARPAMETEIR FOR PARARILL VELOCITY DIFFERENCE
(0.1)1 18 RICOYMENDEN)
RETA= ENTRATINVMENT SARAMETFR FOR NORMAL VELOCITY DIFFERENCE
t9FTA=N, & IS RECOMMENDED)
PHFUEL= DENCTITY OF FUFL (GRRAM/CMes)
PHGAS= DENCITY OF SURRDUNNIMG GAS (GIAM/CMe#)
SNECAY = SWISL DFCAYING FACTOI (R.,5F-6 [Q RECOMMENDED FOR
TCCS FNGINE)
READ(INP+27) WSRATNWAI PHAWBETARHFUE . v ?HGAS«SNDECAY
WSWIRD=3.1616/180,#RPMIL.*YSRATN

AFAD DATA OF COMRUSTION PARAMETER

RPLUMEA= INTIaL PLUME RADTUS{CM)

ENTUR= TUPBUIENCFE FNTRATNMENT PARAMFTER

RLFSP= LAMINAR FLAME SPFER(CM/SFC)

ASPARK=SPARK PLUG LOCATION FRIM FUEL INJECTION NOZZLE(DEG)
READT{INP 923} RPLUMNGFENTHIWRLFSD¢ASPARK

DATA OF INTAKE AND FXHAUST SYSTEW

NIMV= DTAMETER OF TNTAXF VALVE

SINV=MAXTMUM LIFT NF TNTAKT VALYF

YINV=MUMBER NF TNTAKF VALVI

NFXV= OTAYMETER OF EXHAURT VALVE

SEXV= MAXMUM LIFT OF FXHAI'ST VALVE

XEXV=MNUMAFR nA FYHAUST va VE
REANTINPA27) NINVSTNYNIXVISEXVXINVXEXY
ADPETNNI=Fe 14168NnTNVEGIMNYeXINY
APFEXD=3.14168NEXV4SF Yy XEXY
ARE(3)=7,141A/4 .4 {RNRF#QIPE=QQCIIPARCIID T4 )
APE (4) =yCU2e2,/QCUP
ARE (R =3, 1416/4.8NTNVENRT VY
ARE(TI=3.1461674 #DNEXVENFXY
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ARE (51 =3.1416/4,*ANAFaRNIL~AQF (A) ~ARZ(T)

NaTa OF FRICTTIONS
RSKIRT= EQUIVALENT LFENGTH JF DISTON SKIRT( PRNJECTED ARF OF SKIRT
/ CYLINDER RORE NIAVETER)
FCOE= JOURNAL BFARING ST1ZF COEFFICIENT
RPINGN= TOTAL NUMRFR OF PISTON RINGS PEI CYLINDER
PFAD(TINP+27) RSKIRTWFrOF+RINAN
RFAD DATA OF vALVF LIFT VS, NOIMALIZED CRANK ANGLE FOR INTAKF VALVF
READ(CINP+3Nn1) NINEF
READ(INP 301} NINCO
READ(TNP+21) (YINEF(I)«T=]1NINFF)
READ(INPs23) (YIMLI(I)+I=1eNINFF)
READ(IND 423) (XCOET(TYaI=1+NINCO)
READ(INP27) (YCOET(IV4I=1eNINCO)
DO 1000 I=14NINEF
VLIFR=SINVeYINLI(I)/NTNV
CALL TWODIM(NINCOWXCOFTLYCOET+VLIFRLZOSFY
YINEF{I)=YTNLI (1) ®CNEF
1009 CONTINUE
€ RFAD DATA OF vALYE LIFT vS., NORMALIZED CRANX ANGLE FOR EXHAUST VALVE
RFAD(INP«3N]) MFEXEF
READ(INP+3NL) NEXCO
READ(TMP 921} (XEXEF{T)oT=19NFXFF)
READ(INP#23) (YEXLT(T)4T=1sNEXEF)
READ(INPs23) (YCOEF (T oTI=1eNEXCO)
READ(INP+23) (YCDEE (1) «T=14NEXCO)
D0 1010 I=1eNEYES
VLIFR=SEXVaYEXL. T (1) /NEXV
CALL TWODIWM(INEXCOsXCOFE«YCOEESVLIFR4COEF)
YEXEF(I)=YEXLI (1) #COEF
1010 CONTINUE

O ano0Onon

HOW MANY E|_EMENTS N0 YOU waNT TO DIVINDE THE INJECTFD FUEL INTO ?
10 ELEMENTS ARE QFECOMUMENNFED
READ(INP«3NnL1) MJFT

AYRIENT CONDITION

TAM3= AMBIENT TFYPERATURE

PAMA= AMRIENT PRESSURF
READ(INP+23) TaM3.PAMR

TMTAKE AND EXAHAUST ORESSIAF
PINT=INTAKE D2RESSUPFE (ATA)
PEXT=EXHALIST PI[FESSURE (ATA)

PEAD{INP427) PINTJPFYT,TINT

COMPUTING INCREMENT
READ{INP+21) ASTINGASTCLASTCR4ASTEX«ASTOV

POINT CONTROL DATA
READ(INPG23) PRININWPRINIL+PRINEXPRINNY

o0 00 On [aNeNa Ny SO0 OO0

INTTIAL ENGINF CONDITION
PEAR(INP«21) POYL{2)Y o FTREMP {2, 1)+EFNUT(241) 4 TEXT
ELEFT=FEGQUT(PW1)
TLEFT=ETEMO{241)

OO

CAMPRESSTNN 2ATIN
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NISP=3.141£%ANRE*RNDF 74 , #STINKF
CR= (VCLEARWVCUP+NISP) / (VIUP+VCLFAR)

TAYLOR MICRO SCALF

TSCALE=SINV/CP#N, 17

VINIT= FUFL/RMFUEL/ {3, 1%164BINTTa#2% (AFUELF=-AFUELS) )} ® (6. 2RPMY)
WRITE(6452n0)

WRITE{6,5210) VINITY

5200 FORMAT (2X« ' INITIAL UET SPFEDY)
G210 FORMAT (10X4*VINIT=04F)12,19CM/SFCH)
C

€ SET THE INITIaL CONDITIONS SOR ALL JET SLEMENTS

ASTCB=(AFUFLE=AFUELS) /FLIAT (NJFT)
ASTEP=ASTCA

NMJET=NJET )

N0 100 T=2.NNJFT

BJET(1)=8BI~NIT

THFR{I)=0.

VJET L) =VINTT
WJET{I)=vINITeGINCATN VY FCOS{ATNIT)Y /RINITY
VRIFET(I)=s=-VINITESIN(ATNIVI #STN{AINIT)
VZJET(I)=VINET#COS (ATNJV)
RJET(I)1=RINITY

HJET (1) =0,

AJET(TY=0.

RHJET (1) =RHFUFL

RPLUM{ T} =RILUMN

PMASS{I}=0.

BMASS(1)=0,

HRMASS(T)=n,

AINJ(I)=AF JFLS+FLOAT(T=-?) #ASTE®P

€ NFEYT ASSUMTIONI FEAUI=3. )Y AAS MADE FOR GETTING APPROPRIATE

c

c
c

THERMODYNAMIC PROPERTIES

FEOUTI(2+10=3,

NO=AFUELE= ((FLOAT(T) =1, ) BASTEP+AFUELS)

IF(ND.LT.0.) GO TO 90
FMASS(24,1)=3,1416%BINIT*#2, 2y [NIT#aASTEDR/ (6, ¢RPM) #RF UF
EFUFL(I) =EYASS(?a])

PITCH(I}=ASYEP

G0 70 100

QN EMASS{2+41)=3,1414%RINTITE2,8yINITH (ATUELE=((FLOATIT)=2,) #ASTEP+

1 AFUELS) ) /(6. 9QPV) #RHFUF _TASTFP
EFUEL () =E4ASS (P ])
PITCH{I)=AFUELE~((FLOAT (I} =2, ) #ASTEP+. FUELS)
60 TO 110 ‘

inn0 COMTINUE
110 CONTIMUE

CALCULATION OfF INTAXE ATIR PINPEQTIES

FAUINT=EGR#FLEFT®SAFC/((l.-EGP)# (ELE-T+SAFC) +FGR&#SAFC)
WRITE(LPT«70n20)
WRITE(LPT+7010) STROKFZAINTD7M.TP,

1 CONL ¢ 2FXTOeZNyTWe

2 ROPF « AINTCSAFCoTOYL A

9 VOLFAR G ATXTC.FXCALTINY
WRITE(LPT+7N11) VCHRP«AFUILSVACALTEXV,

5 AFNIFLF«RFUEL

WRITE(LPT.702M
ATNVY=ATNJy# 1R, /3,1416
ATMNTT=ATHJT®*]1RN, /3. 141K
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WRITE(LPT«+7N30) WSRATN.RP2LUMD.
AINYV L FNTUR,
BINTTLALPHAWRLFSP,
BINTIT«3FTALASPARK,
QIMNITRH3IAS

RGP «SDF LAY 9 TSCALE

B —

WRITE{(LPT,7031!
WRITE(LPT.7020)
WRITE(LPT+7060) RPM(PTINT+ASTOVPRINDV»
1 FUEL « TINTAASTINGPRIMIN.
2 EGR«FDUINTSASTCLPRINML
WRITE (LPT.7041) ASTCRPRINCL,
1 PAMBJPEXT«ASTCL +PRTNCL »
2 TAMRSTEXTASTEX «PRIMEX s

21

3

1
2

4
)
6

1
?

FLEFT
WRITE(LPT.702M)
WRITE(LPT«7050)

SINVLARF{T)

XINV,ARE (3)
WRITE (LPT L7051

DEXV4ARF {5}

SEXVs

XEXy
WRITE(LPT.7020)
WRITE(LPT,7060)

FCOE.

RINGN
WRITE(LPT«702M)
WRITE(LPT.710M)
WRITE(LPT,711M
WRITE(LPT«7000)
WRITE(LPT,712M)
WRITE(LPT 7000}
WRITE(LPT7140}
WRITE(LPT+7110}
WRITE(LPT,700M)
WRITE(LPT 7120}
WRITE(LPT+700N)
RETURN
FORMAT(RF1n,0)

NDINVLARF{6Y 4PCYL(2)
sCOHTLFTEMP (241)
yCOHTIAFFIUT (241}

ARE (G) ¢COHT2,TEXT,

RSKIRT,

(XINEF(1}sI=1oNINEF)

(YINFF{I)eI=14NINFF)

(XFXEF{T)sI=]MEXEF)

(YEXFF{TYsl=) NEXEF)

&02n FORMAT(SEL1?.4)

A03I0n FORMAT(REL12.4)

6049 FORMAT(4E12,.4)

A05N FORMAT (P2E12.4)

6060 FORMAT(12)

6070 FOBMAT(10F}2,4)

Nl FORMAT(I2)

7000 FORMAT (10X 10FLN.3)

T01n FORMAT (32H FNGINF GEJOMETRY .y
1 A2H TIMING ®,
2 A6H FlLIEL PROPFRTIES #q
3 30H FSTIMATF TIMPERATURES v/
4 2X912HSTRNAKE =oyF10,3¢840CM B
S 1TH INTWVAL.NPFN  =4FQ.14H6HNFG &,
A 19H  7MiNN, OF H) 241N 4 7H He
7 18H PISTON TAPITP) =« “1041¢1HKe /e
A 2XW12HCON,ROD =4F 10,7 e8HCH &y
G 1TH EXM.vAL.NPEN =4 FI¢14RHNEG #»
1 19H 7N(iNN. OF C} =s F10.1.7H e
2 1AH CYL.wALL(TW) e Fl0a1a1HXa/,
3 22X 12HRORE L)

=4 Fl0s384CH



1TH INT.vAL.CL
19H SAFC(STNTC
18H CYLJHEADI(T
2X+ 12HCLEARLVNL

17TH  ExH.vAL,.CL
194  LOWED HEAT
1AH  IMT (W8LVF (
TN1]1 FORMAT(2X,

JODIIAE

1046

NSF =4 FI<1+RHNFG
HeB/ZF)= v FlDogleTH
CYLHY=y 710419 1HK,/,

e =% FIDQEORHC“““3 LA
NSF =4 FIs1+8HNFEG L

ING = FlO0,Na7H CA_/G%,
TIMV)=s F10,141HY)

By

? 12HCUP VIL. =y F1l02+484CMB8T &y
3 17H FUEL INJ.START=4FQ.1«5HDEG 4,
4 19H VAPORIZING HFAT =o F10,0e7H CA_/G%5,
5 18H EXH.VALVEITEXVI=oF10.141HKe /s
6 37X
T 1TH FUEL INJLEND =s FI.1e6HNFG 8.
R 194 DENSTYY m=y FI,3.THG/C%23 +1H%) .
7020 FORMAT (2X 812 BHe e cm e msc s e e aan L L P T RN —mermmc———— e m————
]-—----———----——— ——————————————————— — g, gy Oy e e e e A A En $ A gy e A e
P )
7030 FORMAT (42H INITIAL JUFT DATA %,
1 &aH JET MIXING PARAMFTER #y
? 43H PLIME MONDFL o/
3 2Xs20HJET DIRECTION®® s 19Xy 1HH#,
4& P27TH SWIRL RATID AT PHC SeF 10 3o 7HADDM &,
S 23H INITIAL PLIMF RADYIJS =4F10.4y74 CM aly
f 2X42NH ANARLE{VFRTICAL) =sF1n.2.104 NEG #y
T 27H AIR FNTRAIN., PARAMITER y 16X e 1H%,
A 23H FNTRATM, PARAMFTFR =e F1lN.340Xs ) H® s/,
9 2X+20H ANGLF (TANGENTIALY= «F10,2+107 DEG a4,
1 2TH ALDHA = F‘n'3.6XQIH§u
1 23H LAM, FLAME SPEED =y FI10.,210H CM/QEC 8,/
2 22H JET Reanitus =4F10.5.10H CM ty
3 27H BETA : E—'Y F]0o306X.]H°;
4 23H SPARK PLIIG LNCATION =, FI10,.72.104 DEs LAY
s 22H JET LOCATIOMIR) Ze F10,34104 Cu By
A 2T7TH DEMSITY OF SURINAUN. GAS =F1NeSeTH 5/CC #y
T BYs19HIFI0OM INJ. NNZZLZ) )
7031 FORMAT(
A 22H PISTON cije RPADIUS =y FIN,3,410H4 CM #*,
9 P27H SWIRL DECAY FACTOR =e ElOaTebXg1HE,

1 23H TAYLAR MIC

R0 SCALF Fl10.44104 CM

=

7040 FORMAT {2Xs11H ENGINE CONDITION 5,
1 3tH INTAKE CONNTITIONS e
2 31H rOMPUTING INTERVALS L
3 31H PRINT CONTROL o/
4 PXAISHFNGINE sPEFn =4 F8.00AH ROM .y
& 15H PRFSSIIRE =4 FA,3+84 ATA 4
6 1SH VALVE NOVEQLAP=, FA,.2+ 8H NES #y
6 15K VALVE OVERPLAP=y FB.Z2+8X,/.
R 22X« 1SHFUEL AMAUNT =s FB,5, 8H G/5H0T#,
9 154 TEMPFEOATURFE =4 FR.Z2484 K o,
9 15H INTAKF =s FB.2¢8B4 DFG T
1 15H INTAKF =¢ FR.24BX o/,
? 2X.15HFGR e FB,3,7¥e1H,
3 15H FAUL. PATIO =4FR. I TXe1H#,
4 15H COMPRFSSINN =4 FAR, 2484 NDFG &
S 15H COMPRFSSINN =, FR,2 )
7041 FOARMAT (2K,
A ALH AMBTFNT CONRTTIONS w,
7 31H  FXHANIST cNuDITIONS {ASSUVF) e
R ISH COMBUTION =« FR.,2+84 DFG X
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9 ISH COMBUQTION = FE.EvBX./.
G 2Xe lSHPREGGURF =s THL2RH ATA &y
9 1SH PRESSI)RE =. FR,2+A4 ATA e
2 15H EXPANSION =4FR.2+8BH DEBG By
3 15H EXPANSTION =eFR,PUXs /0
42X+ 1SHTEMPFRATYRE =¢ FIe2sBH K €,
5 15H TEMPFRATURE =o FB. 2484 X L
6 15H EXHAURT =y FR.2+3H NFG by
7 15H FEXHAUST =y FR,Ze8X4/,
4 32X s 1Ho
S 1SH ENUIL. RATIN =4FA,3+sTXs1H®)
7050 FORMAT(2Xs1H INTAKE VALVFE L)
1 31H HEAT TRAMS, AREA &,
2 3lH HEAT TRANS, CNHIFF ",
3 31H INITIAL CONNITION v 7
4 2X41SHDIAVETFR =s "9.347H Cm *y
5 15H INTAKFE VAILVE = «F9.3¢74 CMuspa,
6 31H (WOSCHNI S EN,) #
7 15H CYLes 2RESS. =«FO,2+74 aTA o/
A 2Xs1SHLIFT =eFFe3s7H CM “y
9 15H EXHANST VALVE= «FG,3.T4 (uueps,
9 15H COHT =eF O, SebXs]HEy
1 154 CYLe TEMP, =4F0,1+7H DEG 2/
2 2%y 15HNUMaFR =eFFelsbXolHit,
3 1SH PISTON TOP = FG. e TH Maa28,
& 15H CNHT] =osFO,536Xs1Hay
5 !SH CYL. FOUI. = .FQ.?)
705)1 FORMAT(2X+3]1H FXHAUST VALVF e
1 154 PISTONM TOP = WF9,3¢7H (Cuseapu,
2 15H COHT?2 ZeFO. 596X 1H2
7 16H EXHAUST TFMO .=+FQ.1¢7H DEG *#s/»
4 2Xs1SHDIAVETED = «F9.347H CM ¥,
5 ISH CYL. WEAD =oFO,7¢TH CMuaP0,/,
6 2X ISHLIFT =eFF4397H CM #y
7 15” CYL. JALL =q7¥094VAQIARL€* ‘fl
_ R 22X+ 1SHNUMIER =eF3alsfhXeiH")
TOAN FORMAT(PXe3lH FRICTION 1088 He/y
1 2X41SHPISTON SKIRT = & F3,347H M LAV
2 2X415HJNY, BEAR, COF= 4 FRe3ehikalHue/
3 2XV15HNO, OF RINVGS = +"94146Xe]HE)

7100 FORMAT(IHL 4/747Xs
1 tINTAKF VALVF--FFFECTIVE FLOW ARFA V5, CRANK ANWGLE?)
7' FORMAT(GX  vNORPMAL I7FED CPANK AMKLF 1)
1120 FORMAT (SX« tMORMALIZFD EFFECTIVE FLNW AJEA')
7140 FORMAT (/747X ’
1 *E£XHAUST VALVE-~EFFECTIVE FLOW AREA VS. CRANK ANGLE )
END
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SUURMITTNFE SUNMAF (FNTINTY

T Tale BRGLWAYM 4AS YA FND N2ERATING QUNDE-KUTTA MFTHON
~
COMMRIAFRRARY TECHE (1NN sEFJEL (1NN o ZANGL (10D) «FMWTINN)
1 PAFURI LLAN) «NRELAS 1NN} S JIEMASIINN)Y JUEMAS (10N}
1 Ferasilnn) IR L10N) FENTHIR L IAN) (FUANS (R 100) JEENUT (Re10A) 4
1T TVOL(HalNni o FTEMP{ALINN}WPTY] {R)
CO0M ZTIMIGY AINTNG Sk TU e AINTCVAFXTC AFUSLS « AFUFELE
COMMUM /STATEZ ANGELF Y oAMILE ¢ JENNDGASTED JNSTER . IE
CAMMIY /5TAaT)/ ROMLILASTeNJIZT«PHINGFS™
COMUN JGEAMT /7 STROKE (3NRE ¢ CONLWWCLF 1R VCUD ,RCUP L CYLN
COMMON /8ETRS/ NDIVINGTUITAL (10} eN4T2C{10) cARE (10)
COMMON /HETR1/ PRASE « THAASE s VRASFE 4 CORTY 4 COHTP 4 COHT « FHR (1 0)
COMMIN £/ STATMT W STARIXTHSTNFXT
Comalr . 2SUM2/ TTSRTIMT W TTRIATHTTNEX T TTUHTRIINY , TRATR(]IN) «PC
COMMUN JFUSLD/ FURL «FWCA_eZ947MePST,,5ATCoVACAL
IFALTG MAAD
CAMMULL ZEURLY AF{A) sENW e TR AY s N7 NLONER
COMAURZOADANT /X T /ZCMPSTN /X 7)) s HMRAR
COMMON ZUETS/ PUETISN) «HIET(SN) o AJFT (SN «BJFTISN) 4 THER (50
1 VRJETIGD) VZIFTIEN) s WJF T (SO «VIET (50} 4 AINJIS0) 4 IHIETISO) &
2 SITCH(RD)
COMMON /2L JME/ PUASS(GN) »BMASS{SD) 2R2LUM(50) s HIMASS (5N)
COMMUN ZUETOAT/ dSWIRN A FHAWRYUTALOHGAS
CNYMUN /SURGASY FSWIRNSHIRSNFCAY
COMMUNZCOMD/ BPLMD G FMTL 23 RLFSPy 8SPAIX W TSCALE
COMMON/TNFENZ NINEF «XTNET(20) 4 VINFF [20) JARTINDLPINT o TINT A INT,
1 FOUTHT S ARTINT X TNV
COMMON/F AR D/MFXTE JXEXEF [20) ,YFXEF{20) o BREEXD 4PEXT 4 TEXT s GFXT,
J TOLEFTeTLEFTaNE YT «NFLOWeELEFTARFEX T« XEXY
COMMUN /MO SD/ CANND (1AR) o« PPUMNDTLINN) «WNDILAD) 4 SIMNM{INND) 4 PRPUFXT
STHEAS]NN SUVHT (30)
NEY =/N77
STAINT =0,
STHFAT=N,
STHFAT=0,
G'[‘IT:H‘
G:'I‘Tzn.
Ny XT=n,
PESF R =0, 0
M TEP]
1FE=IE+)
1 31 I=1le0FF
H‘ll“-‘]'(l):ﬂ.
T [euf
i3y -2 [=leNIvIN
P TT=I(])=0n,
AlHLe=aNLL T
) TJ‘!‘:"‘")“!?guPr"‘uj_".JF‘JND
22 020 VOARINL NN AN (I ANGLF ] 4DUMaU JMeWGH TR 4 NUMLFSWTRY
FOalrzF Qi a=SNrCAYSWSHIRPYWSHIREACTFP/ (4, #RDM)
A I |
feelezl,)
pad ez aSNT 20
I N T
PO mer daey K1Y TO 29
ST E oan

bR
A
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LCLATION NF JFT MODFL IM URDFR TD GFY THE ENTRATNMENT AIR
[akvasi(l)=n,

70y WAETHED NEW FUFL FLEMINT [S [NJECTENR OR NOT

VN

1020

MR M T A

IF(Ic=20JFT) 10104102041020

AXX=AFELF+Y10,

IECANGLE «BTLAXY) GO TO &l

[£=1e+1

ETTHA (24 [EV=ETEMI (Pa1)

CALL UPRJD(BCYI (2) SETFMR (2o IE}WFEM)T AW IE) 4 NEL +PST s
1 ESFRAGEFMTHIA W TE) « CSURA2WCSURT s AHN 4 IRHODT 4 NAHONP W CHIT »
P OFRBASTIF) «CVRRY

FRNTHIZ2WTEV=EFMTH(P.1F) #1000,

FwAT(IE)=e4RAR

FrO(IEY=EPRASIIEY 7aY ,,663+0V3R

FMOL e iEY=FYASS (24 TEYRFIGAS(TEIUFTREMR (2417 7PCYL (P!
CNMT INDE
NN e I=2.1F
FFOUTO=FENIT (P41
E#A830=FMMASR {2,

IFIEMASS(P.]) T, 0,040y 50 TH 5

IFI{EMASS (24)) «ATDOFVAS(Y)Y)Y GO TO 37

el L 410 HAS BTEN ENTRAINFD 37 JEY

35

17

22

27n
7oA

A2

ﬂl_,PHA:i) -

HETA=0,

COMTINUF

IF(SJFT{IILTLN.P) 6O TN 220

1F(RJIET({IYLF.1.0} 6D THh 222

JeTFe=y

nd TO 23N

JSTEP=R

6 T 230

JSTFP=3D

CAlLL JETIRJETIT) oHJFTITII o2 S TUTYWRJFTLITIATHER{T ) 4 VRUFT(I) &
1 YZJETOT) ewdET (T o TNUGEMASS (P4 1) o ASTEP o ISTEP W RPMANGLF «PITCHIT) &
1 FRYIRWSWTRY
VIETUIY=SNT{YRJIFT(II4a2 N Zgr T (T cade (QUFT (T I HWIET (]
VOALS (R, 0491483 JFT{T1#828 (1 ~THFC( 1)1/ (2e23,141A))+3I¥T
1 43 TITHER (T 2. 0avcT D) #21TrH({TY 27 {6, 8RPv)
SHUFT{IY=FMASS (2. 1) 7Vl

FER I (2l )sFFUFLIT ) # [SAFC+EZIIT (P41} ) FLEMASS (P« T)=EFUIFLLT))
1 +FEanl{de1)

FEA LI ={EFNUT{2-T)=FZQUID) /ASTFP

NIEMAS(TI=TNU/ZASTER

ST =T

NN mMas(T)=n,

NOFHAS (] ) =INIWAS (Y +NTTWAS{T)

Friass{2.1)zFwassn

Frnij{2eI)=FENT '

CONT IMUF

St ] ) 3=NEMAS (] ) #AGTF

NYEvaS(l)=n,

FTtl tialy =0,

COVIT {NF

ACNL L) sROYI_L?)

(10N T=1.T8

FAaSs (el eFuASS (P T)

P (e DV FEANT 20T

SR SR R IEFRV IR B

Yyee2)
(Traa>
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Trevl(lely=s
FET(la) =
100 CONTINIF
AMGLE=ANGLT
CALL CaLCleDVEOYLJEHTINTY
Caty DELTAMNVCYLENTIMTY
STRINT=STATMT«ATNT /4,
STOFAT=STGFUT+AEXT /A,
STNF XAY=STAFXTHNEXT 75,
N 1en 121 N0Twln
129 YARTR(I)STAHATR(T) enHTRC (1) /6,

ETF-aB (2,1}
FEMTHIZWT)

SECOND STFD

NMETFR=NSTF2+)
PCYL LaY=POYL LN #ASTFP
PCYL (1) =PCYL(2Y+2CYL (4) /2.
na 200 I=].1%
FUASS (4TI =FMASS (3, T) 2asTtP
FEOLLLG ) =FENUT 1 34 [) vaSTEP
EVOlL (a1 =cVOL (T [) paCTF?
ETF 4 {4 ) =FTFuR (3, 1) #ASTHP
FENTH{L eIV =FEMTH{3.T) #ASTEP
FURSS (] I)=FMASSI2 I +FMASS{44T) /7,
EFONI(L DI ZFENIT(Z 11 +EF U (4.T) /7P,
EVOL(I T ==vaL (21 +Fy (4 1) /2,
ETEME ALl L) =FTEUR (2, TY+ETIMP (4,4T) /2,
FERTATII WY =FENTH(24T)+FFNTHI(G.T) /7P,
IF(IECHELT) LEDN, 1) G0N T3 210
CALL HPRUDIPCYL (11 WFTFMO {4 I} 4 TFQUTLI) « 1) aDEL oOST»FNTHI OW
1 CSUIRPOSURT sRHD NPHNNT  JeAdDP (EUWT (1) dERGAS(]) « CY3G4CRG N
30 TO ~1é
210 Cat Ll UPROR(PCYIL {1} WFTFUMD{ T4 I} AFFRUT (] «I1) a0E «+PST4RESFRKSENTHLP
1 CSUak ST e 2UNDPHNANT o IXAIN0 L CHT W FGAS () . CvaR)
FroaT{l)=nsR
> CO T ThF
Cr i) =RRGAS(T)Y /4] 440+ 0W00
SHPHT (D) =S4T LY =NHLNS (T /4,
20 CORT INUE
Anl L=ANGLT) +AGTFP /D,
Calll. CALCUNVEYL «FNTIMNT)
CalLL DELTA(DVOYL «ENTTHNTY
SIOHTAT=STHIMT+ATINT /2,
STHEAT=STGIXT+GFXT /.,
STNZXT=sTAEXT+NEXT /Y,
A 245 I=142140D
225 TARTRIT)=STARTIGITY +ngTRC( DY /3,

v
—
At

THIRY STEP

PEYL (G =PCYL () #ASTFD
REYL LY =PCYL (P) +20Y) (5) 72
ano o300 I=1.1F
FRANS(S ) sE A (T, 1) wpac TP
SIS D) =FEOIT IR ) PAGTER

PIL (5T =Nl {1 Ty 2aGTE?

Trrr e[} eFFF R { VT 5aQTRP
FErTa(ae [) =8 5T (Y T} wacliR

FRoaG () o [)=Tuaga {2, 1) +FVASS (G, 1) /2,
SRR RIS S LN N IS SR NI S £ 48 3 WV5-

"n o o,
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EUN_ (Y1) =5V0L (Pa ) +Tuni (3T /7,
FITH2 (el ) 2FTRuR (P [ 1+ETIMP (S, 1) /7,
FEITR{]l« I )=2F ENTH{P T+ NTHIS T) /2,
IF{leCHAr (1Y ,EN, 1) AN T 310
CriL =PR0NIRCYI (1) 4FTFAR (1 oI oFFHIT (1 aT) s DS «PSToFNTHL D,
] CSUaR eCHUITaRHNDRHINT  JIRAIDP JEMWT (1} yEXGASIT) «CVRGFRGRY
(9 T 1P
Y CALL DRUP(PCYL{T) «FTFAR (] s T} 4FFQUT (1T oDFL «PST4IESFRIOGEMTHL P
1 CSHAPWESIIAT 40N 4 DRUNANT L IPHINDP 4 CHT A F2GAS(T) 4 CVBAY
I'“"V'T(I,'—""‘HA‘)
IT? COANTIANF
CP (L) aFRNAS (T /4] .64 VHG
SUAHT ([) =SUMHT (1) =NHLNS (1) /3,
N cMTINIE
AMGLE=ANGLT ) +ASTER /2,
Celll CALCUINVEOVYE 4ENTTIMTY
Call DELTA{DVEYISFNTTAT)
STOHINT=STHIMT+RINT /T,
STGEXT=STLEXT+nREXT /2,
STAFAT=STOEXT+NFET /1,
Pa 380 I=1M0T4I0
320 TOHTR{D) =T TR v nRTRC(IY 23,

FriJwTH STED

POYL (A =PCYL ()Y #ASTFD
DEYL (1) =RCYL LA} +2CYL (A}
NrooGun 1=1.1F
FUASS(Fe [) =FMASS (T T HASTEP
FEMIItAII=FENNT (34T} ASTER
FUuM, (AeI}=cVOL (daT)wacTEP
FTeEwP (A [)=FTFMP (3471 eacTeP
EenTri({lbe L) =FFNTH{ZTYASTER
EABSS (] o [)=FMAGS {2 T) +EUASNS (AT
TENI L I FENT (2 ) +EF T LARLTY
o, (bely=fvn, (AT Tl (501D
ETE 2P (YW l)=FTFVR{2, 1)1 +5TVR (A, T)
FOMTril o L) 2EfMTHEP T +FENTHI{ALT)
ICITENHT (14 1) 6GN TA %10
Crrl, FRRPOICYI (Y1) «FTEMD U] oI} o FFAIT{TaT) aDDSL 4 PSToFNTHLD,
1 PSR GCSHET o N DRHINT  IRHINP 4 EUWT (1) JERGAS [ T) 4 CVIGLFRGR)
na T alé
LIN CAL L IRRCRROYL (1) WFTEMO LY I} oFFNHT (10 T) DT W PST ¢ RESFRC yEMTHL Py
1 CSUARP SR T e RHNLDOHINT L IFHDINP L CHT o F*BAS (1) , CVRAG)
FrwT (1) =342
Wiy CovaT IMUF
Er2{1)=FROAS(T) 74) .40V .
SIFART [y =S5 1M~T ([y=nHINS (1) /73,
400 AT IMGE
ANGLESAMS S 1+ AQTER
CAll. CALCUINYNY] JFENTTIMTY
CHll BFLTATWOYL JEMNTINT)
STHIIT=SIRINT+ARTIT /A,
STHRFAT=3TS5-XT+RFXT 2A,
ST A T=s e xJenecxTre,
Cohn acn T,
AN TAATRILI=TAATR{TY+nHTRA (1Y /6,

ETIFT= §TF 2
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P LT =RCYL ) 2ASTFD
CrYL L2 2kCYL (P2 (PCYLIG) + 7o #OCYL (G) « 2 *PCYL 6} +PCYLLT) ) /5,
“A =00 [=l.1E
FaAS {2y )2FMAGS (VT ) #AGTFD
Fenul (7.1 =FENal{l.7) 2asTEP
FuM (tel)=Funi, (Je]reeclep
ETEmM2 (7,01 =FTFrMP(3,T)2asTER
FEMNTA(T 1) sFEMTH IS T wACTER
EG9 {24 [)=FVASS (PaT) + {FMASS (4o T) ¢2 PLMASS (R4 1) +2,YEMASS (AW T)
1 ¢EMASS(Tal) ) /A,
CENUII2a ) =FENUT P o T« (FZOUT {6 T) ¢, 25RO (SeT)+2,%EEDNT (AWT)
1 <80 {lel)) /R,
Fual (Pel)=Fynl (2.71¢iCV0L (4aT) o2, 0EVOL ([a1)+2,8EV0L (AWT)
) owRuIL (teT ) 2R,
ETFrR (2,1} 2FTEMR (2 T) + (FTEMP {4 T+ 2 HETEMP (G4 1) 42,90 TFUP (&, 1)
1 +FTER{TaT) ) 2F,
FETHIR s T eFEMTHIZ o T # {FINTH (Lo ]) #2  SEFNTH (G 1} +2  HEENTH (AT}
1 +F.F'3TH{?-|'),/‘1|
IF(IECHE{L) LEN. 1Y AN TN 3140
CalL HeOOUNERLY] (1) JFTFMD T o T3 WaFFQL (1 o1 o DR o PST4FNTHLPY
1 CSUHP 4 CSUAT o RPHTDRHANT f IFHINP (FVHT (11 sERGAS (1) ¢ CVIBERGRY
60Ty 512 _ _
510 Chll, UPRIP (ALY (1) «FTFMB{Lal) oFFIUTHIT o T) 2 DEL+PSToRESFRK+EMNTHLP W
1 CSUADSCSUAT aPHANRHANT ¢ IRHINP CHT «E20aS (1) 4 CVAR)
ErdT (1) =MRAR
517 CANTINUE
Fro(B)sFRGASET) /4], 4414 CVHG
OHLNS (LY S (SUMHT LTI =N= NS LY 26, ) #8STF?
500 CNOTIME
€ TIIECTEY FUEL HAS SAME TEMD an) FNTHALPY A4S AIR.( THIS ASSUMTION IS
r MECFSSARY  FA2 THE ACAURATI CALCULATINN. BECAUSE THE MASS JUST AFTE®
~r TRSCEFD 16 80 smapl TwaT IT WlLl CausSc A LARGE AMOUNT OF FRPOR.I
IF(ANLF « BT AFIIFLEY BN TD 530
IF{l:aF2.1) GN T 537
FTEHR (2 IRy =FTFMD(2.])
EonNYA{2 EEY2FEFMTH {2 1)
S0 oNAMY INiF
R Tk
1)



113

SUBRDUTINE CALCU(DVCYL o FNTINT)

C THIS SUBROUTIME IS TO SET THE DATA FNR SJIROUTTNF RUNGE
COMMON/ZEPRRNP/ TECHE(100) «EFUEL (100) o ZANGL (YI00) «FMWT (100} »
1 NHFUEL (IND)Y «DHLOS (1NN ¢ JTEMASLINN) 4 JOEMASLI0ON) )
1 FRGAS(100)+ECP (100} +FENTHI{B4100) «EMASS{Re100)EEQUT(A,10n0),
1 EVOLIB4100)+EYEUP (B 1NN) o PLYL LR}
COMMON /TIMIG/ ATMTOLAEXTOSAINTC AEXTCWAFUELS s AFUELE
COMMON /STATE/ AMGLF 1 ANSLE+JCNNDLASTEPSMNSTEP IFE
COMMON /GENMT/ STRNOKE (RNRE+CNOML ¢ VCLEAR WWCUP 4RCUPSCYLN
COMMON /HETRS/ NDIVINCTMETAL (10} «OHTRCILIN) ARF(1D)
COMMON /HETR1/ PAASF 3 TBASEWVWBASE+CNAHT LeCOHT24COHT +RHR{10)
COMMON /SUMZ/ TTYGIMT W TTRIXT«TTORXTHTTRAHTR{IO) « TOHTRI10) 4 PS
COMMON /STAT1/ RPM, JLASTsNJETPHIDESR
COMMON /FUSLP/ FUEL «FKCALsZMyZNPST+SAFCWVACAL
COMMON JJETS/ RJET(SN) «HJIET (SN «AJET IS0 2BIFT(SN) o THER(S0) o
1 VRJET(S0) o VZIYFT (SN} aWIETIS0) o VIET (S0} «AINJ(5M) «RHJET(50) «
2 PITCH(50)
COMMON /PL{ME/ PMASS(50) «BMASS (S0) 4RILUMISH)Y s HRMASS(SD)
COMMON /JETDAT/ WSWIRN+ALPHAWRFTALRHGAS
COMMON/ZTINFILOZ NINEF«XTNFF {20) s YINEF (20) ¢ ARETNDAPINTo TINT4RINT,
1 FOQUINT+ARFINT+XINV
COMMON/ZEXFI_ D/MFXEF « XEXEF [20) o YEXEF (20) o AREEXD 4PEXT« TEXT«GFXT,
] IGLEFY oTLFFTOEXT+OF L OWELEFTLARFEXT v XEXY .
COMMON/COMR/ RPLIMN 4ENTURSRLFSP 4 ASPAIX,TSCALE

C
Cc CYLINDER VOL I ME
CALL VOLCY(ANGLFE ¢VCYLDVCYL+STROKE ¢yBIRESCONL ¢ VCLEARSVEIIP)
C
c HEAT TRAMSFER
CALL HEATR
[
C NN HEAT RELEASF FOR ELFMFNT -1{ATR)
NHFUEL (1) =n, .
GO TO (10020Nn+¢3004+4004600) 4 JCNND
c
C WHEN THE INTAWF. AND EXHALST VALVE 0OPEN
C INTAKE PORT CALCULATION
100 CALL INPOR
DIEMAS (1) =GINT
IF(GINTY 7n0.710+710
c

C TINTAKE FLOW Ic FRDY PORT TH CYLINDER
T1n EEQN=EEQUI(1.1)
EEGN={EMASSIl4 1) *EFQUT {1+ 1) #(FNUINT+SAFC)+GTNTHEQUINT #
1 (EEQUI(1e))+SAFC) ) Z{FMASS (14112 (EQUINT+SAFC) +GINT(EFQUI(141)
2 +SAFC))
FEQUI(3.1)}=EEQMN-FEQD
QFLOW=GINT&FNTINT

60 7O 720
¢
C INTAKE FLOW Is FROM CYLINDE~ TO PORT (BACK FLNW)
700 EFNOUT(341) =0,
QFLOW=GINTSENT(ETEMP {1431)+EZQUT (1413 4PCYL(1))
o
C FYHAUST PORT rALCHYLATIOM

720 CALL EXPOR
DOEMAS (1) =-GEXTY
EMASS (3411 oRINTSGEXT
OFLOW=0FLOYWsGEXTAFENTH (1 1)
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GO TO 2000

WRFN THE INTAXE PROCESS CALZTULATTION
INTAKE PORT CALCULATINN
2no CALL INPOR
DIEMAS (1) =GINT
IF(GINT)Y Bn0+A10.810

IMTAKE FILOW Is FROM PORT TD CYLINDER

810 FEQO=EEQUI{1.1)
EFQN=(EMASS (141} #EEQUT L1+ 1} (FAUINT+SAFC) «GINT*EQUINT# _
1 (EEQUI(Ls1}+SAFC) ) Z(FMASS{L 41V R(EQUINT+SAFC) «GINTH{EFNUI(141})}
2 +SAFCH)
FFQUI (345 ))=EEQN=FEND
QFLOWN=GINT#FNTINT
GO TO R20

INTAKE FLOW TS FROMCYLINDER T2 PORT (BACK FLOW)
‘B0N FFOUT(34,1)=0.
OF LOW=GINT®EENTH{l+1)
B2n GEXT=0,
CEXT=0,
EMASS (341} =GINY
G0 TO 2000

COMPRESSTION AND EXPANSION
300 EEOUI(3,1)=0,

EMASSI(3.1)=0.

QFLOW=D,

GINT=0,

GEXT=0,

QEXT=0,

GO YO 2000

COMBUSTION AND EXPANSION PROCESS
400 CONTINUE
IF{IE.EN.1) GO Tn 300
IFINSTEP.GE.2) GO TO 41N
CALL DCal

THE EFFECT OF PUSHING THF FJEL ELEMENT INTO Cy_IMDER
IF(ANGLE+GF,AFIIELE) GO T2 410
DNV=EVOL (1. IE) FASTEP

410 CONTINUF
OFLOW=-NOEMAS (1) #EENTH(1+1)
GINT=1.

GEXT=D.

QEXT=0.

IF (ANGLE.GF . AFUELE) 60O TD 420
DVCYL=0VCYL~DDV

420 CONTINUE
GO TO 2000

EXHAUST VALVE O2EN

600 EFNUI(3.11=0,
CaALL EXPOR
DRFEMAS (1) ==-GEXT
EMASS (3e1) =GEXT
OFLOW=GFATSFENTH {11}

200n RFETIIRN

EHMND
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SUBROUTINE FRICT

CALCULATION OF THF FRICTTON LOSSES

THIS PROGRAM WAS NRIGINALLY MADE RASFD ON IN.-LB UNITS.
COMMON /STAT1/ R3M4 JLASTeNJIET PHINGFGR
COMMON /GENMT/ STROKEZRNIE +CONL # VCLE AR GVCUP yRCUPCYLN
COMMON/INFLO/ NINEF JXINFT(20) 4 YINEF (20) s ARETNDsPINT s TINTAGINT,
1 FOUINT42RFINT ¢ X TNV
COMMON /AMATE/ TAMR,PAMR
COMMON /FRTDT/ RSKIRT#FCIESRINGNFME(10)
FAC1=2.54
FAC2=1000,/714,2
ANREX=BNRE /FAC)
STROX=STRO<E/FACY
RSKIX=RSKIIT/HAC]
CR={3,1416+RORF*Q0RE#STRIKE/G4,+VCUP+VCLEAR) /{(VCUP+VCLEAR)

MTSCELLANEQUS AND PUMPS
FMEP(2)=FAC2%0,39%(RPM/1000.)#5],5

cam GEAR
DINTV=SQRT{ARETIND®4 . /13, 14164XTNV)) /7 AC]
FMEP(3)=FACZ22(3I0.= (4. #RPYU/10N0,) ) #XINVEDINTY#8], 75/ (RNOREX4ADREX
12STROX)

BEARING
FMEP (4)=FAC2#({FCOE#30REX/STROX) *RPM/1 000,

Bi.OwRY
X=ABS (PAMR=PINT)
IF (XX LTe0,) XX=0D,
FMEP{5)=FAC2%SQRTIXX)# (14 72%CRe%#0,4~(0,43+0,0152CR)#(RPM/Y00N,)#"
1 1.18%) '

VISCOUS PISTOw
FMEP{6)=FAC2% (21,9375 T X/ {30REXESTRIX) #STROXSRPY/A00N, }

STATIC RING TFNSTION
FMEP(T)=FANZ2#2,11#STROX#IINGN/ (BOREX#HADREX)

RING GAS PRESSURF
FMEP(R)=FAC2#XX® (2,3545T0X/ (ROREX#RIIEX) ) # (0. 0RASCR+ N, 1BPRCRES
1 (1.33~(G.171%STROX#RECM/5000,)))

TNTAL FRICTIONM LSS
FMEP (1) =0,
no 100 I=2.4
FMEP (1) =FMFP (1) ¢FMEP(T)
100 CONTINUE
RETURM
END
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SUgG?g}INE VGAS(RJETsHJIETs IPMy, ANGLE «VRGASIVZGAS WSWIRWVPIS,
1 F¢

CALCULATION OF THE GAS VFLOTITY SURROUDING THE JUET
COMMON /GENMT/ STROKF ,B0NRE«CONL «VCLEAR,,yCU2 ,RCUP,CYLN
COMMON /JETDAT/ WSWIRNLALPHALRFTA

RIET=JET RADINS FROM CFNTER(CM) (GIVEN)
HJET=JET VERTTCAL LNCATINN FROM CYLINDER HEAD {GIVEN)
PpMm= ENGINF SPEED {GIVEN)
AMGLE= CRANK ANGLE (DEG) .TDRT=3560 {GIVEN)
VRGAS=VELOGCITY COMP, 0OF RADIAL DIRFCTION {GIVEN)
V7GAS=VELOCITY CoMP. nF VvERTICAL NDIRECTION {GIVEW)
WSWIR=ANGULAR VELNCITY({RAN/SEC) {GIVEN)
VPIS= PISTON SPEFDI(CM/SEC) ‘ {(GIVEN)
FIWIR=CONSERVATINN ATID OF SWIRL (GIVEN)

STROKE +BORESCONLVCLEARSVCIP9RCIIPoWSWIRO ARE GIVEN TN CNOMMOM

(SEE THE INPUT 2OUTINE TO CHECK THE MZANINGS OF THESE VALUFS)
ND SUBROUTINES 8RF QREQUIRED

RCYL=BORE /2.

AK1=VCUP/(3,14)ARCYLE=RCYL)

AKZ2=VCUP/ (3.14164#RCIIP4RCIP)

ANG=ANGLE®3.141671R0,

AMGO=3,141%

PISTON HIGHT FROM THF PTSTIN TD THE CY_INDER HEAD
HIGH=SQRT (1.~ (STROKF /2 ,#5IN{AMG) /CNN_}na? )
HIGH=VCLEAR/ {3, 1416#3NRERPORE/4, ) +STIOKE/2, 4 (1. =COS(8MN5))
1 +CONL® (] ,~H[NRH)

PISTOM HIGHT AT RODC
HIGHO=SORT {1 4= (STRNKF /2, “SIN{ANGOY /CINL) 482 )
HIGHO=VCLEAR/ (3.141A%ROPE¥ZORE /4, ) +STROKE/2.# (1 ,~COS(ANGN))
1 ¢CONL#(]1,~HIGHN)

PISTOM SPEFD
VPIS=SORT (CONL#COANL ~STRACE#STRNKE /4, *STNIANG) #STN{ANG))
VPISSSTRUKE/7#STN(ANG) +STROKERSTROKE 74 ,#SIN{ANG) #COS {ANG) /VPTS
VPIS=VPIS#3,1416/1A0,#RPI®G,
XX=HIGH/AK)
1F(RJETLLT.RCUR) GO T 100
IF{HJET.LT.HIGH) GN Tn 200
VZGAS=0,
VRGAS=1,
60 TO 400

GAS VELOCITY COMPONENTS ABNVE THE PISTON( FLAT PART) .
200 VRGAS=RJET /(2,445 1)1 # (RCYL®RCYL/(RJIFTHRIET) ] o Y #YPTIS/(XXF {1 o +%XX} )
VZGAS=HJET /HIGH#VYPIS
GO TO 400
100 IF(HJETLLT.HIAGHY GN Tn 300

GaAS VELOCITY rOMPONENTS TNSIDE THFE fue
VRGAS=N,
VZGAS= (K1 -AK2+HIFT) 7{AKL+HIGH) #VP]S
GN TO 400



117

€ AS VELOCITY ~OMPNONENTS ARDVE PISTON CJP

300

c
C 6a
400

1n

an

3n
44

50

&N

VROAS=RUJET7(2.9AK1) 2 (], ~8K2/AK1) Z(XX*IXX+AK2/AK]))
VRGAS=-VRGAS®VYDRILS
VZGAS= {1 a=3CYL®REYLZ(RCIPHRCYP e (XX +14))) SHJET/HIGHaVATS

S VELOCTITY (TANGENTTAL CNMPONENT)

WSWIR= {HIGH+AKY) /(HIGHN+AK] ) awSWIRN® (A 2R IP#B,,
1 +HIGHO®RCYL#44,) / (AKP#RIUNA &4 +HIGHHRCYL®®4,)
WSHIR=WSK]IQeFSWIR

RETURN

END

SUBROUTINE CONT(XXeYYeX19Y0sXsYeN)

NIMENSTION ¥ (2} 4Y(2)

IF{M=2) 10,20,30

Xi1)=xx

Yily=vyy

XX=XXe¢ X1

N=2

RETURN

X(2)sXX

Y{P1=YY

N=3

60 TO 60

IFUIY{2)=Yn)#{vY=Y0 )} 40+504,50

X{1Y=%X
Yil)=yYy
G0 TO KO
X(2)=XX
Y(PY=YY
XX={YO=-Y{1))#{X{2)=X{ I} Z7(Y(2)=Y(1))Ie¢X(1)
RE TURN

END
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SURROUTIHE JETI(RJET sHIET1AJET 4 RIET o THER W VRIE TS VT IET s WIET » TDM,

1 AMJETWASTEP s JGTEP RPHANGLE 4PTTCHAFSWIR+WSWIR)

O0d

COMMON /GENMT/ STROKE ¢ANIE 4 CNNL S VCLE AR ZVCUR ZRCUP 4 CYLN
COMMON /JETNAT/ WSWIRNA_PHALRETALDH34AG

STROKE +RORESCONL+VCLEARGVCIP s CUP s WSWII0 L ALPHAWRETAVRHGAS APF
GIVEN IN cOMuny
(SEE THE INPUT ROUTINE TD CHECK THE MIANINGS OF THFSE VALUFS)
SURRNUTINE REAUIRFD:
VGAS
CONT
DIMENSION YX (2} ¥YY(™)
QrYP=z2.4638
RPCYL=BORE/>.
TNM=0,
AASTEP=ASTEP/FIOAT (. ISTEP)
C1=aSTEPR/ (4, 2RPM)
C2= AASTEP/{A,#R>OM)
CA=14/(ha#2OU}
VJET=SARTIVRIFTH 82 +V7IFTR#2 + (RIFTHAIFTIHED )
DO 3000 1=%,JUSTFP
RHJET=AMJET/ ( (R, 14 1R#AJFTH#O23 (], =THE/(2.%3,1416) ) +RIFTH#D
1 #SIN(THER) /2,y 2V IFTHPITIH/ (48RPY) )
ANGLJIzANGLF+FLOAT(T) #AACTEP
AMG=ANGLJI® 3. 141A/]1AN,
HIGH=5QRT {1 .~ (STROKF /2 , #SIN(ANG) /CONL) 847 )
HIGH=VCLEAR/ (1. 141A4BNREHBORE /6, ) +STROACE/2,# {1, ~CNSLAMNGY)
} +CONL#(]1,~HIGH)

C RIFT=RADTAL JFT LNCATTON FRIM ZENTER(CM) (GTVEN AND RETURNFN)
C HJET=VERTICAL JET LACATINN FROY CvlL. HEA&D (GIVEN AND RFTURNFN)
C A JET=TANGFN. IFYT LOCATION FI0M NOZZLFHELD {(GIVEN aND RETURNFN)
C AJFT=TANGEN. }FT LOCATION FIOM INJECTION NO7Z. (GIVEN ANN RETURNFN)
C RJIET=JET RADIHS(CM) (GIVEN AND RETURNFD)
C THER=CONTACTING AMGLE (PAN} (GIVEN AND RETURNFEN)
C VRJIET=JETVELOrITY 0OF RANTAL DIRECTION(CYM/SEC) (GIVEN ANN RETURNFN)
C VZJET=JET VvEL, VFRTICaL NIRZCTION(CM/SEL? (GIVEN AND RETURNFD)
C WJFT=JET ANGULAR VELOCITY(RAD/SEC) (GIVEN AND RETURNFD)
C  TNM=ENTRAINED MASS(5/GIVFN TIMI) {RETURNEN) )
C AMJET=JET MASS(G6) (GIVEN AND RETURNFEN)
C ASTFP=CALCULATION INTEPVAL JF MATN PRDGRRAMIDES)Y (GIVEN)

C  JSTEP=HOW MANY TIMES NN YOI WANT TO CALCULATE 1IN ONE CALCULATION

of INTERVAL NF MATIN PROGRAM {GIVEN)

C RPVM=ENGINE SPFED (RPY) (GIVEN)

C ANGLE=CRANKANGLE (DEG).TNC =340 (GIVEN)

€ PITCH=PITCH OF JET ELFMEMT{SIVEN INPUT XOUTINE (GIVEN)

C FSWIR=CONSERVATION RATIO OF SWIRL {GIVEN)

c

C

c

C

c

C

c
C GAS VELOCITY sURRNI IDING THZ JET

THIS SUBROUTINF IS FOR GFYTING JUFT TRAJECTORY AND AIR ENTRATMMENT

CaLt VGAS(RJET.HIET.RPM, ANGLJsVRGAS VZGAS+WSWIRW WP TS FSWTR)

1111 FORMATI(TELR.4)
(o
C  CALCULATION OF THE PARARFLL VELOCTTY COMPOINENT TO THF JET

VI=SORTIVRIFTH42 + (RIFTOAJET Y 84D +y7JrTsad )
VI=(VRIFTHYRAGAS+IJFTRa2 tWSWIRSWIF T+ VZIFTHYZGAS) ZV]
o
C CALCULATION OF THF NORMAL VILOCITY COMBINENT TO THF JET
VNMNSVYRGASH#D & (RJCTHYGWID)I#E2 sy7GAGRN,S
XXX=Vh=yTHep
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IFIXEAXGTang)} RO TO SN
VN=0.
G0 TO AN

5N VN=SART(VN=V]#s2)

&0 CONTINUF

CHANGES OF MASS aAND VR NCITY COURNNENTS OF THR JET
CHAMGE OF MASS(G)
pM= VJETSSORT(RH.IFT/RH3AS) oPHGASER I TCH/ (5, #RPM)
DM=OMe2 #3141 A4 JFTH (AL PHARARS(VIFT=VT) +BFTARARS (VN))
OM=DME (] 4 =THER/(2,¢3,14151)
DM=DM&C?
TOM=TDM+ DM
AAJET=AMUET +NM
CHANGF OF VERTICAL VELNCTTY
DVZ=DM/AMIET o (YT 5AS-V7UFT)
CHANGE OF RADTAL VFLOCTITY
DVR=AMJF T2 JET2(WwJETo2? ~RHGAS/RHJFTHWSWIR®#2 )
DYR=DVReC?
NVOe={(DVR=(VRJFT=VRGAS]) #NV) JAMFT
CHANGE OF ANGULAR VELNCTIYY
DWs ({WSWID-WIET)BRIFTADM =2 FAMJET VR JE TRWIETHC2 Y/ (AMJFTERIET)
CHAMGF OF TOTaL JFT VELOCITY .
DVS(RJFYRE2 W IETHNWeRIFTHNJET o822 #YIJFTHCP+VRIETEDVR+VZIFTHOVY)
DV=NV/VIET

NEW STATE CONNITINNS OF THF JET
VIJET=VIET +ny
WIET=WIE T anut
YRJET=VRIET+DVR
VZIET=VZJET+NV?
RIET=RJIET+yRUFTHC P
ALJFT=VIETP]ITrH/ (4,800}
VOLJE=DM/RHGAS+ (AMJFT=-DMU} /RAJFT
-JEY PADRIUS WITHOUT CONMTACTTNG ANY WALLL
BIFTO=SARTIVALJE /{3 141A%ALJET Y)Y
HJET=HJET+y7J R T22
AJFT=AUET e JETHC?

CALCULATION DOF THE JET CONFIGURATION
¥1=RJET+RIFTN
X2=HJET+BUFTOH .
XS5=HIGH+VCIIP/ (3, 141ARRCIIPHRCIP)
IF(HJFETL.GT,.HIGHY G0 Tn 100
IF(RCYL.GT,x1) 6N Tn 2an
IF(RCYLLGTLRJFTY G0N TH 305

JET 1S RESTRINTED RY THE CYLINDER WAL L(VAIET=n,)
VeJET=0n,
RJIET=1,414¢RJFTN
THER=3,141¢%
RJIET=PCYL
6N TO 2090

JET 1S CONTACTING WITH THE CYLINDFR WAL _
ann NN=n
X1=PJF T
Xaz=RCYL
GOTO 1snn
200 IF (X2 LTHTIGBHY GO TO 4nn
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IFIX]1LT«R"HY2) GN TA ann
IFIRJET LT, RCUPY GO TN 500

c

C JEY 1S CONTACTTING WITH THF 2ISTON HEAD
MA= R
XA=HJET
x4=HIGH
GO0 TO 1500

oo

JET IS NOT CONTACTING

400 RJET=RJETO
THFR=0,
GO TO 2000

100 IF{RJFETLT.PCUP) GO TN A00
SL=ABS (HJET=-HINR/H)
SR=ABS({RJET=-RC1IP)
IF{SL.GT«SP) GN TO 700

c

C- JFT 1S RESTRICTED RY THE PTSTON HFAD(VZ JET=VPIS)
VZJFT=vPIS
RJET=l.4148RJFTN
THFER=3,1416%
HJFET=HIGH
GO TO 2000

T00 IF{HJET.GT.X5) GO TH Ann

00

JFT 1S RESTRICTEN RY THF BISTON CUP(VRJZT=0,)
VRJET=0,
RIET=1.4140RIFTO
THER=3.1414
PUFT=RCUP
60 TG 2000

JFT 1S RESTRICTED AY THE PTSTON CUP ENGI(VRIET=0, AND VZJIET=VPIS)
AON VRUFT=0,

VZJIET=VPIS

RJET=RCUP

HIET=X5

RIFT=),4l42RJFTN

GO TO 2000
604 IF (RCUPLLT.X1) 6" TN ann

TF{X5,LT.X?) 60 TO 1000

o )

a0

JFT IS IN THE RPISTON CUP WITHOJUT aMy RESTRICTION
RIFT=RJFTH
THEP=0
GO TO 2000
1000 TF(XS.LT.HIFT) GO TO t14a0n
€ JFT 15 CONMTACTING WITH THE PISTON ROTTO“

C
ISIYET)!
X3=HJET
Xa=%5
6O TO 1500
C

C JFT 1S RESTRICTED Ay THE PTSTON mOTTHw
1100 QUET=1,4148RIFTH
THFO=3,1416
HIFT=x5
VZ7JIET=VPIS
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Gn TQ 2000

9nn IF(RCUP,LT,RJET) GN Tn 1200

JFT 1S CONTACTING WEITH TRE 2ISTNON CUP WALL

510

NM=0
X3I=RJFTY
X4=RCUP

6% 70 1500

JFT IS RESTRINTED RY THFE PISTON CUP wal._
1200 AJET=].414+8JET0

THER=3.1414
RJET=RCUP
VRJFT=n,

GO TO 2000

SA_VF THE CONTACTING ANGLE
15060 ITEL=]
1550 IF(RJET.GT, (X4=X3)) 50 TI 1500

RJET=X4-X3

160, ANGIS2,#ATAN(SNRT(RUFTHARIFT = (X4=X3) 2 {(X4~XT3) )/ (X4=~X3))

190n

1990
1999
2000
3000

1

THER=ANG!T

AREAL1=3,14168R JFT#R JFETH (] «=ANG]1/{2,73410416) )+ {X4=¥3}#SIN(ANG]
/2.YHRJET

AREAZ=3.141A%R.IETOBRIFTH

ERRN=(AREAV-ARFAZ?) JARFAD

IF(ABS(ERRN) L T.NuONS) (I TO 2000

Y0=0.

XNEXT=0,1

CALL COMT (AJETWERPN 4 XMEXT oY Na XX s YY NV

FORMAT {2E172,.4)

ITEL=ITFL+

IF(ITFL.GT.30) 60 TN taagh

G0 TO 1554

WeITE(H.1999)

FORMAT ('STNP DIFE TO THE IJVER JTELATIONY)

CONT INYF,

CONTINUE

RFETURN

EMD
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SURRPOUTINE QPFRA

THIS SUBROUTINF IS FOR NPERATION NF FACH 2ROCFESS
COMMON/ERPAR/ TECHE (100) «EFUFL{I0N) 4 TANGL (100) oFUWT(1NN) »
1 DHFUEL (L10DD) 4DHLDS(1AN) W ITEMASI100) 4 DOEMAS{LIDN) &
1 FRGASIIND)Y «ECPLINN) oFENTHIR,1NAN) «FAASS (R 1NN +FENUT(RL10N)
1 EVOL(B100) oFTEVP(R10ON) «PLYI {R)
COMMON /STATE/ ANGLF1<ANGLE s JNONDASTED(NSTFP,IF
COMMON ZFUFLP/ FUEL«F¥CALYZMe7N+PSTaSAFCaVACAL
COMMON /TIVIG/ AINTOAFXTOWATNTCAEXTCoAFUCLS ¢AFUFLE
COMMON /OSNPE/ LOT INP . INECOSLINESTSITELLITEL
COMMON/ZCONTLY ASTIMASTOLsASTCAASTEX«ASTOVPRININWPRINCL «PRINE X 4
1 PRINOV
COMMON /STAT1/ RPM.JLASTNJET«PHIN, KGR
COMMON /HETR1/ PRASF+THASE s VBASF«COHTL4COHT2 W COHT W IHR (1 D)
COMMON /GENMT/ STROKF LaNIEsCONLVCLFARGVCUBGRCIP G YLN
COMMON /5Uv2/ TTGINT«TTRIXT+TTNFXTTTUHTRILIN) « TOHMTR(1D) P8
COMMOM/INF 07 NINEF o X TNFT (203 4 YINEF (20) 4 ARSTINDWPINTTINT 4G INT,
1 FQUINTLARCINT XNV
COMMON /AMRTE/ TAMA,PAMRB
COMMON /NOXS2/ CONNDLIONA) «PPMNN(L00Y s WNG(100) « SUMRM(1N0) o PPMEXT
ANGLE=ANGLE +ASTED
IF (ANGLE=-A~XTC) IND+1P0+120
100 TF(JCOND=1) 11N.9000.9000)
11n IF(JLAST.ER.1}Y GO TN 117

SET THE LAST COMPUTING STEP
ASTEP=ATHTN={ANGIL_E-ASTER?
ANGILE=AINTN
JLAST=]

G0 TO 9000

INTAKE AND EXHAUST VAIVE OPIN
117 JCOND=]
JLAST=N
ASTEP=ASTOV
LINFST=IFIX (PRINIV)
LINECO=n0
WRITE(LPT.7000)
WRITE(LLPT47010)
WRITE(LRT7020)
WRITE(LPT.7030)
GN TO 9090
120 IF{ANGLE=ATNTC) 13041404140
139 IF(JCOND=2}Y 150,9000.9000
190 IF{JLAST.EN.1) GN TO 157
ASTEP=AFXTC- (ANGLE=-ASTE®)
AMGLE=AEXTr
JLAST=1
G0 TO Q00n

TANTAKE VALVE NPENS

152 JCoMD=2
JLAST=n
ASTEP=ASTI
L TNFST=IFIx(DPBINTN)
LINECO=n
WRITE (LT 720n0)
WRITE(LPT.7010}
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WRITEILPT,7270)
WRITE(LPT.723M
G0 TO Q9000
140 IF(ANGLF=-AFUELS) 16041704170
160 IF{JCOND~3) 1AN9000.0NND
18n IF({JLAST.FN.1) GO TG 1R2
ASTEP=ATNTC - (ANGLE=-ASTEP)
ANGLE=AINTC
JLAST=1
GO YO 9000

COMPRESSION PROCFESS
1A> JCOND=3
JLAST=p
ASTEP=ASTCL
LIMEST=IFIx (PRINCL)
LINECO=n

" CALCULATE THE OVERALL FMIIVALENCF RATTO

PHIO=N.5

po 172 I=1.4

FRES= (FMASS (24 1) =TTIGINT) #PHIN/ (SAFCe 1)

FEGR=TTGINT4#PHIO2EGR/ (SACe],)

PHIO= (FUEL +FREG+FEGR) / (FYASS (241) ~FRIS+FEGR) #SAFC
17?2 CONTINUE

CALCULATE THE VOLUMETRIC EFTICIENCY
NDEL=ZN/7M
CALL UPROP (PAMASTAMA N, s JEL+DST 40, 9DIMeDUMIDUMDUM s DUM, DUM,
1 DUMGRGAS UMY
DISP=3,1616/64.#BORFH#RNREHSTINKE
THMASS=PAMRSNTSP/ (RAASETAMB)
EFFVOL=TTGINT/THMASS

CNPRECT THE ENUIVALENCF RATIO OF CHARGED AIR
EEOUI(2.1):tranoFFGQ)/(EMASS(2-1)-raEs-FEGD!banc
TRASE=ETEM2 (241}

PRASE=PCYL (2}
VRASE=EVOL (2+1)

NOX CONCENTRATION FNR CHaRGID ATR
COMNO(I)=(=MAS§(?.1)-TTGINT)/E“HT(])»PDMFXT/lnnOOOO.
1 +TTIGINTHFRP/EMUT (1) #PPUIXT/1000000.,
PPMNO (1121000000 ,4CANND {11 #EMWT (1) /FVASS(241)
WNO(11=30,2CONNO(])
WRITE(LPT.+410N0) PHIN
WRITE(LPT+s120)Y SFFVDL,
WRITE(LPT.R140AY TENYT 1241}
WRITE(LPT+A160) OPMNO(1) +WND (1)
WOITE(LPT s 7400)
WRITE(LPT.7010)
WRITE(LPT. 7420
WRTTE (LPT«743M0)
~0 TO 90N0
170 IF (ANGLF~AEXTN) 190+200,200
190 IF{JCOND=&) 21Nn41924107
197 TF{ANGLF=AFUFLF=20,) 3nnN«300N.194
196 ASTFP=ASTCL
[0 Y0 900n
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210 IF{JLAST.EQ.1} GO TO 217
ASTEP=AFUEL S={aANSGLF-A8TF )
ANGLE=AFUELS
JLAST=1
GD TO 9000

C
C FUEL STARTS Tn 8F [NJFCTFD
C CHMBUSTION ANN EXPANSTON

217 JULAST=0
JCOND=4
ASTEP=ASTCR
LINFEST=IF1v {PRINCL}
LINFCO=n
WRITEILPT 7600
WRITE(LPTs7010)
WRITE{(LPT+7620)
WRITEILPT+7630)
6N TO 90600

200 IF(ANGLE=ATNTN-7PN.) 22Nne?30,4,230

2720 IF{JCOND=5) 24n.+3NNN.20n0

240 JF{JLAST.EN,1} (D TO 242
ASTEP=AEXTN={ANGLE~-ASTEPR}
ANGLE=AEXTN
JuLAST=1
60 TO 9000

C
C FEXHAUST VALVE OPFNS

247 JCOND=S
JLAST=D
ASTEP=ASTEY
LINFST=IFIX(PRINFX)
LINECO=0
IF(TIELEQ.YY GN TN P4an

c

C CALCULATE THE TOTAL MAss AND  ENTHALPY
TENTH=0,
TMASS=1),
no 7320 I=1.1F
TENTH=TENTH+EFNTH {2 T) #FMASS (2, 1)
TMASS=TMASS+EMASS {2, I

T32n CONTINUE

C
C CALCULATE THE AVFRAGE FNTHA_PY
AVENT=TENTH/TMASS
C
C CALCULATE THE AVERAGE TEMPERATUIRF
C FIRST FIND OUT THE ELFMENMT AHICH ENTHALZY IS CLOSKE TN THFE
C AVERAGE ENTHALPY

NFNTM=1000,
11=1
DO 7330 I=t.1F
DENT=ABS{AVENT=EENTH(2,1))
IF(NENTM.LT.DFNTY G0N TO 7330
DENTM=NENT
11=1

7330 CONTINUE

C

€ DNEFINE THE MEw PRAPERTIS
ETFMP (241} =FTFUP (24 I1) + (AVENT-FFNTH(?+TT)) /FCPIT])
FFOUL{241)=PHIN
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FENTAH(2«]1) =AVFNT
FMASS (24 1)=THAGS
CALL HPRODI(OCY| (2) 4FTFMP 2311 +FFOUT (2011 o071 o PSTSFNTHLPHCSURP,
1 CSUBT«RADDRHANT « NRHNDP s EMWT (1) «F2GAS{1) »CVRGLEBGR)
ENP(1Y=FRGBAS (11 /4] . 46+0VB6
EVOLI(2s]1)=VvCYLN
IE=1%
(o
C NOX AMOUNTY WT| RFE NEFIMFD.
C FXHAUST NOX ON MASS BAGFE
ANDXEX=TWNN®TTRINT/TUMAGSRRPY/120,
WRITE(LPT.740)
WRITE(LPT +7347) PCYLIPYZTEMP {2 1) eETOUI(2y1) «FFNTH{Z201) »
1 EMASS([P+1)
WRITE(LPT+7450) TPPuyANNXEX
7340 FORMAT(//+10X,r2808FxPANGION PRNCESS IS CALCULATED AS OME FLEMFNTH#
14}
73472 FORMAT (15X ] BHPRFSSURF = WF1NaPc'ATAT 4 /0
- 15Xy 18HAY, TEMOERATURF = «F1l0.,149< NDEGY4/a
F10, 3470
SFIN.24'CAL/GY,
Fl0.h4y1GY)

15X+ 18BHAV. FNTHALPY
15X+ 18HTOTAI, MASS

264 CONTINUE
WRITE(LPT»7RNN}
WRITE{(tL.PT+.7010}
WRITE{LPT 7820}
WRITE(LPT.7230)
GO TO 9000

23n JCOND=S

Q000 AMGLE=ANMGLF-ASTEP
RETURMN

A10N FORMAY (/7 10Xy tOVERALI FIAUVIVALFNCE RaATTO =r,F17.3)

120 FDRMAT(10X.*VOLUMETRTLC FAFICIFNCY=9.712.3)

6140 FORMAT(10XJYCORRECT CHARSED AIR PHY ='.Fl2.7)

R16N FORMAT(10X.*INDUCED AT &ND RFG, GAS MDXVe/,
1 15X tPPH =0, F12.]1+5X4tMASS =0,E12,3:1G)

7000 FORMAT(1H] .SX4*INTAKE ANMD EXHAUST VA_VE OPENT./)

7010 FORMAT {lH «'0HT3UT NATA')

7020 FORMAT(2X L4HTHED 23X et P 33X 446H T ¢3Xe4d Vs INJAGHWORK,
1 IXTHCYL.MASe3Xe1SH HEAT  TRAMGFFEP 46X+ 4HAEFT«3X46H GWIsSXe
2 LHAEFF 3% LM RWE)

7030 FORMAT(PX «4HNEG »3X«4HATA ¢3Xe6H X a2XaS5HCMBEY,3A44H PS
1 IX+7TH K6 «IXe15H CALZA CAL  +3X4SHCM#a2, X GH R/SebX,
? SHCM#42 33y 40H (/54/)

7200 FNRMAT (1H] «SXe*INTAKE VALVE 0OBFNY,. /)

T220 FORMAT(PX 4HTHED s 3XeaH P 23XebdH T o3Xa44 V 243X 4HWNRC,
1 IXeTHCYL . ASsIX415H HEAT  TRANSFER(OXGGHATFT ¢ IX G GWT)

7730 FORMAT(2K «4HDFG «3X+oHATE 43Xa4H K +2Xe54CM#E343Xe4H PS o
1 Ux o TH L) s IXW1GH CALZA cal, e HX G SHCUS#2 IX  4H (/S /)

7400 FORMAT {1H]1 SX« 'COIMPRFSSTON 4 /)

76720 FORMAT{2X (GHTHED«IXeaH P 43Xe4H T +3Xa4H V 43X 4 4HUNRK,
1 3X¢THCYL . M8Se3X415H HFAT  TRANSFFR.TXG4HFSWRIXGHSLRT)

7630 FORMAT(PX oGHNFG « W 4&HATA ¢3X4aH K +2XeSHCMPRI AN GH PS
1 3X+7H G «3X1SH CAL/A (of N 11X e 3x4HoRDY)

7450 FORMAT{//« 10Xt B0EYHAIIST NOXandt e/,
1 15X 1SHYDX CONCFN, = GF1N,14'PDUY /7y
? 15X 415HTNTAI MAGS = 2212, 30051)

7600 FORMAT(1HI «SX< tCOMAUSTTIAN AND FXDANSION® /)

TAEPN FNEMAT [PX44HTHFN g AX  tORESS I QX o 1DGT1 4 TR o IFSATR I o TX 1S, BTV 7%,
1 YPPMI (OX 4 tWNDS /0] X

1
? 15X 18HAV,. FRUI, RATID
3
&
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1 FHNDM G LR g PHE B, I e HT o AV 3N 4HATEM G AX 4 4HA AT,
1 3!.‘0HMA‘3‘3.3XakH:’MnG.‘IX.‘*HBWAQ. 3x.£l"‘ V OB!OQHFQUI'.?!Q‘}H CD.
2 OANGHHENTH,, X a4H PPMaIX J%H WANN 1 X, ]84 JET LOCATIINS 21X,
1 4HRJIETF S LXWSHCLANG #4PXe6dH. T, )

T6AN FORMAT ( BX,4XstH K 2AX.%H K 3XeaX +3x44H MG IAXG4H MG
1 IX44H MG 2K SHOMaRT, TXe2XSHOAL /Re2X4SHIAL /Ge2X 44H PPM,
2 IXeTHG#I0886 1 X SHP (MY} s 1X4SHTICH) s 1XsSH DEG 42X46H £M 42X,
3 4H DEG2Z2Xead CAL)

7800 FORMAT (1H1.5X«'EXHAUST YALVE NPEN' ./

TB20 FORMAT(2X J4HTHEDsIX 4 P o3XeaH T »Xséd ¥V 43X 4HWIRK,
1 IXWTHCYL «MAS 3N IGH HEAT  TOAMGFERSXGHAEFF 4 AX g4 GWF)
END
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SUARDUT TNE FXPNR

EXHAUST PORT ~aLCULATINM
THIS PROGRAM WAS OIGINALLY MANFE USING METER-G UNIT

COMMOM/FEPRAP/ TECHF EINNY sEFJEL (100) 4 TANGL (100) EMWTIINND)

1 DHFUEL (100 «DHLOSIIONE JITEMAS(I00) o JOEMASLINO]) »

1 ERGAS (100 4ECP(100) +FFMTH{A,1NN) (FYASS{AR4100) FEDUYL(R,10N),
1 EVOL(RGION) WETEMP (R 10N 4PCYL (R)

COMMON/ZEXFI O/NFREF yXTXEF(20) « YEXEF (20) o AREEXN 4 PEXT S TEXTsGFXT
1 IGLEFTSTLEFTOEXT+OF| OWeELEFTJARFFXT o XEXV

COMMON /STATE/ ANGLF1«AMILE s JCOMD G ASTEPNSTEPTE

COMMON ZTIMIGY ATNTNGAFXTOGATNTC+AFXTCLAFUS_S+AFUFLE

COMMON JFUFLP/ FUELWFKCRALsZMe7MePST ¢ SAFCeVACAL

COMMON /STAT1/ ROM, LASTsNJZTWPHINESR

IFAPEXT=PCYL{1)) SN4BN.RD

FXHAUST FLOW 1S5 FROY CYLINDER TO EX, PDRT
P VALUE DNESNMY'T CHANGE wir-.

cn

CEXT=~1,
PHIGH=FRGAS (1) #G,R
PHIGH=PCYL(1)®10000,
PREX=PEXT/0CYL {1}
EHIGH=FEQUT (141}
IF(IGLFFT) 51451.57

IGLEFT=1 THFRE TS RESINUA. GAS
IGLFFT=0 THFRE 1S NNT PESIDUAL GAS

s?

51

THIGH=ETEMP (1.1}
AKCYL=1,34
AKHIGH=AKC Y|

G0 TO 100
THIGH=TLEFT
PHIGH=FRGAS (]} #Q,A
AKLEF=1,34
AKHIGH=AKLEF

a0 TO In0

EXHAUST FLOW 1S FROW Fx. PORT TO CYLINDER

&N

PHIGH=ERGAS(]1}%9.8
CEXT=1.
FHIGH=FFAQUT (1. 1)
PHIGH=CF XTs1N0N0N,
PREX=PCYL (1) /PFXT
THIGH=ETEMD2 (141}
AKEXT=1.36
AKHIGH=AKEYT

CALCULATE THE EFFFCTIVF FXHAUST FILOW ARIA

100
150

140
200

IF(ANGLE=3580.) 150415041560

ANAE= {ANGLF~{AFXTO=770,) } /{AEXTC-(AFXTI=T720.)}
G0 TO 200

AMAF = {ANGLF~AFXTH) Z{AFXTC-AEXTN+T20, )

CALL TWODTIW(NEXEF 4 XEXFFYEXEF « ANAE 4 AREFAC)
ARFEXT=AREFXD®ARFF AL

AREFEXT=ARESXT/100ND,
PRCRIT=(2./1AKHIGH+] ) ) 8 (AKHIGH/ (AKHIGH=1,)}

CHECK WHFETHER FLOW 1S rHOKFD 03 NOT

IF{PRCRIT=PREX) 30N«3INQe310

CHNKED
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310 PREX=PRCRIT
C
C NFXT FQUATION IS RASEN AN MITEQ —wi UNTT
ang GEXT= SARTIABS (2. aKH]IGA®9 8 /RHIGH/THIGH
1 Z{AKHIGH=1.) 2 (PREX®® (2, Z7AKHIGH) ~PRFX¥* & [ {A<HTIGH*1 )
2 SAKHIGH) )Y '
GFEXT=OHIGH2ARFFXT /A, /RPUBRGEXT
GEXT=CEXTH#AFXT
GFXT=GEXT®#1000,
ARFFEXT=AREFXT®10000,
IF(CEXT) 410+4104600
410 TMANI=THIGHePREXe6 [ (AKHTSH=1,) JAKHTGH)
OFEXT=GFEXTHENT{TUANT FHIGA2SAFCH
GO-TO 1000
400 NFXT=GEXTRENTITEXT+FHIGHSAFC)
1000 RETURN
FEND
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SUBROUTINE. VOLCY (ANGLF s ¥TYL sDVCYL +STIOCE«BIRE +CONL « VELF AR W VEUP)
PAT=3,141593
ANGRAD=ANGLE®PAI/Z1AN,
HSTROK=STRNXKF /2,
DFLTA VOLUME CALCULATION
DVCYL=PA[#Q0ORE#02/4 8 (HSTRIKHSTN(ANGIAN) +HSTROKIBPUS TN (ANGRAN)
1 #COSUANGIAD) /SART{CONLBO2-HSTROK#22*SIN(ANGRANDI #0211 #PAT/1RN,
VALLUME CALCULATION
DISTTR=CONL#{1.=-S00T (1.~ {ASTROK/CON| ) #824STN{ANGRAD ) #e2))
I +HSTROK# (] .,~COS(ANGRAN))
VCYL=VCLEAR+VCIIP+PAT#ROATYBORE 74, #DTSTTR
RETURN
END
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SHBROUTINE TWONIM{NGX Y XINsYNYT)
DIMENSION x{1)4¥Y({1)
ANUMMY=XIN
IF (XDUMMY=X (1)) 51048104910
510 XDUMMY=X (]}
Rln COMTINUE
TF{XDUMMY<% (N)) R20.R20,520
520 XDUMMY=zX (N)
820 COMTINUE
J=0
J=Js+]
IF(XDUMMY=X{ 1)) Je243
YOUT=Y (J)
GO 10 &4
1 YOUT=Y (N = (X {JY=XDHMMY) ZIX (D) =X {J=1)) % (Y (J)=Y(I=-1})
4 RETURN
EMD

RV RV, )
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SUBRJIUTIMNE HEATR

HOAT TOAMNSEFD FALGHLATTAM

COMNUIFRRARY TEOHF (100 SEF JEL 1NN} « TANGL (10ONY «FMUT 1IN0
1 NHFUFL (100 «NHLASTINNT JITEMASLINA) fDUFMAS(INN) o
1 FIGASIIN0 WENPLINNY W FFMTH{G 1NN} 4 FMaSS{RINNIFENUHT IR ION) 4
1 FUYINL{He10P) JFTFUR (R, INNY PO (R)

COMMON ZSTATFZ AMRILFY o AMSLE e JCAND L ASTED (NSTFD, [F

G0N 2STRT1Z BOM, ILASTsNITIT«PHINGF 3R

CAMMUN FGENMTZ STRNONF L3N s ZONL o VOLF 6R W YEUD G REHP L CYLN

CNVHON ZHETRS/ MOIVTINZTUITAL {10) «DHTRC{10) LARF (10}

COMMOMN LUFTS/ OJFTIGN) 4HJETIGN) AT {HN) «RJFTIG0) « THED (SO o
1 WRJETISN) o VZJIFTIS0) «MUFTISO) «VUETISD) g ATHNI(SD) «RHIETIS0)
2 DITCH(SN)

COMMOUM JSUDARAS Y/ FSUTR (WS N]ReSNECAY

COAMMNOLL JHETRT/ PAASKE ¢ TAASE W VBASF ¢ ONHT L COHT2,COHT .AHR (10}

NIMEMSTON QATCNZ(10) HTT 1)

ANGRAD=ANMG £#3,161R /100,

CALL VOLCY (ANGLE «CYLV DM STRNCFJANRI+CONL 4 VCLF AR, VCUP)

GFT THF H,Te. ARPFA NF CYLINNIR AALL

ARF (2) =(CYLV=VyCiIP)#4, /RDIRE
no 200 1=1."MNTv1N
NHTRC(T1)=0,
P00 COMTIMIFE
nn 202 1=1.71F
neLnsS Iy =0,
202 CONTINUE
HTICONI=COHTRTN 14, #RNOF 6 (=0, 2} #PCYI_ (1) #80,8/{P,16%]10,78ARDDMY)
GO TN (2104210 42P04220,210) 4 Jroxn

[eFHTROS[C TEAREDRAT)RE
2720 PISFN=RPRASFO(VRASE Z/CYt V) ##]} .37
HTICONZ2=COHTI# (STIOKRFoDPA/30,)+100,2COAT2#Cyi VeTRAGE / (DRASF
1 #VRALSF ) #({2CYI (1) -PTSFN)
AN T 230

FND DPNCFSS =« INTAVSF¥Y-ausT AND VALVF JVERLAD
PIn PISFN=Z2OYLIT)Y
HTICOMP2=CNHT ) # (ST20KF#D3U/ 30, )
238 roMTINGE
non 340 1=2.8M01910

N,a TS A ADSISTING FarTnD
HIFCO2 (1= (ATEN2e W ReHAw T 8N 4) #nlteR

Ann FONT IMOF
TFILL=D
IF(IE.FN«1Y 5N TO 100N
TaDVa=h,
nn 25060 d=141F
I+~
IF(E.¥0.]) N 2120

TF ARFA AF )T CAMTACTIMA HIT- walL

APFATH=O JET (TS THITHE (TN 72,1428y 4T (1) #2TTOM(]) £ {/, 8RO
TARFAzTARF A+ ADEATH

CUrry WRE TS TAF BTSTNAN 2 18 £ L 91TA JFT FLEMFNTS Do NOT
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o
¢ P1
209n
2190

P14
21>z

211n

r

c Fn
2120

2114
290N
1990

190N

apnn

132

IFITAREALGTLAPF (4) ) AN TH 2090
QTARPEA=ZARF ID) + AZF () +AIF Q) ¢+ ARF [ARY+ARS(T)

PISTNY CUP IS NOT FTLLFN WITH JFT FLEWFNTS

DHLOSTIIYSHTCONYRETFMR (] 1) 20 (=n 5 a-ATCO2(6) #ARFATY®
1 (FTEMD({]141)=TH4ETAlL {6G))

NATRC (&)Y =NaTRC () +nHELNE 1 ])

ARTRC L]} =0GT2r (1 enNRHINS])

aD TN 2900

STNN CUP IS FILLED WwiTH ET ELFMENTS
IFILL=1
AATARFATHESTCONIRETF AP (1 1) *8 {-n57)
OTAREA=ARE (2) «ART (1} +ADPF{S) ¢ARF (R) +4RE(T)
ne 2110 JJi=P«NDIVIN
IF(IFTI LaFN,N) BN TN 2112
IF(JJFRaY 50 TY Pitn
HTI(JJ)SAASARE (J)) ZRTARPIZASSTAN2{ ) N HIETEMS (1. 1) =TYETAL LI N)
NRTPC L1 =AHTPC (1) +~4T T LI
PHLGSCEY=N-LNS T +HT T ) 1)

NHTRC LI =NATIC (VY +HTI ()0
CONTIMJE
A0 TOD 2900

Q FIFMFNT 1
YYZARE (4)
IFIIFIILLaENLNY BN THh 211%
BAS(ARF (P21 +ABF () +ANE (4 +ART(R) +ARF (S) +ARE (7 ) =TARFA) #HTCOMY #
1 FTEMP (14198 (=0,57)
PTAREA=ARE (P) +ARE (1) +ARF [S) +ARF (H) +aRE(T)
N TD 2116
RPTADEA=ANE (P} +ARF () +ARF{S) +ADF () +A2E (7)) +ARE (4) «TARF A
xY=ARE (4)
APT [4)=ARE (64} =TAIFA
AA=PTARFASHTCONISETFUP (1+]1) ##{-Nn,57)
a0 TO 2116
ConT e
ARF {G}=XYX
nN TO S0NgQ
HTCN] ] =HTCAMNI#FTFMP (1 ,]1) *# (=0 ,53)
ND 1900 JT=2.N01Y1D
OHTRCITISHTCON1#4ATeN2 (FY R (ETFMP (] 4 1) =TUFTAL (1)} #ARE ()
AHTRC 1)} =NATIC (1) +RTRC ()
COMTIMYFE
NHLNS (13 =0-T301])
RFTUPH
FHn
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SQURBOUTTINE NELTAIDVOY! «ENTINT)
COVMONM/ERPONRR/ TECHE (INN) CFEF JFE (10AY ¢ TANGE (100) (FMITIINA) o
1 NHFUFLULON) sBHLOSIINN) 4 JIEMAS(LINN) « JIFMAS (10N &
1 FORASEINNY JCro(100) «FFENTH{AGINNY yFUASS (R JON} +FENUT (RL1NND
1 FYOL(RWLOM) «FTEVP(A4100) «PCYL (R)
FOMOM SSTATEZ AMGLFY ANGLE o IGNNDGASTEO (MSTER, TF
COMUONZFXF ! N/AHE XTF o XEXFE (20) o YFREF (PN} e ARES XD 4 OFXTo TEXTHGFXT,
1 IOLEFTTLEFTWNF AT «NFL IWeFLEFTHARFEXT e XEXY
ATMENSION A0 (1AN) «HFNT=H(100)
ad=hr AR
nn 50 I=141F
DALY =NHFUSL (T ="HI NS¢ T
HFMTALTY =FEMTHET W 1)
snh COMTINUFE
FHTAYL=HENTHI(L)
AA=DQA(1Y+QFL DY -{DTEMAS ({)}) -
1 DOF4aS(1))yeHFNTHE(])
AA=AASEVOL (141) Z(EMASS {1« 1} #FCP (1) 4FETEMP (1,41} )+ (DTEMAS(])
1 =DOEMAS{1)) /FMASS (14 E)#IVOL(L.Y)
RP=FVOLIIe1}*FYNLIT1+1 Z{EMASSI1al)RFCPL1)IRETFMP (] 4]1) ¢4 ))
1-FVYODLt141) /7PCYL ()
IF{IE.LT-?) GO TO 2nn
nY 100 1=2.1%
AA=AAEVUL (14 TY Z(EMASC (11} HECP(TI0FTREMP {1, ) )HL{ONL(T)
1 +DIEMAS{IV#H4FHTH())  «NDJEMAS(T)BHENTH{T) < (NIFMASLTD)
7 =NOCMAS{IV ) CHFNTH{TY) +(0IZUAS(ITI-NIEMAS(TI I ZEMASS(1.T)
3 HFVOLA(ls1)
ap=RA+EVOL (1o TI#FVM (14 1) Z{EAASS ({1, T}YRENP(T)
1 “FTEMP (Ll T} #a 1} =FVOL (T /72CYL L)
100 cOMTINGF
2NN PCYL (3 =(0vCyY -a8) /H3
FUOL {3411 =5VDl {1413 Z(EMASS (1ol 4FEP () Y4ETEUP (Y 41 ))
] #ANQ(1 Y+ O -(NTFEMAS (]}
PNOFEMASLIIVEARENTALTY )+ {DIEMAS (1) =-NIEMAS (1)) /FMASS{] 41}
T RO (1ab)+{FVOL 11 #FYOL {14 1) Z(FM! 55 (1] 1RECRP{]IRFTFMD (] 41}
& BA N ~FYDLt1]) 720V (1YY RHCYL ()
FTFMB (34 ]1) =FTEAR (] 4118 {DIYL L) /PCYL TV +EVOL {31 ZFVDL (1 1)
1 ~(NIF4AS (1 )=NNF¥AS (1)) 7IMASS LT W1
FMASSI241)1=NTFMAS (1) ~NOF A65{ 1}
FFMTH( 311 =Fre 1Y #FTEwD (341)
IFITE1.Te2) A7 TN 4nn
nreoang 1s2.1¢
FUNL (Y0 T)=EVA (1 1) Z{PTMaSS{LTIHECR(TIRETEMP (14T}
18 (N1 +NHIEMAS I #EEYTHY)  «NAEVAS{T) 2aHENTH(T) =({NTFVMAS{T)~
P OWIFAASITINRATMTULTIY + (DMEMAS (T =NNTYAS(IYY/FMASS )W T)
U AFVIL AL« T+ (FYAL T aTYBEVOL {14 T)A(FMLSES (1« TIHECP(TIHETFMP 14 T®AD
4 =Fyul (1eIV 2oyt oy ()
FTFME (Fa ) sFTFR {1 o 1Y (DTYL (A} /PCYL (1) sEVOL(RG TV /FVOLIY D) =
I INTIEAS (Y =NOFMAS{TIV/Z8Y0SSEaT) )
FHASS (34 [)=NIFUAS (T} =NNFVAS(T)
FFHTH{ T4l 1 =FCPRITI#ETEMD2 T4 ])
An cOMTIRHIF
40N CETIF
FHO
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FUMCTIONM ENT(T<FaXxx)

TN CALCULATE THE FMTHALDY N GAS AT LW 2FSSUPF (T<|AAN K)

T4IS SUAROUTINE 18 JSFN FNO CALCHLATING THE ENTHALPY OF IMITIAL Gas
THSINF THE CYLINNED. INTAE AJR AMD FY48)ST 548,

TT IS RECOMENAFD THAT M, MaRTINGE PANGRLUS QE JSEN FNR HTRH PRFGSURE
nD HIRH TEMEFRATIIRE GASES,

SAFC=14,4
IF(FLTL3.01)  GY TN 100
AF=SAFC/E
a0 TO 200

lﬂfl -b.r=0-

2nn COMTINUF

IFIT=P00«) 1041020
10 FUT  ==0,405671 +N, 247375347 S0, 1A450RFE-4aTe4? +0,1579R4F=7
1 #7483+ PSAVTPE~1NRTHRG = | TQ7ATI-134Tuas
IF(AFY 99410.4n
40 FNT  =EMT + (14,9507 =N)125357#T  +0.,769T7T10F=-32Te82-n, 5] 75R5F -5
1 #Teeay LN ,5Q059Q1F-1n=T¢%4 40, RIIITIFE=-130T0eg ) /(AF+1,)
RETUIRM
20 FNT  =1143176 +0,19n7558aT +0,AITAPSFE~48TRG2 =, 1BP173IF-T#To8a]
1 +0,2P3445C-)4#Tann
IF(8F) 99.09430
AN FMT =ENT +{=42,2372 +0.1398924T +0.BT71213F~4uT#82 +n_ ADNARPAF-7
1 HTRET LN, 2AA54GF-1N0THH4 +n FQLASTF=144Ta8S J/(AF+],.)
99 RFTIHRN
EMD
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Coangnbosdetadattonss YERGTOMN 1.0 #ee §/20/774 20daa000ndtaiddescaostsne aky
SUAROUT INE HEOROD

PURPOSE ¢
TO CALCULATE THE SPECIFIC EMTHALPY NF THF PRODUCTS OF HYDRO
CARRON=-ATR COMBUSTTION AS A FUNCTION 0OF TEMPERATURE aND PRES
SUREs USING AN aPPROXIMATE CORRFCTION FOR DISSNCIATTON,.
THE PARTIAI DFERIVATIVIS OF H WITH RESPECT TO THESE VARTARLFS
ARE ALSN CALCULATENR, ALONG WITH THE GAS DENSITY AND ITS PaAR
TIAL DESIVATIVES

USAGE:
CALL HPROD(P s ToPHIWDELPST 4FNTHLP +CSUARP 4CSIIRT 9 RHO«DRHODNT 4
NRHONPY
DFSCRIPTION OF PARAMETERS!
GIVEN:
P - ABSOLUTE PRESSURE OF PRONJICTS (aTM)
T - TEMPERATURE NF PRODUCTS (JEG K)
PH] - EQUIVALENCF RATIO (FUEL/ATR RATID DIVINFD BY THE
CHEMICALLY CORRECT FUEL/AIR RATIOD)
DEL — MOLAR C:H RaTIO OF THE PRYOUCTS
PST - MOLAR N:0) RATIO 9F THE PRIDUCTS
RETURNS:

ENTHLP= SPFCIFIC ENTHALPY 0OF THE PROODUCTS (KCAL/ZG)

CSUBP - PARTIAL NERIVATIVE OF ENTALD WITH RESPECT Tn T
AT CONSTANT P {CAL/G=NF3 %)

CSUBT - PaRTIAL DFRIVATIVE OF ENTHLE WITH RESPECT Tn P
AT CNNSTANT T cesm

RHO = DEMSITY OF THI PRODUCTS (G/cod

DRHODT~ PARTIAL DERIVATIVE NF RHD wWITH IESPECY TO T AT
COMSTANT P (G/CC-NEG X)

DRHONP- PARTIAL DFRIVATIVE OF RHD WTTH RFESPECT TO P AT
CONSTANT T (/CC=ATW)

REMARKS:
1) ENTHALPY NDATUM STATE 1S AT T = 0 ABGOLUTE WITH
02.M24H? BASFOIIS AND ¢ SOLTN 3RaPHITE
21 IN CASE nF PRORLEMS CONTACT MI<E MARTIN AT 253-2411
(RNOOM 3=333 M)

SUBROUTINES AND FUNCTTON SU3PRNGRAUS REQUIIIED:
DERTVSCLDPRN

METHOD:
SEE MARTIN R AHEYWNAND TAPORAXIMATE RELATIONS FDOR THF THFRMO-
DYNAMIC PROPERTIES 0F HYDROCARBON-AIR CHOMBUSTION PRODUCTS®

oot d et opttattootbopotdttrpottagantoapdiosans 2ot nsbntoan SO

OO0 00O000AO0O00O00000000000000000000000000D0N0N000N

SURRAUTINE HPRNOD (P o TePHT+DELWPST4FNTALP W CS APy CSURT 4 RHO+ DRHONT «
1 DRAONIP . AMWT 4 RAVG« FYAVG ENFRGY)
LOGICAL RICHCLFANSNOTHATANDTWRMNOTC_D

INITIALTZE PARAMFTRERS USID Iy THE CA_CULATION

300

DATA AHFCOP¢AHFHPN AHFCN/ =93 ,9045,=57.103¢~27.200/
NATA ROYR2/,99345F -1/
NATA TCOLNLTHOT /Z1lnnn, 1100,/
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RICH
LFAN
NOTHOT

PHI .GF. 1.0

«NOT, RICH

T «LTs THNT

NOTCLD T AT, TCOLLD

NOTWRHM +NOT,. (NOTCLD LANDe NOTHOT)
EPS=(4,2DEL)/(1e + &4,#NEL)

HSF SIMPLE ROUTINE FOR | .OW TEMPERATURE MIXES

IF (NOTCLDY GN TN §

CALL CLOPRDI{P«TePHTWNFL ¢ 2SI +ENTHLP yCSUAPsCSURT s RMO 4 DRHODT o
DRHODP s JER AMWT )

GO TO 30

CALCULATE FRUILTISRTIUM CNNSTANTS FOR JISSOCIATION.
(NOTE THAT UNTTS ARF TNVIRSE PRESSURI TO THE 1/2 POWED)

AK1
AK?2

#39E-4 & EXP(-,3#F3S + 34000,/T)
2 14E=3 & EXP{1.3#F25 + 2900n,/T)

CALCULATE A+ Xs Yo AND U AS IN NOTES
A = ((2.~ FPS + PST)/(4,%PRAKI®AK]L) ) ®#({,.333332333)

Tl = 2.- E25 + PSI
T2 = 1. % 2,81
T3 = EPS*®A

X = A®{3,8T] « TR2T)/(3.8(1a¢ 2,8T3)°T) + 2,2T287T38T3)

Z = (1= Pal)/x

IF (RICH) Y & X/Z({)lq= LhGHZ + ,3n07au?) .

TF ILEAY) ¥ = Xe{),.+ 7 + J3Re7ee2)/(), + [3A%7) = (1, = PHT)
)= (2, = TPS + PST)#(1e~ 2u#FPSoX) /{4, HAK1RAK2HDP#Y)

CALCULATE THE FNTH&LPY D FORMATION FOR THIS APPROXIMATE
COMPOSTTION

ENTFORP = 1n00,#RAVRPH( (117, + 30,8FPS)oyY + 135, 4EpSHY)
XHZ20D = 2.%(].~ FPS)#PH]

m T #PSYT + SelY + 1:“-’

T? PST = 3.,%#Y - I

(L]

IF (LEAM) GO TO 10

RCVT = 24 ¢ 2.%(Te = 4,%ZPS)FPHI + T)
RCVVY = 4. ¢ (P,~ JF #FPSIEPHL » T2
XCN2 = 24~ (2.- FPS)ePHT

XCN = 2.%(2H] - 1.}
FNTFOR = EMTFOR - 1N00.#20VI2813,8(PH] - 1,)/FP..

RCVT = 7+ + {9, = R,OFPC}EPHT + T}
RAVVY = le ¢ (S,~ 3,7FPSH#PH] » T2
x¢CO = n,

XCN2 = FPSapHT

FNTFOR = EMUTFNR » (XCN24AHFCOP + XHRIYAHFH20 « XCNRAHFCO)

ADND IN TRANSLATINANAL«VIAATINNAL. AND ROTATTONAL. TERMS TO GFT
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TNTAL FNTHalPY

= (3IN00.- 2NNN.PFPS + 300,825])/()le=- .S58FPS &+ ,0NG#DST)
TV = TV/AL EX2(TV/T) - 1.1}
AMCP = (B.%EPS + 4,18P4T + 32, + 2R.%PS]

FNTHLP = (POVRI®(RCVTET +« RCyyRTVE?,) o ENT?DP}/AMCP

CALCULATE AVERAGE MOLFCU_4R WETGHT, aND GET DENSITY AY
USING THE PERFFCT GAS AW

1F (LFAN) avuT AMEP /(s * (1o~ EPSIaPHI « PST + ¥ + )
IF {RICH) AvyT AMCPR/({2u= FPS)®#PHI + PST + ¥ + )
RHO = .012187%aAMeTH#R/T

[T

GET PARTIAL DERIVATIVFS 3Y WAY OF & SUIROUTINF CALL

CALL DERIVEIP sToPHIWEPSs 2SI eAaXsY sUs AMWNT«CSURPLCSUATNRHONT,
1 NRHNADP)

1F CALCULATING FOR aN INTERMEDTATE TIMPERATURE. USE a4 WEIGHTEN
AVERAGE OF THF RESULTS FI0M THIS ROUTINE AND THNSE FROY THE
SIMPLE ROUTINE

1F (NOTWRMY GO TO 13n 2

CALL CLDPRN{PLT4PHINFL ¢?STaTHATCP4TCToTRHOWTDRT s TORP TER < AMNT)
WY = (T = TCOLNM) Z(THOT = TCOLD)
W2 = 1.0 = ¥l

FNTHLP = WI9FMTHLP + w2#TH
CSURP = WI13CSURP « W2eTL?
CSUAY = W1xCSHAT + w2eTCT
RHO = W]%R4D + W2eTAHN
DRHODT WI1#0RHADNT + WPeTDRT
DRHODP = WI#DRHNDP + W2#TDR?

RAVG=RZ2,N57/7aMuT
CVAVG=CSURS-].934/89KT
ENERGY=100n, #EMTHLP =1 ,9R%T/AMWT

RF TURN
END
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Cesoaonpnaftaaspaans VEFRSTOM J.]1 200
SIJRRCUTINE CLNPRN

PURPOSF &
TO CALCHILATF THF SPRECIFIC FNTHALPY OF THE PRNODUCTS nf HC-AT9
COMBLSTTON aT TEMPFRATURES aND PRISSURES WHERE NISgNCIATTION
OF THE ©RODUCT GASFS YMAY AF IGNNARZID, THE DENSTTY OF THE
PRODUCT GAS 1S ALSN CALCJ ATED. &S ARE THF PARTIAL
DERIVATIVES 0OF ROTH 07 THFESF QUAMTITIES WITH RFESPECY TD
PRESSURE AND TEMPERATJRE.

USAGE:
CALL CLNPRDIP.aT4PHT 4 NIL ¢ 25T FNTHL 2+ CSUBPLCSUBT +RHODRHNDT,
DRHNNP 4 TZR)

NESCRIPTIOY OF PARAMETERS!

GIVEN:
P - ABSNLUTF PRFESSURE OF PRODJCTS (ATM)
T ~ TEMPERATURF nF PRONUCTS (DJE6G K)
PHI - FOUTVALFNCE RATIOD (FUEL/&IR RATIO DIVIDED BY THE

CHEMICALLY CNRRECT FUFL/ATHR RATIO)
DEL -~ MDLAR C:H RATIO OF THE PRIDUCTS
PS1 - MOLAR N:n PaTIOQ OF THE PRIDUCTS
RETURNS:
ENTHLP= SPFCIFIC FMTHALPY OF THF 5a8 (KCAL/G)
CSUBP - PARTIAL DERIVATIVE DOF ENT-ILP WITH RESPECT Tn T
AT CONSTANT P (CAL/G=DES %)
CSUBRT = PARTIAL NERIVATIVE NF ENTHLP WITH RESPFCTY Tn P
AT CONSTANT T (CC/76)
RHD - NDENSITY nF TR MIXTURE (G/IC)
DRHODT~ PARTTAL NFRIVATIVE NnF RHN wWITH QFSPFCT TO T AT
COMSTANT P (R/CC=-DFR ¥)
DRHONP=- PARTIAL NF&IVATIVE OF RHN WTTH IFSPECT TO P AT
CONSTANT T (R/CC=ATM}
1ER - FLAGe SET THO 1 FDI2 T<lnn JEG K
2 FORP T> 60nn0 NEG «
0 OTHFOWISFE

REMARKS ¢
1) FENTHALPY DATUM STATE IS AT T = 0 ARSOLUTF WITH
D24M24H? SASFMIS AND € SOLIN 5RAPHITE
?) IN CaSE NF PROSLEMS CONTACT MI<E MARTTN AT 253-2411
(ROOY 3-339 N :

SURROUTINES aND FUNCTTON SU3PRAGRawS NEEDED:  NONF

METHOD ¢
DESCRIBFD IN APPENDIX IV OF WRITEJ?

OO0 OOONO00NOOO00OOOOO00O0ONIN0O00O0O0000000000

Py g g gy I L T L L T T T e Ty e L
SURROUTINE CLOBRIP (ToPHIWDEL+OSI4FMTHLP«CSURP «CSURT §RHO
1 DRPHODT+DRHODP s [-R«MRAR)

LOGICAEL RICHW1 FAN
DIMENCSION A(RsAe?) X [A)
NIYENSINN AT (3AR) 827 (34)
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EQUIVALENCF (AT({1)ea(1elol)) o (A2{1)et(10l9?2))
REAL®L MRAR X

INTTIALT7E PARAMETFRSs AND CHECK TO SEFE IN WHAT TEMPERATURF
RAMGE WF ARF SO THAT THE COQoFECT “ITTED COFFFICTENTS WTLL R
USEN., FILAG TEMPFRATURIS TOO RAIG DI TOD SMALL

NDATA A1/11,.940713,2,0RA858)+=0,470294,037363,-.5R9447+=-97.1418,

1 5.13909444,607874-,935R0094 ,0AK69698+,03358N] «=56,625AR,

2 7.09955A8.1.275057 4= 2RTT45T4,N2721554=,159R69A+=27,734664,

I 5.55%680,1.78719]1.-,2R81342,.01951347,.1611R2, .76498,
4 T.B65R67.,6RR3T19,-,N31944,-,0026AT0R.=.2013873.~,B93455,
S 6.807771.1.4534044=-,378985,.025A1N035,-.11904672,~,33}A35/

DATA A2/4,73730541A.6527R34=11.23249,2.8280014.006767072.~97.757973,

7T T.BOOATZ2,~u202151943,41870R.-1,179013,.001467%629,~-5T7.080n04,
8 6,97393.4-,829R319,2,962042,-1,1746239.,00041325609.-27.19597,
9 6.991R7B4.1A1T7N444=,21820714,29601774-.01625234+-,118149,
B 6.29571542.308337,-,031478R = ,32675334.00435925,,103A37,
“« T7.092199.-14293R2541,720688,~1.2072124~.00Nn34579384~,013967/
RICH = PHI .37, 1.0

LEAM = .NOT, RICH

EpS = “.%DrL,(IO + a.“DF;)

IFR = ¢

IF (T ILTI lﬂﬂ.l IFR - 1
IF (T .GT. £000.) IFR =
IR =1

IF (T .LTI SOO.) IQ = 2

2

GET THF COMPOSITION IN MILES/MOLE OUXYGFN

IF (RICH) G2 YO 1IN

¥Y{1) = FRSuPHT

X(2) = Few{le= EPS5)#DH]
Xt3) = 0.

X(ﬁl = fla

X(5) = l.= PHI

GO TO 20

7 = 1000|/T

K = EXPl2.743 + 78(=~1,76) + 28(=1,A11 + 2% _2B803})))

ALpHA = 1. - K

BETA = (2uat{le= EPSHAHT) ¢ £#(2,8(PH] ~ 1.) + FPSeDHI))
GAMMA = 2,eK#FPSePHI®(PR] - 1 ,)

C = =~ BETA + SIRT(RFTAYBETA + 4 BA_PHARGAMMA) Y/ (2.9ALPHA)

X(1) = FPSapPH]l - C

X{2) = Pe®(le =~ EPSH#PHI) + C
{1 = ¢

X{4) = ZJo(PHL = 1,) =
X{5) = n,

% (A) = PSTY

CONVFERT COMPOSITION T MOLF FRACTIONS 4ND CALCULATE AVERAGF
MOLECUL AP WF IGHTY

IF (LEAMN)} TMOLFS = le + 2SI « PHIS(}.=-FPS)
IF (RICH) TMOLFS = PST + PHI®(2.-FPS)
NN 30 J = 1.6
Xi) = ¥ (J)/7TH0LFS
MAAR = {{A #EPS + 4, )4PHL + 372, + 2A,%¥2S]) /TMNLFS
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CALCHLATE H, CP, anD 2T A5 IN WRITEUPe USING FITTED
COEFFICIENTS FRNM JANAF TARLFS

g s Ne Ry

40

csurPe = 0,

CSURT = 0,

ST = T,100n,

DO 40 J = 16
TH = ((( AlaeJeTR) Z4,"ST + A(3e )y 1R) /3 }®ST

+ A {PaJeIRI/2, VEST & A({1aJe1R) ¥8GT
TCP = ({ AlGsJeIRIHST + A(34JeTR) }asT
+ A{PeJaIR) )RGT + A({19Js1R)

TH = TH =~ AIS4J«TRY/ST + B(A4JIeIR)
TCP = TCP A(S54¢JeIR)/STRUD
ENTHLP = FNTHILP + TH®XI[.J)
CSURP = (CSURP + TCOPu#X(J)}

ENTHLP = FNTHLP/vMBAR

CSURP = CSURP/43AR

NOW CALCULATE RHO aND ITS PARTTAL DERIVATIVES
USING PFRFECT GaAS | AW

PHO =
DRHODT
DRHODP

aLL
RE.TURN
ENP

«N121872MRAR®P/T

=3HN/T
Ru0 /P

DONF
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SURBROUTINE DERIVS(PyTePHItEPSyPSTsAeXoYolJo AMWT 4 CSIIBPsCSURT s
DRHONT ¢ NRHNNP Y

LAGICAL RICHJLFAN

NATA ROVRZ/,.99745/

DATA SCALF /41,.292R7/

PHI «GE. 1.0
«NOT, RICH

{117 + 3n.#EPS)=1000.
1.35EaeEPqg

2.0 ~ FPS + PSY

Bel = P2,8FP5 &+ P uPST

O
[
nnwH

DUDTPX = 6§,3E4%1)/Taanp
DUDPTX = =1i/P
DUDXPT = ~U/(X8(1. = 2,8#IP5%x))

DADTP = (3,4E482,/3,)%A/T082
DADPT = =A/{5.2P)

TS52(TS + 2.,8C6#AP)/{TS5# (1. + 244AP) + Z2,#CeRAP#2) 442

2 = (le = 2HIV /X
IF (LEAN} NYDX = (1. ¢ 72%2)/(14 + 36#Z)6u?
IFIRICH) DYDX = (l,= 1.2%927 + ,90#7482)/(l,~,Qa%7 + ,3eZ882)as?

DYDTP = DYNXeDXDA®NADTP

DYDPT = DYNX#OXDASDADPT

DUDTP = DUNXRT=DXNDAZNADRT? + DUDTRY
DUDPT = DUNX2T2+NXxDA#DADPT + DUNPTX
RHFDPT = CA%0YNPT + CaenJDPT
NCPOPT = =2.,#(3,°DYNCPT + [IDOT)
DBCIDPT = 5,.#0YNPT + 3,4nd0PT
DHFOTP = C21 & DYDTP + C&4?DUNTP
NDC20TP = =2,8{3,40YNTE + DUITPY
DCIDTP = 5,#DYNT2 « 3,4nJDT?

TVD = (300N, = Z2N0N,#FPS + 30N,%0S5T)1 /{1, = SH#FPS + ,NA#PST)

FARG = FXP(Tv0/T)
TV = TVO/(TARG - 1,)
DTYDTP = TYOH#EARG/(T#(EAIG ~ §,)) a2 #TV0

AMCP = (B.#FPS & 4,)8P4] + 32, + 2R, #PQ]
C‘ = TLHPSQT ¢+ §,2Y + 1-°J

C? = 2.%(PST = 3.8y = ()

IF (LEAM) 1 Ct + 7, + (9. = R, »EPS)apHI

IF (RICH) €1 = C1 ¢ 2, ¢ 2u#{T7. = 6,%EDS)*DN]
IF (LEAN) €2 = CP + 2.%(le ¢ (5. = F.HFPS)8pPHT)
IF (RICHY (02 = C2 & 2.%(4a ¢+ (7, = 3.YEPS)aPHI)

CSURP = ROVR2/AMCPE(CT + TH#DICINTO « ZZu4DTVATP + TVRDOC2NTP
+ NHFNTDY

csunY RAUR2/AMCP# (TeDCIDPT « TVBNC20PT + DHFDPT) #SCALF

n

1 *+ (1,=F35)824T + PS] « 7 & U

IF (LFAN) 71
~ {(Pe= FOQ)22H] & PST ¢ Y + U

1IF (RICH}

fth
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6 = =AMCP/nreaep
DMDTP = G2 (NDYNTP + NUNTP}
NPMOPT = G#*(NDYDPT + NUNBT)

DRHODT = Jn121RT#P/TH(DUDITP - AMWT/T)
DRHNDOP = ,pl12tA7/To(AvWT + 24DUDPT)

RETURN
END
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SURQQUTINE INPNHR

TMTAaFE PORT CALCHLATION

THIS PROGRAM WAS NRIRIMALLY MANF USTNG METER-KG UNLT
COMMON/EPRAPY/ TECHFLINO' oFEFUEL [100) o ZaNGL 1100) EMUT(Y00) »
1 DHFUFLLLON) «DHLOSIINANY 4 JTEMAS10N0) ¢ DOEMAS(1N00) o
1 FRGAS(IN0} «ECOL100) FENTH(S,1NnN} FMASS{A1N0) +FENUTI(AL10N)
1 EVOL(AL10N) «FTEVP(R410N)} «PCYL (RA)
COMMON/ZTNFINZ NINFFJXTNFT(20) ¢ YINEF(20) ARCINDWPINTs TINTGINT,
1 EAUINT 4 ARFINT W XTNY
COMMON /STATE/ ANGLF1AN3SLE + JCONDASTEPJNSTEP,IE
COMMON /TIVIG/ AINTOWAEXTOWATINTC+AEXTCWAFUS SeAFUFLE
COMMON /STaT1/ ROM4ULAST+NJETCHINGFGR

IF(PINT=PCYL (1)) 5N+504A0

INTAKE FLOW I< FROM CYLTMDFR TO PORT (ReC< FLOW)
S0 CINT=-],

RHIGH=FRGAS(]1)%9,8

PHIGH=PCYL t1}#10000,

PRIN=RINT/2CYL (1)

THIGH=FIEMP{]1,1}

AKHIGH=1.35

GO TO 100

INTAKE FLODW 1s FROM PORT T CYLINDER
P VALUE DOESN'T CHANGF MycH.
60 RINT=FRGAS(1]}#G,.8
CINT=1.
RHIGH=DTMT
PHIGH=PCYL {1)®1000N,
PRIMN=PCYL (1) /PINT
THIGH=TINT
AKHIGH=1435

CALCULATE THE FFFFCTIVF TNTAKE FLOW ARFA

100 AMAI=(ANGLE-ATNYN) /(ATNTC=AINTD)
CAILL TWODIwINIMFFE X INFFoYINEFANATLAREFAC)
ARE TMNT=ARE IND#ARFFAC
AREINT=ARETINT/10000,

NFXT EQUATION 1S RASEN ONM MITER~KkSG UNTT
GINT= SNRT(ASS (2, #AKHIGH® G  R/QHTIGH/THIGH
1 Z(AKHIGH=1,1%(PRIN#a{2./AKHTIAH) ~PRINBE { (AXKHIGH*],)
2 /JAXHIARH!Y))
GINT=PHIGHBARFINT /A, /RPMEGINT
GINT=GINT® INT
GINT=6INT#1000,
AQCTNT=AREINT®10000,
RFTURM
FHND
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UPRNP

TO CALCULATE THE ENTHALPRY AND DFNSITY OF A HOMNGENNUS MIXTURF

OF AR,

QESTNIAL GAS. AND FUFL AS & FUNCTION OF

EQUIVALFENCFEF RATIO. TEWPERATURE, AND PRESSURE

USAGE:

CALL UPROP (P4 TsPHT «NFL +PST+RESFRK 4ENTHLP 4CSURP CSURT 9 RHO

DRHODT «DIHDIP L HI)

NESCRIPTION OF PARAMETERS!

GIVEN:?
P -
T -
RESFRK~-
PHI -

ABSNLUTE PRESSURE nNF PRODJCTS (ATM)

TEMPERATURF OF PINDULCTS (JES5 K)

RESINUAL GAS “RACTINN

EQUIVALFNCE RATIO (FUEL/AIR RATIO DIVINED Ry THE
CHFMICALL Y CNIRECT FUE|L/ATR RATIO}

GIVEN IN OMMNRN AOFA sFJEL/:

AF (1) -
ENW -
cX -
HY -
02z -
NLOWER=~
X1 -
PETURNS !
DEL -
PSI =
cHI -
ENTHLP-
CSuBP -
CSUBT -
PHO -
NRHOD T~
DRHODP -

f. DTMENSIOMAL VECTOR OF ENTHALPY COEFFICTENTS <UCH
THAT THF EMTHALPY OF FItEL VAPOR AS & FUNCTINN
OF TEYPFRATURI ( T NEG « } IS GIVEN RY:
HIT) = AF(11®2ST « (AF(2)I¥STHED) /2 & (AF () #ST#e3) /1
+ (AF(4}#SToenl) s4 - AF(SY/ST + A7 (6)
WHE?E ST = T/1000 AND HIT) = <xCAL/MOLE>

HPRP
1)PRP
11PRP
JPRP
1JPRP
IjPIP
uPap
{IPRP
UPRP
LPaP
JPRP
(IPRP
1|PRP
PP
|JPRP
UPapP
UPRP
)PP
{JPIP
uPQpP
UyPRP
UPRP
UPRP
PRP
UPRP

FOR MAST APS{ ICATIONS THE ENTHALPY FUNCTION H{T) SHOULNUPAP
BE VALIN NVER AT LFAST THI FOLLOWING TFYPERATURE RANGE :UPRP

Inn < 1 < 1nood )
FNTHALPY DATUM STATF IS AT T = 0 ARSOLUTE WITH 0D2,N2,
AND H? GASFOUS AND C SOLTD GRAPHITF,
AVFPAGE NUMBFR OF NTTROGFN ATOMS PER FUFL MDLECULE
AVFRAGE PUMRFR 0OF CARPBON &TOMS OFR FUEL MOLECIME
AVERAGE NUMAF OF HYDRNGEN ATOMS PER FUSL MNOLECULF
AVERAGE NUMAFRI OF NYXYGFY ATOMS PFR FUEL MOLECUIE
LOWER HFATING VALYUE (xXCaL/0)
MOLAR N:0 RATIO OF THE OXIDANT (FOR AIR XI = 3,76}

MOLAR Ct*H RATIO OF THE PROVUCTS

MOL AR N:0 RATIO JF THE PRIDUCTS

FQUIVALFNCF PATID OF THE 220DUCTS FOR aN EOQUIVALFNT
HYDROCARRONM-OXIDANT COMBISTION

SPFCIFIC FMTHALPY OF THFE 2RODUCTS (KCAL/G)
PARTIAL NERPIVATIVE NF ENTHL® WITH RESPECT TO T
AT CONSTANT P (CAL/G=NFG <)

PARYIAL DERIVATIVE OF ENT-L® WITH RESPECT TO P
AT COVSTANT T {ccsol

DENSITY QF THI PROMICTS (G/cr)

PARTIAL NFRIVATIVE nF RHN WITH IESPFCT TO T AT
CONST NT P {6/7CC=NFG X)

PARTIAL NFRIVATIVE NF RHO WITH RESPECT TO P AT
CONSTaNT T (G/CC=-ATW)

QETURNS IN COMMON ARFA TMPSTN:

X(1)y =
X(2)
X(3)
X(4)
X{5}
X({A)
xmn

CARRON NINXINT MILF FRanyIoN
WATFR VAPDD MILE FRACTION
CaRRON MONOXTIIE 4Y0LF FRACTION
HYDROGEN MNLF FRACTTON

OXYGEN MOLF F5CTION

NTITROGEM MNLE FRACTTON

FUEL MOLE FRACTION

uprp
uP2P
UPRP
uPRe
UPRP
upap
PP
UPAP
yPrP
tIPRP
HIPRP
UPRP
uPap
\yPRP
IPRP
UIPRP
ypPrP
LIPRP
tIPIP
UPRP
uep
{JPRP
11P]P
upap
LIPRP
PRP
PP
UPRP
1IPRP
1PRP
1|PRP
LPRP
1IPapP

30

23]

50

60

70

0

90
1gn
110
120
13n
1a0
150
160
17n
180
lag
2nn
210
22n
230
240
250
260
270
29n
290
3nn
ain
320
a3n
340
asn
AN
37n
390
a0n
410
6420
430
440
450
YY)
470
4a0
490
500
510
s2n
53n
540
550
S&0
5Tn
580
590
AON
A1N0
621N
63n
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C MBAR = MOLFCLULAR WETSHT OF UNRURNED MIXTURE 1JPRP A4D
C DPRP 650
o REMARKS: UPRP AEN
c 1} FNTHALPY DATUM STATE 1S AT T = 0 ABSOLUTE WITH UPRP ATD
c D24N2+HP BASFOUS AND ¢ SOLIN 3RAPHITF YPaP HAND
C 2)  THIS IS & MODIFIED VERSIDN NF MIKF MARTIN'S SURROUTINE UPRP £50
c UPRNP, TN CASF O PRORLFMS CONTACT COLTIN FERGISON AT LUPRP Ton
C 253-534R (RNDOM 31-158) \WPRP 710
¢ UPRP 720
c SURROUTINES aND FUNCTTION SU3PROGRAYS NEEDED: NONF UPRP 7730
¢ HPRP 740
c METHOD® UYPRP 750
c DESCRIBFD IN APPENNIX A OF HMIRFS ZT AL« SAE PAPER # 760161} UPRP T4&0
C 1WPRP TTD
(I LTS P EY R ALY TR YT LAL I LSS RS- LE ESE R LY YY) upr 780
SUBRQUTINE UPRNP (PeTePHIWDEL+PSIsRESTRKSENTHLP+CSUAPyCSURT+RHD » UPRP 79D

C DRHODT+ORHODP«CHIWRPAVG« cVAVDR)
COMMON ZFUELZ AF{6) 2FNWsTXarY N7 QL NAER UPRP AN
LOGICAL RICHWLFAN HWPRP R20
DIMENSTION A(R.74?) VPRP RAN
DIMENSION a1(42)A2(42)TABLE(T) HPRP R4h
ENUIVALENCE (AY({V) A (1a1e1)) 4 iA2(1)sA(14102)) JPRP 850
REAL®4 MRAR.K UPRP 880
COMMON /OXDANT/ X1 /CWPSTN/ X(7)+MBAR UPRP RT70
c \IPRP RBN
c INITIALTZE PARAMETFRSe ANND CHECw TD SFEE IN WHAT TEMPERATURF UPRP FA9N
C RANGFE WF ARF S0 THAT THE CNORRECT FITTED CNFFFICIENTS WILL RE UPRP <00
c USED. FLAG TEWPERATURZIS TOO BIG 0O TOO sMaALL uUPP 910
C HPRPE 920
DATA A1/11.,.94073342.0RASA1+=0,4T70294,0N17363.-,5R9447,-97,141R, 1IPRE 9730
1 6.13909444,0807R3c=,935A00F+6,0AFL9RZ=1124.NA3580)4=-56.A25RA, HPRP 940
2 Te095556,41.27595T 4= PRTT45T7,4,02723554=,159RK3R4-27. 73464, LIPRP 950
I 5,55356BN.1,7871914~,2RB134241.,951547F=92,,1611872, ,7H40R, {IPRP 96D
4 T.865R4T4.6RR37194=,07319444=-2,ARTNEE«N3e=,2N13073,-,AR03455, {IPRP 970
S 6,8N777141.453404,=,378985,2,561035C=02+=-,11R9462,=,331235, 1JPRP 98N
& 6#0,0/ 1)PRP 99n
DATA AZ2/4.73730n5.16.652R34=11,73269424R2800]1¢6.76702F=N3.=093_ 7579 3{IPRPI1NN
T o 7.8096T2,=e202351947,4'870R,=1.179013,41:463029F=03«~57.0R004, JPRPIO1O
B 6,97393,=,873R119.,2,962062,-1,17623944,13P409F=044-77.19557, PRPLIN20O
9 6.991R7B 161704464 -,21320714¢,29RR1974=14525234F=02+-,11R1R9, 1IPRPY 030
£, 6.295715,2.3R8IRT 4= 0314788, ,320T74833,4,35925F~03+,1036137, PRPI NGO
= 7.092199,-1.2795825+7,20688,=1,207212,-3.45793RE~0064~,0173967, NPRPL OGN
T A®0,0/ HUPRP1 080
DATA TABLE /=laslcelae=1e20440,00,7 UPRPIOTO
C IPRRIORD
[ ENTER INTO ARRAYS Al AND A2 THE FJEL PARAMETERS UPRP1050
Cc 1JPRPYI1ON
DN S T=1+6 . {JPRPILILIN
. AY(Y + 36)=zAF(T) PIPyI2n
5 AZ(] + 36)=AF(T) 1PIP113n
BICH = PHI .GT, fen UPRPY 14N
W = ENW/CX HPRPT 1SN
7 = 0z/CX (IPRPY1TN
DEL = Cx/Hy HPRPY1ARN
EPS = 4.,%DFL/{Ve * G.8DFL = 2.#NEL®7) yPIPYIgN
C IF? = n LIPRPYZ20ON
c IF (T LT, 100,) 1ER = 1 uePIP1210
C 1F (7 «NHT. 600N TFR = 2 IIPQDIBZO
IR =1 11PRP 1230

IF (T LT. S00.) IP =2

UPRPY 240
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HE COMPOSITION TN MILFS/YNLFE OXYGEN OF OXINANT

RFSFRK
1,0 - RESFaK

IF (RICH) 6O Tn 10

¥in
xte)
X(3)
X{4)
X(S)
DCcoT
GO 10 2

e nmis n

£
{

0
0

PSaPHISPrTRES
2e#(ls = EPS) ¢ EZPSe7)ePHI#PITRES

le = PHIVSPCTOES + 2CTNEW

72T = 1000,+7
K = EXP(2.7T42 & 7T#(=1.751 + ZTo(=1,511 + 7T®#,2R073)))

DKDT =
ALPHA =
RFTA
RETA

2
R

Ke2T®8{=],76] + 72T2(=3,222 + 72T#,9400))/7

lcn - W

e {la= EPSHPHT) * K (2,4(PHT = 1.} + EPS®PHID
ETA + FPQupMlaey

GAMMA = 2,8KeFpSepHI#(PH] ~ 1,)
C = (-BETA + SORT(RETASAITA + 4, %A PHARGAMMA) )/ (2,%ALDHA)
"OKDT“(C“C + (?Q“(pH{ = 1a4) + EpS“P_QI)QC - GAMMAZK)

DCDT
DeoT
X(1)
x(2)
X(3)
X{4}
X{5)
X(A)
X7}

U nwnnn

n

COT/Z(P.#4LPHARC + BETA)

{EPSaPHT - CyoPCTIES
{2.08(1, = FPSePHI) + FRS#pUYI®Z + C)ePCTRES

Ce*PrTRES

(Con®(PH] =~ 1,) = C)®PCTRES
PCTVEW

XI + EPQROHI#W/D  #PLCTRFES

PCTUEW & FPSu#DHT/TX

COMVERT COMPOSITION T MILF FRQCT]OQé AND CALCULATE AVFRASGF
MOLECUL AR WFIGHT :

IF (LEAN) TMOLFS = ¥I + (l. + EPS#DRI/CX)“DCTNEY
+ (1o ¢ {lo= FPS)ISPHI + EPS2OHTS(? « W/2,)})%PCTRESUPRPIADA
IF (RICH) TMOLES = XT « {1, « FPS#PHI/CX)&2CTMEW

nn 30 4

X
MBAR =
MBAR =

E
M

* { (2. — EPS)#PHI « EOSUPYI®(7 + W/P,.))4PCTRFS
T 1a7
= X (J)2THOLFS
PSePHI# (12, + 1.7DEL ¢ 16,27 *+ la,8W) + 32, + 28,2X1
BAQ/TMALFS

CALCULATE Hs CP+ aND CT AS TM WRITEUPs USING FITTED
COEFFICTFNTS FROM [ANAF TARLFS

FENTHLP
CSURP =
csuaT =

n.
0.
0.

ST = Tr/100n,
DO 40 J = 147

TH = (({ ACasdeIR)76.%ST & A{34J4¢1R}/2. 18ST

+ BIPs aTPY 72, 04%5T & A(V4.0e1Q) )asT
TCP = (( ACaa daTRIGST * A{T¢JdsTR) ) 8gT

+ A(Pa)eaIRYIRST + Al edo1B)

TH = TH = A(54.0472175T + B8{/4JeIR)
TCP = TCP {84 JeIR)/STaup
ENTHLP = FNTHILP « TH®X(.J)
CSURP = (CSUAP  + TIP#X ()¢ INNN.8THEICDTHRCTRIESHTARL E())

ENTHLP

ENTHLLP /MR AR

HePRPIZSN
uPQpP124n
HPRP1Z2TN
tIPRPY 280
UPRP1 290
ItPRPY30ON
uPRPIILN
UPRPI 3N
1PaRr13I30
{IPRP 34N
UPRP1135N0
JPIP] 6N
yPRP1I3T0
tPRPYARN
UPRP]139n0
UPRPYIGON
HPRP141N
LUPRPIG2N
UPRP1430
1IPRP1440
HPRP145N
LIPRP146N
UPRPY4TN
JPRPI4AN
UPRPYAgNn
{JPRPIGHON
UPRP1S10
HPRP152n
YPIP153N
UPRP154n0
PRP1S50
uPIe 1540
HRRPIRTN
LIPRP15a0
UIPRP1ISON

PRPIALD
UPRPIKR2N
YPIPIHIAN
[IPRPL 64N
HPRP1635N
HPIPTEHN
UrIRIATO
IPRPYAAN
HPIPIHIN
UPRP170n
{JPRP1710
UPIPYIT20
(JPRPY 740
UPRP1740
HPRPYTSN
UPRP1 7510
UPRPITTH
WPIP1780
(JPIIL17940
LJPRP1ANN
UpPRPIALN
IJPRPIAZN
UPRPI A3N0
NPRPIR4D
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CSIAP = CSURP/MBAP

NOW CALCIILATE RN aND ITS PARTIA|, DFERIVATIVES
USING PFRFFCT GAS | AW

RHO = ,N121R78UBARP/T
DRHODT = =RHD/T
DRHODP = Ru0/P
CALCULATE PST AND CHT FOR RURNED 3ASES

PSl
CHI

(X1 + EPS®PHI®W/2,}/(1, + EpSuZ¥dHI/2,)
PHI® (1. + EPS®o7/2,)/(1, + EPgaZeDHI/2,)

RAVG=B2,057/vRAR
CVAVG=CSUR>-] ,QR/MRAR

ALL DONF
RETURN
END

1PIIPIRSN
PRPIAAKN
UPRPIRTN
{JPRPIRAN
IPRIPHGN
tIPRPISON
UPRPI9LN
HPaPYa2n
UPRP1Q23N
UPRP1ITGN
uPRP1950
UPRP19%N
UPRP19T70

PRP 2R N
UPRPYSQGD
HPIP200N0
1JOR220 1
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SURROUTINE FRIA(TTITTPPO24PHIC,IFLAGZ)
c
C VARTARLES LIST
9

QEAL®A NPRATUNPTEMP 4NENTB+ XUNFR
DIMENSION NFAIR{L) «XMOFER (14) ¢ YMOFR(16) 421(5)
C CALCULATE RATING OF H/CWN/C+I/C+AND C/C ARERE C=l.
TFMP=YTTT :
PATM=PPPP
SLA=15,1
EQURN=z] ,/PHIC
IFLAG=0
WHY= (12,451 A=137.4) /(=51 3+,258137,4)
XWHY =] o ¢4 2R OWHY
DEOTIR (1) =wwY
DENIBi(2)=1,
NENTB (4) =2, #XWHYRERIRN
DEOIB(3)=3,7644#NFQTIR(4)
c
C CALCULATE N AND NO F2IR, AND EQIBR, MOLEFRACTTIONS
DPPATM=PATu
DPTEMP=TEMOD
CALL PTCHEM(DPTEMPNPRPATY«DENTR«XMOF I« 1SFENT)
DO 100 I=1l.14
YMOFR(I)Y=XUOFR (1)
100 CONTIMUF
GO TO 103
101 IFLAG=]
no 102 J=1.16
102 YMOFR({JY=0,
103 Z(1)=YMOFR (P}
Z(2Y=YMOFR (5}
2(A=YMOFR ¢ A)
7{68)=YMOFR({9)
Z(S)=YMOFR (1G4}
QF TURN
END
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SUARDUTINE DNODT(TTTT P3P ¢ TOTMOL « ZMIF R4 TFLAG 4 XMOWF)

VARTARLE LIST

F FINAL FVALUATION NF R.H.SIDE RATE EQUATION
WeXa¥sZ nUMVMY varTaA3LES

VoL VOLUME 0OF £ _EMENT

XND AMOUNT NF NITRIC NXINnE

RCIF RATE CONSTaNT FOR FIRST REACTTON,FORWARD
RC1R FATE CNONSTANT FOR FIRST REACTTOMGRFVFEQSE
RC23 RATE CONSTANT FOR SEZOND REACTTONGFORWARD
RC2R RATF CONSTANT FOR SECONIHFACTTIONGREVERSE
TEMP TFMPERATIIRF OF EI_FMENT

RTEMP RFCIPROCAL OF TEMP

DIMENSION 7MOFR({5)

TEMP=TTTTY

PATM=PPPP

VOL=B2 . 062 TEMPETNTMOL /PATM
IF(TEMP.LT,.1800,) GO TO 2000
IFLIFLAG.GT,.0) GD 10O 2000
IF(TOTMOL.LF.0.0Y GD YO 2000

4.COMPUTE RATF CONSTANTS (TUNCTIONS OF TEMPERATURF DNLY)

RTEMP=1,9R37#TFMP
RCIF=7.,6E+13%EXP (=TS4AN, /RTEYP)
RCIR=]1,.6E+13
REC2F=6,4E+N9aFXP (=6255, /RTEMP) « TEMP
RC2R=] ,5E+nS*EXP (=3AT20N, /RTEMP) #TF up
RCOH=4,1F+13

TMOLNO=7MOER (4) #TOTHO!
TMOLN=7MOF2 (3) #TOTHMOL
YMOLCO=7MOFR (1) )

S.CALCULATE NHNO/DT=F (VO s TZIMP s PATM ERUIN & ZMOFR 4 XNO)

7R=RCIR#7MNFR (4}
WRsRCZF#ZMNFR{S) +RENH2ZWIFR(2)
CAPL=Z2R/WR

ALPHA=XNO/TMOLNO

TERMI =2 4R 1R#TMALN#TMOLNO/VOL® (1,-A_PHA®ALPHA}
TERMZ2=1 +ALPHA®CAPL :
F=TERM] /TEDM?

60 TO 3000

2000 F=0,
00 COMTINUE

RETURN
END
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SURROUTINE PTCHFY { TuP, PRS, N, X40FR, ISENT )

THE ORIGINAL MTT EQUIL IRRIUM PTCHFY SURROUTINF HAS REFN RFDUCED

aMnD IS DESTGNED TO PRNCFSS & FLEMEMTS % 14 SPFRJES

ARRAY D CONTAINS RATINS DF ELEMENTS He Cs Ny O RESPECTIVE! Y3

Foscl DATA n ! 1-43- l.n! l3.n. 3.46 /

ARRAY xMOFR CNNTAINS MOLE FRACTIONS JOF EACH SPECIFSS
SYMROLLS OF FACH SPECIFS 1 TO 164 (HEX'Er)

YHCN 14 *CH Vo
tHZ20 Yy N Ty 'ND Y,
to Yy D> Y /

tN0P2 vy NP e,

TNPUT: { DOURLE PRFC, )

T™P
PRS
D

TEMPERATIIRF ( DEGRFFS K )
PIESSIRF  t ATMOSPHERFES )
ARRAY(4) ( RATID. 4 ELEMTNTS )

wun

ouTPUT: { DPHALE PRFC, )

ARRAY (14) ( MOLE FRACTIONS»
ERRNR CNNE:

NO FRROR

XMOFR
ISENT

14 SPECIFS )}

ARF AS FOLLOWS?

YCOZ 'y ¥4 Ty ADH vy WP
'NZO

TEMR TOO
TEMP TOO
{ UMHSED
TO0 MANY
TON MANY

HIGH

LOW

)

T1TERPATIONSs RFSULTS DOUBYFUL, LOOK UP NU
TTERATIONS

THERE ARF "0 3ASES PRESFENT
CHFCX IF THERZI ARE FNOUGHM SPECIES
TOO MANY TRIFS FIR T

LU L U LI T T I [ | I [ |

PAIPNP WV~

AUTHOR: DaN NDANTZFR LATFST REVISION 12/14r772

ADAPTED FO2 USE WITH HPCHEM BY TOM MIXKUST CURIRENT TO S/23/74

IMPLICIT RFAL#R({A~H4N=7)

EQUIVALENCF ( ITOTSP. M )
EQUIVALENCF { TTOTSR, M) )
FOUTVALENCE { MELEM o N )
ENUIVALENCE ¢ G(1e1)s CMN(1) )

DIMENSTION " (1). XMOFR(1)
DIMENSION A{Ga14)e 71 (1%98)
NDIMFNSTION 711 (54)s 7t 2(55)

NIMENSION <2 (2)

DIMFNSINON 27TP(5)

INILEM

FOLLOWING AQRAYS ARF IN s172

NIMENSION NNL6) e XMU(L) s XNJ(GYy Flade Flbyh)

noONI 370
nOONT3AD
nDN01390
anNN1400
nOD01410
nnnnl420
ADNN143D
NONDI&GLD
00001450
nANNNTLSD
nNGO14T0
nDND14AN
AODODL4S0
nnoo1S00n
nNoODLISLD
nn001520
noonN1530
no0NN1540
nODO1S50
n00N1S6N
nNO01IST70
NODO15AN
00001590
noon1IANN
nODD1IALD
nonN1620
00001630
no00164N
N0NN1550
ANDD1IA6N
0001570
noNN1%80
nNDB1-90
annO1I70Nn
nooN1710
0001720
A00017230
n0001740
00001750
00001760
noont7T7N
nOONYITRO
ADBOLT90
NOOOIRON
ANNOIHEN
NOODIH2D
nO0B1]30
00001260
nOON1R=N
nnNO1B450
nODOYIBTO
n0aN12AR0
AOONTHIN
nO0B1IHON
nNDO1IY91Nn
nno01920
nnoN1Y3IN
nNNOOLIY4N
n0NNYII5N
nnan1IISEN
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FOLLOWING AIRAYS ARE *NILEMT +2 = TINXNS| ¢
NIMENSION R2(R}, ({6.A)

FOLLOWING ARPAYS ARFE ¢1TOTSPe

DIMENSIOM rMN({14)e P14 s CPT(14Yy X({14)s XMAX{14)
DIMENSION “0ORT(16) s SR(15%3)s C{14)

DIMENSINN YHORT{14)

COMMON / HIPT / HORTSMSYDHIT « XMURT 2+ SUMNT

NSAME = INITIALTIZATINN FLAG

NFLEM = N2> OF ELEMENTS INVILVED
ITOTSP = TATAL NR nF SPECZIES INVOLVFD
DATA NSAME 7/ 0 /

NATA NELEM / 4 /

DATA INXNSL /7 6 /

DATA ITNTSD / 14 7/

DATA DDeXNsESF 7 2880,.0230 /

DATA Ry G / 42 & 0,000 /

DATA A, CPs CPTe X XMaAX 7/ 112 = 0,000 7
CMN IS NOT INTTIALTIZED WHEN IT LIFS WITHIN ARIAY G

ARRAY ZL(K.J} CONTAINS THE HI-TEMP DATA FOR EACH OF Y4 SPECIFES

SPEFTES N® {1 - 14 )
DATA ( 1 - R EACH SPECIFS )

K
J

Hn

DATA WAS TAKEN F20M NRIGINAL DATA SET ( CARNS) . ARRANGED TN
ROWLCOL {l4eR), RUT NATA STATEMENT INTERNALLY STO?FS

RY COLWROW: THEREFNRF, DATA MUST RZ REVERISED FOR PRNG EYFC,
ORTGINAL DATA ARRANGMFNT MATNTAINEN TO03 CONVENIFNCE IM MarING
CHANGES T SPFRIES DATA.

NR OF CONTINUATION CAPDR LIMITED Tn 19
CONTINUATTIAN COL #A CANTAINS THFE HEYIOECIMAL SPECIFS ND

DATA 701 7/
9.3434433) N0e 2.5512176D NNe=6,7088366D~01s 5,.0901942N=-02,
=4, 1140777N-014~6,99034F8D Hne H.23IF9554D Nl 2.3009GR7H 0N,
T.099564A0 008 1.27595520 00=2.87747440-01, 2.21561230-07,
-1.598A955N-01,~-2,9n236356N 01. 5.4823700D 01« 128900150 an,
1.19403310 01. 2,0RASRLID 0Na=4,70292030-01, 3.73631160N-072,
=5.80447ARD-N]14=9.94RRT7I6N D], K,220T1690 014 2.32690490 AN,
4,5679993N (N4-5.9ATATIHN~13, 1.93452190~13,+1,R7321957%-14,
=7,6194935N=14¢ S.0A19217D Nle 3.36044190 01a 1.0110925D N0,
S5.6197B150 an. 1,96AR4%6D 0NV =3, RAS517RD-N]. P.73645150-02,
1.34186A800-01+ A, 09235290 0. 5.,0777405D 01, 2.0089998D 00,
5.5556800 00, 1,79719140 0Ne~2,80134)160u01. 1,.9515470N-02,
1.61182700«0])4=1,75901390 Ad. 3,8126053D N1, 2.n2396830 0N,
£,1390944N0 NNe 4,A078231D ONe=9,3550094D0-0], A ALKGLATSNN2,
3.3530098N-N2,-5,9407R56D Nl. 5.1456772D0 pl, 1.05190A%D 0o /
DATA 712 ¢/
R 5,167202710 NN.-1,A977470=01. 3.692100AD-02, 3.6261105N-073,
B -3,27181540-02y 1,117%%157D 02, 4,2733066A0 01. [.03597930 00,
9  T.S1ROAPAN 00, 1,02452090 00,-2,3033735N-01, 1,7926A71N=02,
9 -1.9369543N=014 1,87562210 A1, S.8375296D nl. 2.0729971N 00,

N IRAN DD oS WYY e

nD001970
nooN19"D
nnNN199N
L EEDLTT)
nonN>010
no002020
A0002030
00002040
noonNz0so0
n000206K0
n000P0T0
no0NPNR0
nN002090
nooD210N
nonorlln
nooo=120
AnoN>130
Aoon21a6n
aoon21isn
0n007160
nonorl7n
ADNO2180
00002190
60002200
annn2210
nnpnr220
poO0R230
noNO2240
nooN225n0
aonn2260
nano2270
nnon>2an
nonoo>2an
anon»30n
anno”3in
nnno2320
anon231n
nO0NP340
80GN2350
noN02360
pono>370
nono2380
nonoR39n
nonn240n
nono2e10
nnooPe2n
nnnn2430
nnoa2440
A0002450
AnNoN2460
NON0RSTN
DL ELY:L
noo02490
nnno2sa6n
AONO2510
nann2s20
no002530
nn002540
AnNnoPSs0
nnnoz2ss0n
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200n

1.21232990 nl' lc?q“‘icqqn
=6,225628a0=-014 P.3IR19538D
6.8077690D N0e 1.,453%0350
~1,18%94610N-0]+=2,4N01R753D
1.23659610 01+ 1,72A17320
=5.812n8770-014 1,4105670D

152

NN.=3,.01172960-n1,
N0e K. AR10959D nli,
N0+=3,2RIB5750-n1,.
one 5,1155161D0 nl.
Nhe=6,.N52804A0-01,
0le 6.433146TD 0l

2+ 3558749N=n2,
J.11099R20 00,
?.5510%46N-02,
2.07199460 00,
1.14184350.02,
3.1099997D no,

S.100630PN NN.-1,5177220D-01, 4,893313R0-n2.~2,88143520-03,
R,929941aN~07: S.80RQO4AD 01, 4.47525480 01, 1.031790440 0N
7.8658457N 00, 6L,RRITIIND=0]14-3,1944100D0-0n2,~2,6870R17N=01,

~?,013R729N=N14=-2,9AR4554D N0. S5.7624637D fle 2,.0T499R9N 00 /

IF (NSAME) 2000+200042004

NSAME=]
AP=1.88726n00
ITMAX = 54N
ITW = 400
DIF = 15.0n00
DIF]1 = DIF
T = 1.0n0
TLUB = 6000,
XN=N
TOLY = ,01n0
TOL2 = ,00n01N0
TOLS = 1 -ﬂﬂ-s
TOLA = ,1Dn
TOL? = 10.000

ARRAY A(Is«) CONTAINS N OF ATOMS PZR ELEVENT (¢ IV SPFCIFS )

1 = ELEMENTS Hy Ce Na
K = SPECTES N2
ﬂ(l-l) = l.
Alls&)y =1,
All«S) =1,
A(l'f’) = 2.
AlleTY = 2,
Al241) =1,
Al2+2) = 1.
A(243) = 1.
Al3.8) =1,
Al349) = 1,
A{dsl0or= 1,
Al3«11)= 2,
Al3.12)= 2,
Af{44.1) = 1,
Alas2) = 1,
Aldqa3)y = 2,
A(QIS} = lo
Al4.T) = 1,
Al4.9) = 1.
Al4dlD)= 2,
At4elP)= 1,
Al4+13)= 1,
AlGslt)= 2,

LOAD DATA TNTN SOFCTFS alPaY

0 RESPECTIVELY

7L

onoo2s7n
noo0”580
n0e02590
nOn0250N
n0002610
60002620
nNno2530
n0002640
nNNN2650
nonoze60
00002570
AODOPARD
nOD0O25%0
00002700
aonn>710
anon2720
noo0r730
00002740
00002750
6n002760
nenNo2770
NONO2TRO
n0002790
noon24gon
n000>a10n
nONOPRZN
n0O02130
n0002A4N
nHOOPRSH
00002840
no002870
noN0 7280
nnonN2490
GLEETT
nnon>910
nooo292n
AODNN293N
NO002940
ANONIISH
NONN2960
nnon297n
0002980
ANDOP990
nnn03000
annolIn1o
nooON3020
L LUEDEL
NOONINGD
nHNOINS0
000013060
nOOBINTYO
n0000R0
NOONGN
nonnalon
LLLEIS Ry
nOoNaIL20
noonalan
nnooI14n
anoNIISH
noon3Ilen
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1T = 0 ANNO3LTN

D0 1050 K = 17 nOno3lan

I =K « 7 nnonilon

DO 1650 J = 1. B nonNO320N

11 = 11 + 1 00603210
ZLIKs ) = 2L1(TT) 00003220

1050 ZL(Te ) = 2L2(IT) n0003230
00 3010 I = 1N nO003240
XMUT) = 0,0 AON0NI250

3010 CONTINUF noo0I2%0
noaniI270

n0003280

END OF ONE-TIMF INITIALTZATION nnoN3290
AnNONII0N

2004 IF ( TMP = 200,0 } 2112+ 2117, 2355 naN0310
2355 CONTINUF 60003320
IF { TMP - TLU } 2012, 2012, 2009 anan333n

2009 ISENT=] neo0340
0 TO 5000 naon3SH

P112 ISENT=2 nN00I36N
GO TO 000 0onNn37n

2012 CONTINUF noona38o0
TK = TMP /s 1,nn+3 0003390

XLP = DLOG ( PRS ) noN040N
noonI%ln

START OF ORIGINAL tHS* SJBROUTINE LI ELY:G
000014730

DO 5604 KIO =14 M AON0IG4D

IF t ZE{K1ns1) ) Sno3, 3002, 5003 noon3450

5002 HORT(KIO) = 0.1111111100 noon3unn
SR (K10) = -1,.0n6 ABNOIGTN

GO TO 5004 nG003480

5003 HORT(KIN)- = ((({ ZL(XIN%) ® Tk / 4,790 + ZL4X1043) 7 3.0D0 ) = AnNDILON
1 TK + ZL(K1042) 7 2.00 ) & TK « 7L{K1041) ) & TK = n0003Son

? ZLAKI0S) 7 TK & 71(€1046) } / { L2 & TK ) nnnnaISIN
SRIKIO) = ( ZLU(K10s1) & ILOG(TK) + T< # { ZL(K]INe2) + 00003520

1 7L{K10y32) # 0,500 & T< & ZL(K1044) & TK w#a22 7/ 3,00 ) = n00oN353n

2 ZL{KIO0WS) & 6,500 7 TS o8 2 + 7L (<1047) ) /7 AR nO003I540
SONn4 C{K10} = HART(KIO) - S(<10) +« XLp ANOGISSEN
nnonoiSAN

END OF QRIGINAL tHSe¢ SUAIDUTINE nnon3IsTo
annn3SAan

ISFENT=n AOON3SAN
TTER=0 nnonILoN
1TTPDG=0 nonaS1n

TOL4 = (0.1n0 (LLGREYA:)

YMAX = 0, ADBN3ISIN

DO 412 ° J=14v1 ANDDIA4L0

XMAX (J} = 1.0AD10 nOONI6SN

Do 412 1=1.t NOONIFED

IF (A(l+)) 612,412,413 annNanaTo

413 IE IDUIVZALT o) «XMAX(J})  albeb]2e412 NODOISAN
414 XMAX (Y= D(IY/A(T. ) aA0ONISIN
412  CONTINUE AnoOnITHN
X0=0,000 ANO0TIO

nn 90 1=1.N noaaI720

9n X0=X0+n¢1) nonona710
aVD = Xn / XN a0003740
Y0=0,000 ADDNITSH

NO 93 J=14w , nooo037h0
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97 YO=Y0+ ¥MAY[))
X0= DMINl(xDs¥N)
X0=x0#1,05n0
DO 825 J=]«M}
LY 13 XMAX [ J) =xMAX(J}#1,03D0

CAUTIONB®e AGS!IMPTINNG  THAT FACH SLEMENT MOLE RATIN DIVIDED AY
THE SUM OF THF RATINS WTLL 3E GREATE2 THAN p,01:
IF = DR < n.Nle THEN MUST USF FOLLNOWING ROUTINFE
TeEes REMODVE THE YCt COMMENT FROM CN. 1 FROM HERE TO LABEL S30 &

FROM LaarL 503 TN 475
NOTE: ARRAY K2 1S NIMENSTONED (2)

SUM IS NOT DEFINED IN DRIGTINAL PROGRAM
siM = 0,0
DO 525 1 = 1.M

G25 SUM = SUM + DL

Li=n
NGO5=1
RATIO = .n¥DO
DO s26 T=1.N
IF (DITY/SUM = RATIN } 527+52T7+526
S27 Ll=L1l+1}
K2{L1) =1
5275 CONTINLIE
NL= L1
IF (N} S2R452R,529
524 NGO5 =1
GO TO 530
5?5 NGOS=2
53n CONTINLIF

ITER4=N
NGOAR=1
RHZ2=}.0D0

END OF ENTRY INITIALTIZATION & CHECKING OF TEMPERATURE

REGINNING OF MAIN PRNOGRAM _00P

59 NGO=1
ITER2=n
IF (1TE® - 1) 4732,4734674
474 RHZ=DSORT (4P)
RH2=DMINL {(2H2.1.0D0)

4713 NGO1=1
non 101 J=1.M1
SUM= C({.h
D0 1nn2 1=1.M
1002 SUM=SUMs XMUIT)®A(Te N}
1n1 CPtJy= syu
no  10l2 J=1.v]
1017 CeT(h = cP(y

DO 1001 I=1«N
1001 Mir)= De1)
L1= 0
SUMEX=n 0NN
DO 1072 J=1.M

noON3ITTO
n0O0178D
n0003790
NODNINON
A0003R1D
ANNNIA20
nONOIRAN

_ANDDARLO

nODDIARSN
nonn38e0
n0N03BTN
NOOOIREN
nNOD3INGN
nDOL3ISON
no003910n
20003920
ANGN3IO30
n0003540
nNDDO95D
non03I960
NOOOAITN
n0N0I9RO
nnon3ISIN
00n0s000
nonnNanio
00004020
00004030
n0N064D
0000605,
nHDnLRS0
nOnNDLNTD
nD004NAD
noNNanNoo
nonoalon
200NGLLN
nON0L12n
pONDG1I3N
nnonalan
nnnnalsn
nON06lsn
nnnnalTn
nonoslro
nO6NL190
noNNG200
noONL210
n0006220
nNONa?IN
NONNG240
nnonezsn
0000e26n
noONDL2T0
noonazan
AONOL2AD
ANNOGIND
neONE310
Ann06320
nONN4L30
nNNONG340
00006350
no006360



421
102

107
104

105
104

420

422
423
107

416

{ 1nA

s Xe N4

110
1na

112

113
121

131
132

43n

43

43>
444
2354
235A

433
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Ji=J
IF (L2T{Ure 3N.0N0Y 420,470 671
XJ=DEXP(-C2T (U
SUMFX=SIMF X+ XJ
X(Jr=xJ4
IF (SHMFX=1,0n0=TOLI¥R~42) 1n3vln3slo7

TF (SUMEX=1,0DneTNL1#R-2) 112+1N64104
Ll=]
no 106 I:14N

SUM=000

DO 105 J=la.v
SUM=SUMs a(T,e Jhex ()
Filsl) = Suym

YMAX = X0

0 TO 123
CPT]1 = CPT (U1}
nn «23 J=1eM
Jl= J

CRT2 = CPT(J1=-CPTI
IF (rPT2 +30.0N0) 420v4204422
X{J) =DFXP=-CPT?)
COMT TNUE
SUM=0,0Nn
ng 416 NESNL
SUM= SUM« X 1)
SUM= X0/85UM
DO 10A = lav
XED) =Xy usim
no 109 I=1aWN
SUM= DN{I)
DO 110 J=1M
SUM = SUM =A(T. )X (J)
DN(IY= SUM
0 TO 123
Do 113 J=laM
X(Jdy= n.0NDY
L=L1

L =0D0R 1 ONLY

IF (L) 131131+ 20n
bo 13> T=1eM
ANU(TI==nD(T}
GO TN 23
00 431 J=1.41
CMH{ = 0,000
DO 431 T=1.M
CMNLJY=CHMN{JY +XNU(TI#A (T 4. )
COUP=TNI GeTALG/H?
XHyn=0,00n0
DO 4372 T=)eM
KNUD= XNUD+ XNIj{T)yan(l)
H= =¥YM{n
TTTRDG=TTT2NG+]
IF(ITTPNG=-50NN) 235A, 235842354
TSENT = R
60 T S0np
CONTINF
on 43 =1 M)
CPT(Jl= CP(JYes ToCMN(Y)

@

nono4lTn
ADON4IRD
na0o04s9n
noD0&A0D
AnoN4GLN
n0N0GH2N
NpN0GAID
NABOoLAAN
HoNDGLLSH
NNDOLARD
N0004470
nO004L4R0
nnNNGAgn
nono4S5nn
nnnnasin
60004520
60004530
no006540
nNo0nass50
n0N0456N
n000a6S57n
nnoo458n
nnoonuSa9n
no00GEDN
noonNs6IN
noooL62n
nNNNnGS30
noonaban
nonN0&46S5D
NNO04BED
nonoanTn
nan0046RN
00nNNLs30
00004700
nnoonsa710
nonoaizn
noon&a730
noona7u0
noanNa?sn
non0sTAN
nonNNGg 770
nN0N047R0
nDoNLTo;
nonNnanon
A0004H1N
000HLRZ0
00004930
nD0GRLD
OHOND4RSN
NONO4HEN
nNjoaB7o
nongsAAan
AONNARIN
nnNnNLAIOD
nonna9ly
noonas?n
naonaeIn
nhonL94n
ANnNNavsn
ANNNGHAN
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ExMIN=  1,00140
(114} S0 I=] M
IF (C2T(JY = FxMI\N) 511.+510.510
S11 CONTINUE
FXMINS CRT(J)
510 CONTINUF
SUMEX =0.0N0
Do 5113 NESIL

IF(CPT I i--FXMIN=NTT]) 5173174516
S1A X{th= 0,010
60 70 513

517 X(J) =DEXP{EXMIN -CPT(.)))
SUMENX =SUMEX «+X 1)
S13 CONTINUE
IF  (FxMIN ) 5721.321 , 519
519 IF (SUMEX#DEXP (=EXMIN)-1,N00) 443+521+521

521 PRON = X0 /SUMFX
. no 522 =1 4M
522 H= Hs BPRNAD® X (. JYoCHN({])
447 CONT INUF
IF (H) 45A45A 457
457 T0=7
HO= H
GO TO {44R4459} , MGD
(YA T= TeT

IF (T = 1.0015 ) 446. 446, GQR

908 ISFNT = 7
GO TO S000

459 T1=T

NGO=?
459 TF(DABS(H/H2)-TNL3) 453.453+44AN0
4AN IF ((T]1=T0}aeP-nMP) 453,453+452
452 T=0.500%(TN+T])

GO TO 446
4573 no 454 I=taV
454 XMU(T) = XMI(T) « T& XNU(T)

60 T0 0o

L = 1 AT THIS POINTY

200 shum

SUM

bn 2

SDUM

2 SUM

E(l}
Gilal

Y1

0.0N0
0.0n0
= 1. N
SDUM + F{ls1) & F(Ie1)
SUY + F(Ts1) ¢ NIT)
SUs 7/ snuuv
0.000
0.n0N
0,000
1) + 6(1e1) & 71
Y10« 1D 11
Do

= U W H -l

~§
—
-1

71 SUM = FE,
suU
0

= T

{
1n 71 =
G0 TO

11 IF (

R
SUM -~ YMAX )} 4T1s %714 477
YMAX
0 A
471 71 SuU“
A IF { DARSE 71 - ¥1 ) = TAL3 ) 15, 15+ 13
17 vl = 71
60 FTO 71

in ]
o
inm=an

nanaa97o
n00049A0
nnnn6990
nooOSNON
nooasn1o
00005020
nonos030
neN0SN40
AONNSNS0
NnODOSDKRD
nONOS0T0
NO00GSDARN
ANOOKNS0
noNos1on
noooslio
poooS1 2N
000051130
AOONSYEN
nnonslise
00005160
nooos17n
aonnslian
nonoslan
nonas200
pooNS2190
noOD0S220
00005230
no0ns240
nONNS2SN
NONNS2ED
a000S2TH
N000S2RN
aAnNnNS290
NnonnsINn
nonos3in
na0053240
n0005330
nopns3en
nonns3sn
A0005360
nooNs37T0
noONNS3RN
nN005390
ADDOSA0N
AO0OS5%1N
nonnss2n
nNON5430
GTEL Y]
annnNSesn
NODOS460
noNnNos47a
ANDOS4RD
ANNNG4LT0
ARNOSSON
nooos551n
noNN&RS20
nonoss3o
ANDNSS40
ANNNSESH
NONOSS6D
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-

1S 00 16 1T = 1a

1A XMULTY = =an{T) + F{T«1) % 71
RO 19 J = 1a M

19 X(H = Xty & 71

L =0 0R 1 BELOW THIS PNINT

(g NeXs]

23 Do 24 T=1eN
TF{DARS{XNU{T)) = TOLGL @ AVD) 24426425
T CONTINUE

NGO1=2

GO TO =330
25 GO TD (R504551)« NADA
551 ITER4=ITFR4+}

IF (L) 55045504A14
Rl4 IF (ITFR4=20)1550,5572,5572
552 ITEQa=0
NGD1=2
GO TO 530
S50 HO=0.0N0
DO 26 T=1an
26 HO=HO+XNU () 812
H2= HO
TO0=0.0n0
T=1.00n
GO TO 330

SEE COMMENTS ABOVE ( LARZL 327 )

503 COMTINUE

O 00N

GO TO (475.476) NROS
474 K = ITEP - ( ITFR / N ) ¥ N
IF (K} 531.5372,531

53» K=N
S DD 540 L 1=].NL
IF(K2(LY1)Y =K S4ne541 4540
54n COMT INUE
GO TN 475

541 TF(DABS{XNUIK)I=TOLSEN (X)) 475,475,542
542 [F(NARS(XNY(X))-1.0=1514754,475,8000
RONG SIM=XNIJ(K)
DO 543 I=)eN
547 XMU(TY=0,0n0
XMU(K) 2QUM
HO=SuMagyy
DIF1=1n0.0nH
H2=Hn
T0=0.nN0
T=1,.0nn0
GO TO 430
475 DIF1=NTF

GO TO 430
3130 ITER= FTFR+1
IF (ITF~ = TTW) A31+670,A70
670 ISFNT = &
60 TO 5079
c
an GO T {S03.500) 4301

noonssSTN
nO0DORSAN
00005590
no0OS6E0N
00005610
00005620
nnons630
n000S640
nnoos6Esn
nN00S5560
nnonss7o
nOOOSGAN
noonNS690
nooos7on
nooos710
ndoOS720
noons730
AO0NST7460
nNNOS750
n000S760
nnOOST?0
nooOSTAN
nono0s79n
00005500
00005810
noons=ea2n
nOD0SH3N
n0D03RAN
NODOSRGD
NODOSRAN
NONNSRTNH
NOONSHED
NONOSHIO
nnodoosann
nnnnRa10
nNBOSse20
nNo00S930
n0005%40
nNoas95n
nonHs9sn
00005370
IS LT
ADNOSIGN
nNnposnnn
n0ooRN1D
npnosbZN
noaosnIn
a0008NG0
nNo0ANSO
NOD0ANGD
HDNLEIR AL
nON0SNA_0
A0N0=NQN
annoalon
annnsltln
noooslen
nnnnalin
noonslan
Anaes1so
nG0onslAN



500
A2n
A2
S5n2

75N
701

708

475
704

707

109
T06

T2R
127
903
Rg?
8?7

anl

73n

AnNnt

4AG

731
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NTOT=N+I,
DO 820 T=z1N
DO{I}=¥MU(T)
00 R21 J=1 M1
CPRT{H =X}
IF 1) T27+7274+502
x8a>=71
ITFRZ = 1
IF (XBAR) 727. 7274 70}
GiN+1eN+1)= 0,0N0
Do Thh w=14M
SiM== C(K)
DO 70 I=1.M
SUM=SUM=XMY(T) 24 (] 4K)
IF  (SUw «3n. 000 425.727, 797
XK} = XBAR#DFEXP (SUM)
CONT INUF
DO 70s T1=1.4
SuM=0_ 000
DO 7TN7 K=z=1l.M
SUM=StM 48 (TeK)}uX (K)
SUM=S|/M/XRAR
G{I«Ns1) =SUM
G(N+]1.1) =5UM
RUI}Y = D{T}=Sluaxaa?
DO 708 J=1.N
SUM= 0,000
DO 709 K=i.M
SUM=SHM = AfTeKIGA(IaK) Y (K)
G(I4JY=5UM
SUM=.X350
DO TI0 =] M
SUM=SUM X 1<)
R(N+1) =SUM/XRAR
N0 728 TI=1,M
IF(DARS(R(T)) - TOLAPAVD) T284728.7P7
CONTINUF
GO T 73n
DO 903 T=1.N
IF(DABS{XN H{I)}=TOL.5#N(T}) 903.,903.801
CONTINUE
Do azp T=14N
xMyiry=nni{1}
no ARl J=1 M1
XtH=rPT (N
60 TO 5179
TOLa=0.1308TNLY
NGOR=?
HZ2=]1,000
G0 10 o9
IPP=NXNSOL t INXNSL yNTAT (s R}
IF{IPP=2)ANN1472T74RNN)
TTERZ=ITFERA+]
NG 4RSS T=leN
IF(DARS{RITI) =TALTY 4BK+465,727
COMTINUE
00 il T=1NTOT
IFINDARS(R({T)Y) = TN S) 731e 731. 739
CONTTNUF

nnnosl7o
noonalan
60004150
nno0s200
ARNORZLN
na00~A220
noooOR23N
nONnOAZ4n
nNDAR2SN
pOOORZEN
AnNonA2TN
pONNSRZRD
no0NRZSD
noo0NsA0DN
nNo0nal1n
nNh00R3I20
noo0KIAN
nonosiIen
N0N0AIGNH
N000AIAN
n000R3T7N
noonNaingn
no00~390
00N0R400
noonRaL1n
Ho00a4L20
nONOR4ID
no0o0nsGten
AOCNS45D
ANDORLAD
NONDALTN
n000A430
00006430
nH0aRS0ON
nonNOsS1N
ANDORS2N
noOOR3AN
nONN&SLD
NGONASSH
NOBNGESEN
nONOARSTH
nD0NASAN
poNDASGN
T YN
nnnonanln
NO00RAZN
noonNaniIn
000D4K40
ANNN&SESD
noonAcH0
NDOORATN
N0BOASAN
non0RsN
nonos7on
AnanaTln
ARDNAT2N
ADAN&TIN
noN0s740
aAnBnATSN
00006750
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G0 Y0 737
Exk! DO 734 I=1.N
734 XMULYIY= XM{1)+Q (1)
XBAR =XRAR+ (N+]1)
GO TO 750
739 CONT TNUE
IF (ITER2- T1TMAX) 7334740, 740
Tan 1SENT=S
60 TO Sno0
c
c TEST IF  X{(Jy NEGATIVE
c
137 Do 470 )=) M)
IF  (xtJd)) B0lsa70+470
47Tn CONTINUE
o
C END OF MAIN PROGRAM [ NnP
C

5070 SU4NI =0.0nD
NO SC10 T = 1¢ M
SUMNI = SUUNT « x(T1)
5010 CONTINUE
IF (SsUMNTY 751, 782, 751
752 ISENT=6
G0 T0 5300
751 CONTINUF
no sol1l r
S011 XMOFR(1) =

= 1le M
X(1} / SUMNT

s EeNale Ne Ry

NP1l = N + ]
DO 6000 1= 1N
DO ANO0OAO U= 1N
GiI.J) = 0,000
DO AOON <= 1M

GlIed) = Giled) = ALT«KIBALSKI® X (K)

AQ0N COMTINUFE
DO &£001 T = 14N
G{l« MP1IY 0,000
GNPl T} 0,000
DO s0n> K = M
G(tle NPLY)
{NPYY. 1)
6002 CONTINUE
Gilea NEYIY)
GINPI1e )
aNNY CONTINUE
GINPILWNPIYY = 0,0
X8AQ = StMyr
YHPRIM = 0,0
HNRTSM = 0.0
DG A010 T = LM
RTPIIY = 1,0
&010 CONTINUE
AN FOAN K = M

nn

+*

ARINPLL, T)

X3ao
X3ap

F{le NPYY)
G(MN21Y, T

NN

n o

YHPPIM = XdPRTM + X(xX) & ( ((7L(Ke8)%TX + 7| (Ke))®TX & 7L (Ke2})

NOTE 3 ROUTINE TD CHECK FGR & SINGULAR NERIVATIVFE MATRIX
IN RTP & RBP AQRAYS HaS 3EEN RFMOvEN,

ANNITIONAL CALCULATIONS RENJIRED AaY HerHEM:

G{I+ NPIL) *+ A(l«x}e X{%)
A{T.K}® x{X)

nNonn&7TTOn
nOO0ATRA
ADOBOATIN
noDOSBON
noNo&A8B1LN
nOD0ARB2D
h000RB30
00006840
NONNARSH
nonOABSD
noa0&870
noN0sBA0
NOONSKRIN
annas900
nODORSILN
00004920
nN0DRI3IN
n0006940
nNDoARISN
nooRARIAD
noONARITN
00004980
n0004990
0neaTICo
00007010
nooo7TAZN
nonnTINIn
00007040
AODOTOSD
NOONTHED
naNoT070
nDOOTNRN
annnTINgn
anporlion
nnooTiln
noontlen
anno713on
nonn7lan
nnnn7?isn
n0N0TLAD
hoo07170
nonoyY1RO
noon719N
nNona7T200
nonnT210
nooorazn
nnan7230
A0007240
nonn7250
nanNnT2s0
noonI270
nonny27s
pooOnTZ8N
noon1290
nonn730n
ANNN?T310
nonn732n
ADDNTIZN
nONNT340
non073sn



s Ne N NN

/070
A0730

K040

A0S0

A0ARD

5000
5100
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2 T+ ZL{Ks1l) K
XHORT (K} = X{K) # HORT{K) ’ ZLEKWS)Z(TRaTH)
HNRTSM = HARTGM » YHDPT <)
NN 6020 I = 1M

RYP({I) = RYP({]) = A{T.X) % XHORT(X)
CONT INUFE

CONTINGUE

RTP(NP1]) = ANRPTSM / YRAR

NDL=N‘L
NO 6040 T = ] NPL

RYO®{IY = RTIPIL) / Twp

CONTINUF

TPP = NXMSOL (IMXNSLWNPLs5eRTD)

CSUBP = @.n

N0 ANE0 K = 1M

RTPA = 0.0

NO AROS0 T = 1.

RTPA = RTPA + RTIS(]) & A(].K)

COMNTINUE .

CSUBP = CSBP + (HORT(X)/TMP - RTPA}#XHOR

ot INGE TPA)Y #XHORT (k)
SMDHDT = XHPRIM + AQR®TMP® (CSURD + RT2(NP11) #HORTSM/SUMNT)

RETURN

FRROR: SET YMOIE FRACTIONS To n,
DO S100 1 = 14 1TOTSP

XMOFR({I) = p,

RETLURN
END

¥

A0007360
n0NQ7370
00007380
n0007390
ANOO7400
AB007410
N0007420
n0007430
A000T440
n00A745n0
00007460
n60NT470
noo07510
00007540
00007550
An007560
NONOTSTO
00007580
n0007590
NODOTHOO
nOOOTALN
00007620
00007430
00007640
n0ON07650
POGOT7HEN
A0007570
N00DTEBD
nOHN07590
A0007700
n0007710
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FUNCTION NXNSOL (THMa TN A . 00007720
CNXN&NL nOOO7730
IMPLICIT RFAL#A({A=HN=7) NOBO7740
DIMENSTION A(2).R(2) nODDT7SN
INTEGFR XRAW fnonTTAD
XROW{KNDOF X e KONIFX)=XNDITX#MmMaKNNAF X AODOTTTN

M=TM nonNnTTAN

N=IN AnOOT7IIN
NY=N-] neno7Bon

DO 44 J=1.N1 nonNnN7810

K=.) nonnTa20
NIENTS| no0007A3N
JJ=XROW (Je ) NOODT7RLD
WS1=DARS (A (I ) ANNOTBSN

c LOOP TO FIND LARGEST noDN78A0
hbN 11 L=Jl.N AGNOTRTO
LJ=XROW(L .} noo0o7880
WWSISDARS (A (LY ) nono7BRIn

} IF (WS1-WWS1) 12411411 nODDTION
17 WS1=WwS1 nooo7310
K=L nnnorIen

11 CONTINUE neONTIIN
IF (J=K) 1343231 noNOTI40

c $ IF DTAG NOT LARGFST INTERCHANGE ROWS noo07350
17 D0 26 L= 1.N LT RET
JLEXROW (Js) no007970
KL=XROW(Ks[) A0NOTI8B0
WS1=A{JL) 00007990
ALJLY=A(KL) ADOORNDN

6 A(KL)Y=WS] noooa0lo
WS1=B() noDOANZD
B(J)=R(K) nOOBRNID
RIK)=4S) , AoO0NaNGD

al nn 33 L=JlaN npOORANSD
JL=E XROMW (J.L) noNORNAD
IF(A{JU)) I3454,37 NOOBRNTD

13 AtJLY= ALJLYZA0J noonansn
BN =RIJI 780N nnooRNI0

nn 43 L =1laN nonoalon

IF (L =J) 37+4463.+37 Aon0onlln

17 LJ = XROW(L +. nnooR1zZn
18 N0 al) L2=J1.N nonoslan
LLZ= XROWIL +L2) annpalan

JLP2= XROW( jeL™) 0ononalsn

41 A(LLZ) = A(LL2 )-A(LJ Yea(JL?) nooDR1AN
R{L) = B(Ly=-A(L)=R({.D) ANDBOALTD

43 COMTINUE anonalan
44 CONTINUE f000RL90
C LAST COLiMN HAS NNOT REEIN DONF YFY NONNRZ0N
MN= XROW [(NoN) _ : HoONA21N

IF (A(MN)) 6K ,S4 .46 nNNONR220

4R RINI= BN} /A (NN) noONARZ30
Do S0 L=1l.v} nonoRZ40

LN= XRNW (L 4N) no0NAa250

S0 J{LY= B{L)= A(LH)®R(\) ADNNRZEN
NYNSO| =] nRONA270
RFTLIQM nonNnNaAZan

S4 NYNSOL =2 noooe29n
RFTURY aonnNr3pn

FHn ngonRrR3lN
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2000.
SNG.
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15,
0.0R8
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1.625
l.

Qiir) w281

16.H275
2N,

14,45
Na
mnn.
1.6
2
N5
P00,
2.95
3.

N,094
n.117

N.094
n.09]
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P
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n,s
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#*CyCLE STMULATION FCR DIRECT INJECTION ENGINE**

———— C20058.DAT

RUN #37 JUN.

28 VI7T-————-

VERSICN 1¥%

*

TARLE CF INPUT DATA AND INITIAL ENGINE CONDITICNS
PSP AR LR RED R B IRRA VAR ER RIS A B R R A SIS BB RAR AR SRR A SRR AR R SRR RR B R R RD ISR RS R SRR SRR RIS R SRR I SNATRIE S

INTTIAL JET SPEELC

VINIT= 5530.9CH/SEC
ENGINE CEOMETRY i TIVING * FUEL PRCPERTIES * ESTIMATE TEMPERATURES
STRCKE = 9.842CV *  TNT.VAL.OQPEN = -20.0DEG * Z¥{NO. OF H) = 14.5 *  PISTCN TLP({TP) = £50.CK
CCNWGRLD = 16.83CH * CXH,VAL.OPEN = 480.0DEG * IN(ND. OF C) = 9.0 * LYL.WALLITW) s 600.0K
BCRE = 9.842LM * INT.VAL.CLOSE = 200.0DEG * SAFC(STGICH.A/F)= l4a.4 *  CYLHEACITCYLH)= 650.0K
CLEAR.VOL. = 12.7Q0CM*23 = EXH.VALLCLOSE = 14.0DEG * LCWER HEATING = 1002G. CAL/G* INT.VALVE(TINVI= 500.CK
CLP VvCiL. = 57.2%CK*x3 & FUEL INJ.START= 330.0DEC * VAPDARAIZING HEAT = 64. CAL/G* EXH.VALVE(TEXV)= T700.0K
FUEL INJLEND = 360.0DEG *  DENSITY = 0.8CCC/Cunads
INITIAL JET CATA * JET MIXING PARAMETER * PLUFE FCODEL
JET CIRECTIDN»® * SWIRL RATIO AT 8uC = 3.650*RPM ¥ INITIAL PLUME RAGILS = 0.1C00 CM *
ANSLE(VERTICAL) = 34.20 DEG * AIR ENTRAIN. PARAMETER * ENTRAIN. PARAMETER = C.220 *
ANGLE{TANTENTIALY= 15.3C DCG * AL PHA = 0.070 * LAM. FLAME SPEED = 200,00 CM/SEC =
JET »aCIus = 0.52227 CH * BETA = 0.35% * SPARK PLUG LGCATIGN = 5C.C0 DES *
JET LCTATICNIR) = 2.0%0 (M * DENSITY OF SURROUL. GAS = 0.31200 G/CC * (FRCM INJ. ACZILE)
PISTCN CUP RADIUS = 2.465 CM * SWIRL CECAY FTACTLCR = 0.650E-0% * TAYLCR MICRO SCALE = 0.024386 CM
ENGINE CONDITIEN * INTAXE CCNWDITIONS * COMPUT "NG INTERVALS * PRINT CCNYROL
ENSINE SPEED = 200Z. RPV * PRLSSURE = 0.960 ATA * VALVE OVERLAP= 2.80 DEG = VALVF OQVERLAP= 1.00
FUEL AMJUNT = C.02970 G/SHIT* TEMPLRATURE = 310,00 K * INTAKE = 2.00 BEG * [NT&KE = 1.00
£4GR = C.0 * LQUl. R TIG = 2.0 * COMPRESSION = 2.90 DEG » CCMPRESSICN = 1.C0
AP TENT CONDITICNS * EXHALST CONDITIONSUASSUMEY * COMBUSTIGN = 3,75 DES * COMBUSTICN = 1.00
PRESSURE = 1.0 ATA * PRESSURE = 1.03 ATA * EXPANSION = 2.00 DEG * EXPANSION = 1.C0
TEMPERATURE = 310.,C0 K * TEMPERATURE = 786.00 K * EXHAUST = 2.00 BEG * EXHAUST = 1.60
* LCUI. RATID = 0.500 *
INTAKE VALVE * HEAT TRANS. AREA * HEAT TRANS. CCEFF * INITIAL CCONDITICN
CTAMETER = 4,570 LM * [NTAKE VALVE = 16,403 CM%a2% {hCSCHNI'S EC.) * CYL. PRESS. = 1.27 ATA
LIFT = 1.£25 C“ ® CEXHAYST VALVE= 6,835 CMew2& COHT = 1.60000 *= CyL. TEMP. = 786.0 DEC
NUMHBER = 1.0 ¥ PISTON TGP = 57.066 Ches2x CGHT] =  2.28000 * Cyl., EQUI. = 0.500
EAHAUST VALVE * PISTGN TOP = 46,576 ChP=%2% (OHT2 = 0.00320 * EXHAUST TEMP,.x 786.0 DEG =
CIAMETER = 2.552 C¥ * LYL. FEAD = 52.B40G CHox2x
LIFY = 1.£25 (™ * LYL. wALL = VARTABLE*
NUMEZER = 1.0 *
FRICTICN LOSS *
PISTCN SKIRT = 7.0C00 CM *
JCU. BEAR. COE= 1.630 *
= 3.0 *

NCa CF RINGS

toT



INTAKE VALVE-—-EFFECTIVE FLOW AREA VS.
NCRMALIZED CRANK AMNKLE

9.0 0.058 0.C9¢&

G712 0.750 0.789
NCRMALIZED EFFECTIVE FLCW AREA

0.0 0.200 C.005

C.409 0.345 0.240

EXHAUST VALVE--FFFECTIVE FLOW AREA V¥S.
NCRMALTZED CRANK ANKLE

0.0 0.058 0.096

6.712 0.750 C.789
NCRMALIZED EFFcCYIVE FLOW AREA

.0 0.061 0.015

O.644 0.592 C.480

CRANK ANGLE

C.135
0.827

C.C44
0.132
CRANK ANGLE

C.135
C.827

C.llb
C.310

0,173
0-865

0.132
C.044

0.173
0.8565

0.310
0.116

g.211
0.9%04

0.240
0.005

0.211
0.904

G.480
0.015

0.25C
0.942

0.345
0.0CC

0.25C
0.942

0.4592
0.001

Q.288
1.60¢C

0.409

0.228
1.000

0.644
0.0

0.308

C.417

0.308

€.650

0.6%92

Cubl1?

L.5692

€C.65¢C

%91



INTAKE ANC EXHAUST VALVE CPEN

CUTPUT DATA

THED P
DESG ATA
-E. 1.31
-6.0 1.33
-4.0 1.35
=2.0 1.35
C.Q 1.34
2.0 1.31
4,0 1.25
6.8 1.16
8.0 1.06
10.2 &.98
12.0 0.95
14.90 0.95

K

79C.
792.
793.
791.
788.
783.
173,
758.
741,
725.
721.
124,

v
cree3

75.
73.
1.
0.
70.
70.
Ti.
73.
15,
17.
al.
84,

WCRK
PS

-0.00
-2.00
=C.00
-0.00
-0.01
-0.00
-2.90
-0.00
-0.00
=3.00
=3.20
-0.00

CYL.MAS
KG

0.043
C.043
C.043
0.042
0.042
C.Cal
C.04GC
0.039
c.018
0.037
0.037
€.039

HEAT TRANSFER

CAL/ZA

-0.862E-02
-0.887E-02
-0.%01E-02
-0.901E-02
-0.B86E-Q2
-0.854E-02
~0.793E-02
-G.698E-02
-0.583E-02
=0+471E-02
=-0.397E-02
-0.407TE-02

CAL

-0.345E-01
-0.700E-01
~0.106E+00
-0.142E+00
-0.17T7E+00
-0.212E+00
-0.243E+00
-0.271E+Q0
-0.295C+00
~0.313E+00
-0,329E+C0
=04 3HH6E+00

REFI
CM*x#2

0.01
0.03
0.05
Q.08
0.11
0.21
Os b2
0.63
0.84
1.09
1.59
2.08

GHWI
Grs

-0 16
~0.28
~0.73
-1.22
~1.£9
-2.35
-5.27
’7- 71
~B.55
~h460

4.43
10.18

AEFE
CH®®?

D.17
0.13
¢.09
0.C5
0.02
0.02
0.01
0.0l
0.01
0.01
0.CC
0.0

GWE
G/5

-2.59
~2.41
-1.85
-1l.17
=-0.49
~0.30

- =0.24

0416
-0.909
0.02
0.C4
.01

S9T



TNTAKE VALVE OPrN

CuTsUT DATA

THEE
DEG

16.0
18.¢
2C.C
22.C
24.0
26.C
2E.C
32.C
2.0
14.C
5.0
t.cC
40.0C
42.0
G4, T
45,40
42,0
55.C
52.C
S4.0
Re.T
S5T.0
5C.C
]
54,0

L& _r
=

£5.0
TCev
72.C
Ta.D
TLed
72,2
20,3

2aZ
94,0
26.C
BE.2
Slev
32.C
LT
3,0
co._n

132.0
102.¢
13427
158,

112.9

et pan gt 3t bs s g

CdFI TIPS (g wed g d
LI T T T R I
SEVEP R NT RS NG R

EETIRF oI oI NI B T R o

P
ATA

0.75
N.95%
0.93
0.92
0.722
2.92
Q.33
0.93
2.93
Q.23
D.93
D.713
0.93
0.93
2.93
T3}
J.33
C.73
0.91%
g.391%
C.”}
C.3
C.23
C.73
0. 42
Ca?2
Q.92
Cavd
.32
0.492
.72
2.92
.92
.72
D.52
0,22
G.72
Sed3
0.93
c.
.73
D.93
.93
.93
2,33
d.93
C.93
e 4
0.9%
0.94
0.54
0.94
e T 4
G4
C.n4%
C.0%
.55

WCRK
Ps

~-0,00
=-32.20
-%.71
-J.01
3,31
=-0.71
-C.01
=0.01
-0.31
-0.01
-J.22
=D.02
-0,.02
-3.02
-0.22
-0.02
-D,.02
=3.723
=C.03
-£.03
=Ta73
=0.03
-0,06
0.6
=N,0N%
=N,.04
=3.35
-0.05
~C. 08
=025
=035
-,
R FYAL
=-N.CH
-C.C5
-2.017
=t.uf
-C_3r
0.7
=208
-2.79
-C.73
-N.38
=J3.08
=C.28
-T.T0
=-7.2%9
-{,27
BT ERAL]
—-0.n3
=-".C9
=-%.19
-2.10
-C.1N
~7. 10
=5.10

oo
el

CYL.MAS
G

C.041
C.0a3
C.067
c,052
C.L%7
C.066
0.074
c.081
0.092
£.1491
Calll
G.1c1
C.132
Coled
0.15%%
C.156
G.178
L.192
C.202
C.214
Ca727
0.240
C.253
G2l
¢.280
€.293
C.A0T
C.320
Ce334
C.348
c.36l
£.375
C.3RG
Ca%23
C.416
G.a3l
V4443
J.a57
Q.670
CafiR3
D.47%
C.399
C.h22
N.5%4
Cofine T
L.57%
C.5T71
f.532
C.5"1)
C.634
£.615
Cab25%
Cebh 30
C.hah
CW655
Sehilk

DahT3

HEAT TRANSFELR

CAL/A

=0.426E-02
-0+ 44SE-D2
~0.3756L=-02
-0.190E-02
J.6l6E-G4
0.19%E-02
Cu37AE-02
C.551E-C2
C.716F-02
O.ATLE-Q2
0.102E-01
0.115E6-01
C.128E-01
0.141F~-01
0.153E-01
0.164E-01
C.,175¢=-01
0.186t-01
0.196E-C1
0.2064E=-01
0.215E-C1
0.225E-C1
0.2340~01
Ca243L-D1
0.252E-01
C.2610-01
S22 TOE=R)
J.274E-01
G.29TE-C1
0.2%50=01
0.303t-01
C.211F-01
C.315k-01
G.327F-0D1
0., 13%E=-01
0.343E-01
C.35CE~01
0a357E=-01
C.365E-01
C,372E~C1
G.379E-01
Ca.3RSE-2)
Ca392E-CL
0,3995-01
<. 40%F=-01
Ze4l1E-0C1
0.4177-01
D.%23E-01
CehZNF-01
0.434T-C1
U.a39f-01
0.444E~01
GattvE-C1
Q.&54[-01
0.4539F-01
C.aBIE-01
C.467E5=01

CAL

=0.3630400
-0.381C+C0
-0.394C+C0
=-0.4CIE+QD
~0.4530+00
~0.3950+00
-0.390C«00
=0.358B7+20
-0.,329F+00
-0,2950+00
-0.25404+20
~0,208F+QQ
-0.154E+400
-0.1CeC+C0
-0, 19901
Q.265E-01
D.944F=01
0.171£+400
0.249F¢00
N 311F+20
Q.4lPL+J0
0.524L+00
T.LOLF+00
0,L%99F 400
D.7207 490
3.574E-20
0.101C+C1
0.112F+0]
C.1240+01
L.1%6E+401
0.1480801
0.1A0I+01
0.1738+01
GulH6F+01
0.19%+01
0.213E+01
C.2270+01
Q.2420+01
Q.25580 0]
Q.2710+01L
W2RGEHDL
U332k +01}
D.3LTE+0]
0.3330+01
H.3090a0}
. 266001
D.3320+01
Q. 1990+01)
0.41T70+01
N.,424040!]
D.4518401
0.449L+C1
Ga43TC401
N.5080+0]
D.52aT42)
Su5u2C+01
J.561E+01

AEF1
CM*%2

2.57
3.06
3.66
h.27
4.88
S.48
6.08
6.63
7.20
T.76
B,23
8,59
B.94
9.30
2,57
9.465
9.72
9.72
9,72
9.72
9.72
.72
F.72
9,72
.72
Q.12
.72
.12
9.72
9.72
9,72
3.72
.72
9.72
.72
9.72
9.72
9.72
3.12
9,72
9,72
.72
9.72
9. 72
9.72
2,72
9.72
e.72
9.72
Q.72
9,72
9.72
3,72
9.72
9,72
9,72
.72

Gt
G/s

11.568
13.C6
22.59
331.(3
39.28
h3.52
47,85
50.50
54,04
51.C5
59.4%
6l1.29
$3.59
65,054
68.11
H9.36
10.87
72.26
73.41
T74.55
76.21
77.35
18,39
79.30
a0.10
Ap. 79
81,128
81.€2
B2.16
A2.40
82.53
R2.5%
RZ .44
B2.27
R1.58
gl.59
81.1¢0C
20,50
19.82
79.L3
78.15
77.18
76,12
7467
73.73
72,40
71.C0
59,51
AT.725
66,31
64 .60
h2.82
&0, 9F
52.C7
57.11
55.10
53.03

qQaT



132.90
132.3
14,0
1358
13¥2.0
NCT
142.0
14,0
| E
143.0
1%2.2
132.¢
154.2
155.0
1%4.3
15C.C
82.9
144.0
1L6.C
149.8
17€.9
112.2
174,73
175.7
173.2
120
132.2
184.2
194,35
112,92
152.0
152.¢C
194,73
| Se LA
ic2.C
2CC.C

0.95 51
0. 75 51,
0.95% 151,
Tath 152.
Q.0 150.
0.9% 352,
0,95 152,
O.5n IT2.
Ca%a 193,
0.95 151,
0.5 153,
t.n5 151,
Ceq% 154,
0.95 334,
.75 ita,
0.49% 129,
g.9% 155,
C.n Che
0,95 155,
Ca3% 357.
3.0 157,
0.5 s,
Q.6 359,
0.56 153,
o4 1549,
AR S 360,
b 1] 1bia
J.04 160,
0.97 2613,
0.97 352,
o. 13 3h4.
0.93 55,
.19 LN
g.n" IR,
1.00 6.
1.01 Y7L,
CyTaaLL

voLyvEiTIg

Naucen
Py =

Al ANE

1.
725,
TiY.
120.
Ta?,
154,
180,
1hé.e
112,
177,
742,
187,
11
185,
117,
aci.
#lb.
ey,
Pli.
f13.
FlG.
91&.
arv.
E1%&,
e19.
E10.
E19.
F1P.
RLY.
A16.
ElS.
4113,
Flla.
E7R,
olb.

B03.

=J.10
-2a.10
=2.10
~Qal0Q
=271
-0.11
-0.11
=J.11
-0.11
~3.11
-0.11
~C.l1
-C.11
-3.11
-J.11
-0.11
-1l
=r.1
~2.11
=0.11
=0.1%
-2.11
0«11
-J.11
-1.1l
-0 11
-2.11
=3.11
-0.11
-%.11
-Z.11
-0.11
-7.11
-1l
~-0.11
=N.1)

TFFICTICNCY:
CIARCCT CHAQALED AR PH]

REG.
5244

roUIYaLLnCh RATIO

£AS KTX
FASS =

C.e6B C.471E-01L
Ce870 G L,4T5F-01
Q. 692 ,4TR{-0)
G.I0% 0. &81L-01
G712 Y.4Baf-C1
Y. 718 0.&48B7E-D1
C.724 C.490F-01
CaTIC D,8%2€-01
V735 0.%494E-01
CLT40  N,69%E=N1
Cuolhts 0.4SEE-N]
C.Th4  (0,693F-01
C.7%1 C.5C0E-01
C.75%5 0.501F=01
S.757 ©£.522E-Cl
T.760  C.502F-01
C.762 0Q.503£-91
C.744 £ ,503F-01
0.765 O.5C3E-01
C.tee 0,.5020-01
T.TAT  CLSC7E-C1
C.7T67 D,.501€-91
T.THAE  C.5CLIC-0]
C.748 G_.%8%E-0L
0.768 Q.499t=-D"
C. 768 D.H9RE-Q]
Co768 Q.4911=-01
L.THR 0D,485F-N1
Ce70,B8  0.494F-0)
C.THA N,ER3E-01
C.T6d 0.491E-01
L C.7h8 0.4950E=-01
C.748 ¢.48HE-D1
CuTLB  CL4RIT=-D]
C.758 C.485%E-D1
C.78B Q.4RIE-N]
0.5490
¢.B85%
G.031

0.41BE-045

0.580E+01
J.599C+ 01
C.6]14L¢0]
S.637L+01L
.65 +01
0.575E+0]
C.6908¢731
0. TLRE+Q1
0. 145E+ 31
0,759 +01
. 7TSEeQ1
G.195E+>1
D.81%E40]
0.E35E«0]
0.A55C+01
D.HTSE+Ql
Q.895E+0]
0.9157+31
0.935L¢0]
0.655k+01
J.978F+01
G.995F+01
Q.IN2E+L2
Q. 1045402
0.1CCE+02
Q.10RE+02
C.11CE02
O.ll2b¢C2
D.113E¢02
D.115E402
O.ELIE*D2
J.Li9F« 02
0.121F+02
Q.123F+p2
D.125E+02
N.12TC+02

Q.72
.72
9.65
9.517
2.30
B.3%
B.59
E.23
Ta76h
T.20
G.63
6.06
548
4,80
427
3.‘1’5
3.06
Z2.57
2.08
1.59
1.09
C.A4
0.563
0.42
0.21
0.11
0.08
0.05
0.03
VN1
0.01%
0.01
0.01
0,00
0.C0
o.0

50.91
4R, T6
TR ]
«3 .59
41.40
3g.50
35.78
33.40
31.C9
28,37
25.£8
23.54
21.28
142.499
16.72
14,48
12.26
10.26
B.42
L1
4,72

3.27
2.40

1.96
0.¢€0
C.23
-0.CH
-0. 186
~0.14
-0.C7
=0.C(5
~C.CS
-0.C4
-0, C3
-0.C2
-0.C1

9T



CUTPLT DATA

T+IC
DFS
2€2.0
206 .0
22643
/09.0
2120
212.3
2l4.0
215.0
218.5
222.6
2x2.0
224,35
22%.0
22e.¢
235.9
232.¢
234,0
23L.)
232.2
240,02
247,02
294,32
24547
24323

~ma .
R

45243
274 ,0
5.9
258,0
2L0.0
252.C
JtL.l
256.0
248.0

=
-

212.0
27T4.0
275.3
270.3
232,95
282,17
224,

235.0
2ee.3
T
232.3
27440
2G8c.3
233.0
3o,

3%T2.0
324,72
32%.2
ine, 2
312.9
314.0
315.C

-]
ATA
1.01
1.02
1.23
1.34
1.25
l.246
1.07
1.9
1.10
1.12
1.13
1.15
1.17
1.1%
1.72
1.63
1.25

.27
1.3D
1.34
1.35
1.38
1.62
1.4%
fe40
1.53
i.57
1,62
fatb
1.71
1.77
1.31
1.29
1.54%
2433
2.1:
2.17
2.24
2. 54
2,43
Zea0
2.1
2.3%
2.90
3.6
1.31
E L]
3.5
1.91
4.15
bl
4,49
5.0%
5.34
L
&.12
6.57
T.36

CCMPRESSICN

=87,
547,
[
[N
h2sa
H41,

5512,

A4
Cresry
199,
795,
191,
INT,
192,
177,
112,
746,
180,
754,
11,
740,
733,

125
718,
727,
C1.
£92,
£R1.
£r3,
th,
£53.
3.
l-.ll.

£22.

11,

STh.

WCHK
3

=C.11
-0.11
-0.11
-0.11
=0.11
=211
-0.12
-N.12
=2.12
-0.12
-0.12
-%.12
-9.13
=C.t3
=3.13
=Talb
=014
-%.15
=J3.15
=315
=227
=217
=C.1
=n.19
=329
~L.72
~J.gn

P T
T ¥

E s s

-7.28
~2.35
-2,37
-C.35
~2.37
~0,63
-G.h3
=Dl
=0.59
—2.%4
-0.59
-7.53
-2.5R
0. Th
-7.7C
-C‘Df_’
~J.72
-1.%02
-1.27
~1.1A
~1.2&
-1.3%
1.6
=1l.R%
-1.55%
-1.73
-1.71
-2.33
~2.19

CYL.MAS

5

C.768
C.748
D.708
C.768
C.T&LR
C.76B
C.748
C.748
0.768
Ca708
C.768
C.THE
C. 708
Co70Y
.48
0. 748
C.7u8
C.748
C.7682
C.768
C.76A8
G.708
C.748
Ca.T419
C.75¢8
C.TL8
C.768
C.T4P
0.76G2
C. 708
¢,768
Q.768
C.758
S.768
D,.T6R
Ce.7LA
C.75%
N.7LP
C.764
C.7hB
0.7uB
C.TAE
c.rtd
€.7n9
C.75H
C.TLE
C. TAHR
C.75R
C.76R
C.748
c.7L0B
C.760
C.768
0.7689
C.T48
L.758
Q9.768
€. 7158

HEAT TRANSFER

CAL/A
D.4R2E-01
0.,482E-01
G.4780-01
C.4T6E-C)
Q0.4T3E-01
D.471C-01
0.463E-01
Q.4E6E-01
C.4640-01
CubtlE-D1
D.45%9€=-01
Q.u50F-01
0.%53E-01
Q.&50E-N1
Qetasaif=-01
CetatE-D1
0.440E-91]
0.427E-01
D.433C-01
C.43)E-01
Teh26E=0]
Ouh22T-01
C.418£-01
0.4612C0-01
2.L090-01
0 &045-01
0.35731~01
G.1Mel-51
C,t88F-01
C.1HIE-D1
C.377E-01
0.370:=-01
Ca3eni-01
C.357c=n1
C.350E-01
D.3420-01
C.330E=-01
U.225F=01
Ce316E-01
C.207T-01
D,291r=G1!
0,286F-01
G2 T4E-0D1
C.251E-¢1
0.249{-01
D.236F-01
J.218E-21
C.202F=-01
J.184E-01
G« 165E-01
0.144E5-01
c,1220-C1
f.n73E-02
D.,706E-D2
Jublab-02
£.7450=-073

-0.257CL-02
-C.544E-02

cat
0.129E+02
0.131E+02
0.133F+02
0.135E+02
Del3TED2
D.1391402
Q. 140E+02
D.142E+02
D.1%4C¢02
O+ L4BE+C2
0.14BE+02
0. 15CE+N2
N.151E+02
0.153E+02
0.1558+02
G.1%T8402
04159 +22
0.1400402
0.1620+402
D.1HGE402
Q. 1AEL+D2
Qe lbLTESDD
D.169f +02
O.171E+4C2
DLLT2L+02
Ul far«02
C.1750+02
0.177L+32
J.179F+02
0.1P0L+02
C.I420 +02
0.183C+02
D.104F «02
.14 +02
C.187E+D2
Del99E+]2
D.1nSEel2
0.191L+02
O.173E+02
O.1%L+02
0.14950+02
0.194F +02
DL1HTE+G2
0,171aF+02
D.199E402
C.2ICL+02
0.20iE+22
0.2n2r+402
0,2230+22
L2030 32
C.20ak+02
0.2247402
2.2050+52
D.,205T+02
N.20%E402
2.72%6E+02
D.205F+32
D.205L+02

FSHWR

0.799
0.999
0.9%8
0.997
0.297
.96
G998
G.99%
0.794
0,994
0.%93
0.9%2
0.992
0,991
G991
D990
C.389
0.78%
Q.988
0.987
2.9R7
0.986
0,285
n,94%
0.794
D.384
0.98%
0.982
0.982
7,981
0.982
0.980
0.979
C.%78
0.978
C.977
2.%976
0.4976
C.975
0.775
0.974
0.973
0.973
0.%12
C.971
0.970
C.270
0.969
0.948
0.%68
C.267
Ta366
0.955
0.965
0.9h%
0,963
D.962
Qa961

S«RT
*2PM
3.65
3.4%
3.65
3.H5
3. 605
3.65
3.65
3.65
3.65
V.64
l.64
3.64
EPLY)
1,64
.64
.04
ERY-1]
3.564
3.55
3.65
3.65
3.6%
2.69
3.65
3.65
1.66
3.46
3.6
157
3.67
3.617
.68
3.66
3.69
3456
3.76
3,71
1.71
1.12
3.73
TaT74
3.75
3.76
3.78
1.79
3.81
3.82
3.84
3.86
I.RE
1,91
V.94
3.97
4.CC
4433
4.1
4o12
4e17

891



318.0
azec.c
322.0
324.0
32649
32R.0
33C.0

T.60
8.22
B.86
.58
10.37
11.24
12.19

6€5.
678.
691,
7105,
719.

. 1313,

T48.

191.
180.
17C.
161,
151.
142.
134.

=2.%4
=2.51
-2.57
~2.85
-3.04
-3.23
-3.43

C.768
C.T68
0.7568
0.768
0.758
C.768
G.768

=0.1C7E~01
=0.154E-01
=0.2C7E-01
-0.2649E-01
=C.329E~01
-0.4C0E-01
-0.479E-01

0.204E402
0.204E+02
N.203E+02
0.202E+02
0+201E+02
0.199E+402
0.197E+02

0.961
0.960
0.999
0.958
Q.957
0.956
0.955

4,23
4,29
4.36
4444
4,52
.62
4.74

691



COYIUSTION ASND EXPANSICH

CUTPUT DATA

THED PRESS
NLS ew TaAV
233.7 PRCSS,=

TCTaL

1 1 7117,
2 1 1.
337.5 OPASS.=
TCTAL
1 1 BLS,
2 2 137,
31 R3%,
34142 PRESS.=
TCTAL
11 334,
2 2 3 3.
1 2 170.
4 i 834,

345,20 PRELS,s

TCTAL
1 1 Ritba
2 2 12aN,
32 as0.
4 2 Axl.
5 1 A£G,
349,77 ouiss.
ToTaL
1 Q5] .
2 2 1452.
3 2 1371,
& 2 1004,
5 2 A%1.
a 1 adl.
3%2.8% PRESS.L=
TCTAL
11 FTLN
2 1 225,
203 £lonk,
4 1 17as,
3 2 127,
H 2 ary,
701 ELEN
3686,2 PRESS.=
TCTAL
1 1 133,
2 1 253’
33 24013,
4 3 2214,
S 3 1378,
& 3 1a7:,
2 99,
g 1 ase,

NIy
K

14,27

T17.

16,61

1214,
-28,
Bin,

22.5¢

2271,
1923,
1427,

252,

9T1.

14,462

2325,
2113,
1745,
150,
Li6,
G413,

41.54

25132,
2423,
22173,
19718,
1417),

L3l.

753,

PS ¥SWiIR
N.gY MASS PEAS
MG *G
?Se =%3.,R FSWIR= 0.9
£.0
758.6
C.D 13,2 0.0
PS= -4.,2 FSWIR= (£,950
~GeB32
Tal.l
-S.212 2041 1.8
C.C 11.4 C.0
PS¢z =-4,7 FSWIR= (,948
C.07
717.7
C.019 27.0 €.3
-T.012 2%.17 1.8
Z.0 13.7 C.0
Pe= =35,1 FSWIR= (.945
2.017
635.3
£.123 16,2 14.7
C.024 27.9 [ 39}
-C.211 21.5 1.9
C.C 14,2 C.C
PL: =5,4 FSWIR= £,9
L7
b43,4
L.374 41.R 29.8
Celad 315.4 18,0
c,oan 22,9 1.C
=Z.Con 224 2.0
c.0 14.9 C.0
PS=  -C,8 TSWIR= (,.53¢
Telal
551,20
Tehi2 50.3 41.8
ek 43,4 3%.4
Cacl? 5.7 2€.9
Sa0mn 13.0 18,3
=l.020 23.3 7.8
£.0 135 .o
Pz ~s.0 FSWio= 0,931
C.3ln
529.5
7.819 £4,9 5C.3
T.bT4 1.7 43,4
t.514 44,9 3e.7
7. 152 317.23 3C.0
SeltR 1.2 -
-L.01la 245.1 F.3
.C 14.1 c.0

$.RT= 5.953

9552

8R,01

5.7 3.56

1.5 2410

C.C laG%

S.RT= 6.491
8h.42

74,25

13.7 529
3% 3.26

Leb 2ell

0.0 1.49

5.87= 7.pag
73,21

e0.27

2R.C B8.03
14.9 4,77
£.3 2.94

1.7 1.71

0.0 1.33

S«RT= 7.R94
Taal2

4he 2t

41.8 9.58
5.2 7.53
27.6 h.l4
1%.8 2.78
5.3 1.61

0.0 1.14

S.AT= B,14C
Tl.0u2

35,60

5C.3  I0.11
43,4 AR.3R
36.7 b.61
36.0 4.9%
23.1 2.97
H.T 1.39

2.0 1.01

SWRT PPM HAND
LMAS v EQUl cp ENTH
MG CMa®l CAL/G CAL/G
S.RT= 5,146 SUM.H.REJ=0,192E+02
119,135 C.5%
117.31 C.03 0.267 193.8
0.0 2.03 5.69 0.432 193.8
S.RT= 5,536 SUM.H.REJ=0.186E+02
1C5.53 C.57%
1C2.19 G.03 C£.268 20l.4
1.5 2451 1.32 0.349 178.5
0.0 1.81 557 C.433 2Cl.4

SUF.MHLREJ=C.1TBE+Q2
C.59

C.0% 0.269 209.1
2.34 0,337 235.7
3.20  0.749 187.7
3.0 0.433 209.1

SUMLH.RE J=0,167TE+N2
C.5%

G.03 0,271 217.3
1.20 0,37 1353.7
2.25 (.337 247.9
3.06  0.348 19t.6
S.14 04431 217.%

SUY.H.REJ=0.153E+02
C.54

S.03 0.212 227.3
l.44 0,351 570.0
1.73 0.348 37H,3
2.17 0.3%8 267.3
2.91 G.348 212.1
4.85 0.429 227.2

SUMH,REJ=0.132E0+C2
C.59

Cuel3 Q.2T4 240.0
L.i#8 0.356 132.8
1.3 0,354 665.5
1.6 0.357 52R.0
2.08% 0C.35%8 13152.8
2.18 €.343 191.5
4.5%3  0.427 24D.0

SUMJHLREI=N.INZ2L+02
[

Ca03 D0.276 249.9
1.00 0.417 Aa14.2
1.1% 0.365 760.86
1.3% 0.356 #9605
1.61 04359 (15.4
2.90 0.361 429.%8
2.67 0.345 221,2
4.36 2,425 249.8

PPM

52,
52.
48.

52.
52.
3l
48.

51,
52.
a7.
3.
“8.

50.
52.
41,
7.
32.
48 .

5C.
52.
b4,
4.
38.
33.
49,

50.
52.
R,
LIS
4“2,
38.
34,
49,

75
572.

385.

56
4% .
424
35,
34,
49,

WKG

FPM G*108%4

42,
‘.ll
0.52

42.
40.
0.69
0.53

42.
39,
1.27
0.92
G.55

‘2.
37.
l.€86
1.32
0.97
0,57

42.

35.
2.0
1.72
1.37
t.Cl1
0.%1

42,

32
2469
2.15
1.79
1.43
1.6
0.t%

63,
29.

23.171

3.09
2.22
1.85
l.48
1.11
0.¢6R

2.22
1.77
1.15

2.85
2.56
2.19
1.72
1.12

3.06
2.83
2.52
2.1%
1.67
l1.c8

3,24
2.05
2.79
20k
2.07
i.69
1.04

JET LOCATICNS

RICH) Z{CM) CEG

3z.

55.
3a.

4.
57.
34,

92.
16,
58.
4.

111.
96.
19.
60.
35,

134.
117.
1<c.
g3.
62,
36.

1k,
144,
125.
106.
B7.
£5.
37.

RJET C.ANG H.T,

cx

D.463

0.783
D.483

1.131
0.790
0.467

1.267
1.122
¢.798
G.472

1.420
1.314
1.105
C.8G7T
C.487

1.341
1.322
1.250
1.083
0.813
Cc.5CC

1.263
1.2%0
1.230
1.189
1.062
€.B2C
G.5113

DEG CAL

=0.+62E-01
=0.23E+00
C. C.0

-0.483E-01

=G.31E+00

137.-0.13E=-02
0. 0.0

=0.11E402
=0.40E+D0
170.-0.348-02
138.-0.,20E~02
0. 0.0

=0 L4F 00
~0.S2E+00
177.-0.99€-02
168.-0.49E-C2
138,-5.30E-02
¢. 0.0

=0.20E+00
=J.68E+400
170.-0.23E-01
172.-0.13€-01
166.-0.T1F-02
138.-C.54E-02
24.~C.11E-02

-0.28E+00
-0.93E+00
148.-G.39E~-01
159.-0.32E-01
165.-0.236-01
162.-3.13E-01
138.-2,57£-02
42.-0.25E-02

-G.33E+00
=0.12E+01
120.-C.52E-01
133.-G.49E-01
147.-C.43E-01
158.-0.34F-01
159.-0.20E-01
139.-0.92E-0D2
S5.=0.46E-02

0LT



34CC PRESS.= 47,53 P5= 8,1 FSWIR= 0.925 S.RT= A.275 SUM.H,REJ=0.5656E+0]

TCTAL C. b4 67.99 £.59 284, 241. ~0.&49E4C0
1 1 1705, - whiad 27,80 w03 Q.277 25%.7 52 2%, -~0.15F+01
2 3 2632 20L3D. C.913 bh. 58.9 58.9 10.14 0.90 0.478 BO6L.0 2253. 156.40 1.7 3,40 202. 1.281 111.-0.65E-01
3 2 2584, 25P4.  L,.857 53.5 5l.9 51.9 9.03 C.99 0.488 835,56 T65. 4T.67 1.8 3,23 179. 1.215 111.-0.59E-01
4 3 2457, 2457, C,T725% 2.7 LERY 46,8 7.53 1.13 0.376 781.7 73, 4.C9 1.9 3.01 1I55. 1.179 121.-0Q.54E-0}
5 1 2272, 22712. 0.545 45435 37.8 3T.8 596 1.32 0.354 720.4% 45, 2.26 2.1 2.73 133. 1.166 139.-0.52£-01
6 31 2045, 204&6. C(.384 38.5 31.0 31.0 44,49 1.5 0.359 637.6 43, 1.88 242 2.38 112. 1.151 154.-0.44E-01
T 3 1553, 1553. CL.1¢8 .7 24,1 23.9 2.77 1.95% Q.362 456,10 3. l.52 2.3 1l.98 90. 1.C54 159.-C.26E-01
3 2 055, 843, -C.012 24.7 B.6 7.0 1.32 2.59 0.366 2397.3 35. l.14 2.2 1.52 66+ QeB32 142.-0.13E-01
9 1 13C5. 10C5. C.C 16.5 C.0 0.C 0.93 4,22 0.423 255.7 49, 0.70 2.0 Q.39 31. C.525 tE.-C.LBE-02

15347 PRESL.= S1l436 PS= =/.7 FOWIR= C.M19 5.KHT= B.035 SUM.H.REJ=C,231E+401

TCTAL £.58Y T1.02 Ce59 6156, 924, =0.5TE+0Q
I 1 19. 41d.4 22.91 C.03 0.271 257.1 52. 22. =0.17E+01
2 3 25L53, 25€é0. C.9Rp Tl.1 65.3 £%,3 2,99 C.83 Q.424 829.7 3297. 244.12 1.9 3,54 238, 1l.501 139.-0,93F-01
33 2438, 2638, C.972 b4, b 59.5 59.5 9.26 C.9) OQ.4P0 B62.C 2ZT12. 183.C0 1.9 3.40 217. 1.328 125.-0.B2E-Q1
4 F 2624, 2%24. C.HES SA.H 52.7 52.7 B.28 1.01 0.499 B8S53.3 1029. 62.22 1.8 3.21 152. 1.219 117.-0.70E-01
5 3 24Rb6. 2486, 7,723 52.2 45, 45.5 £.92 l.14 0.378 797.3 B4, bahS 1.9 2.95 166, 1.162 122.-0.63E-01
6 1 2317, 23ild,.  T.562 45,2 38.5 8.5 5.53 1.33 0.356 735.1 45, 2.25 2.1 2.64 140. 1.1%6 139.-0.60F-01
T3 2097. 2067. C.40} IMn 317 3.7 4,22 1.57 0.359 &53,3 42. 1.88 2.2 2.28 1l6. 1.155 157.-C.51E-01
8 3 1428, 1R28, L.1R4 32.0 4.7 24,5 2,517 1.93 0,362 &4.5 40. 1.5%4% 2.3 1.87 92. 1.C75 163.-.31E-01
° 2 993, 932. -2.005 25.2 8.6 7.C 1.28 Z+55 Q.347 251.2 5. 1l.16 2.2 l.44 67. 0.854 148,.,-0.16E-01

157.5 PRESS.= 52.91 PI= =5.7 TSWIR= C.913 S.RT= 7,505 SUM.H.REJ=-,227E+01

TCTAL Ca713 74,12 S.9%9 aez, Ta4. ~0.41E+00
1 1 131. 3I57.7 19.22 0.03  0.277T 254.7 52. 19. -0.17E+01
2 Y l4l%, 2419, l.L0C RC.2 1.1 Tl.1 19.133 Q.73 0.34T T74.3 32544 271.29 2.3 3.68 265. 1.928 167.-C.11E+00
301 2504, 25254, (U985 T2.8 b4.6 LY -] T.61 CeB1 0,400 803.4 3117. 236.11 242 3,56 24T. 1.701 160.-C.10F+30
00 2687, 2607. .01 bhoh FREY-] 5.6 2.80 0.91 C.%66 R&4,9 2409, 162,37 2.1 3,39 225, l.4466 148.-0.94F-01
301 2aka, 2619, L.aT4A 57.0 52.2 52.2 T.7T3 1.04 Q0.481 BS2.% T52. 45.05 2.0 3.16 201. l.2BC 13&.-D.&2[-C1
5 1 280, 25240 S.T19 K 1Y 4542 4542 fie 49 L1 0.374 AOl1.9 81, H.51 2.0 2.,B7 172, 1,202 136.-3.71L-01
T 3 2348, 2345, 1,545 Lh 3 AR.6 3B.5 5.2% 1,39 D0.357 741.9 L5, 2.20 2.2 2.53 l&4. 1.200 151.-G.55E-01
& Zi2y, 2123, L4l I 4 2al 32.1 4.09 1.4 0.360 663.8 47 1.R¢ 2.3 Z2.15 118. 1.213 1&£7.-0.56F=-01
3001 1522. 1572, 2.191 2.2 2%.9 2448 2elsd 1.92 0.3063 480.9 4. 1.55 24 1.75 92. 14127 171.=-Ca34E-01

371.2 PR7T55.= 51,57 PS=  -S.1 FoHIQ= 0,908 SunT= 6.852 SU%.H R{J=-.6A00+0}

TCTaL C.BCT in.21 C.5% 1037. AT0, ~-0.L0F+00
1 1 I78. 1Z3.7 16,735 £.04 Q.27 248.3 52. 17. =J.16F+C1
2 2 2273, 2278, 1.C20 a7.4 90.2 8.2 10.72 Cobl 04341 124.5 3045, 277.48 2.4 3,81 2E6. 2.253 178.-0.10E+00
303 2345. 2345, 1,£00 Pl.w 72.° 2.8 1n.38 CeT2 0.3%3 T743.R 2917, 248,31 2.5 3.70 270. 2.138 179.-0.11£+00
4 T 2453, 2433, C,971 3.9 ha.6 bheh 9. 7! CefJ D.3B4 TBO.1 2541. 195.07 2.4 3.56 252. 1.912 17&.-C.11E+0Q
S 3 25S7. 25%7. I.949 L4.2 57.0 51.0C 3.72 0.%2 0.450 823.6 15469. 105.G2 23 .35 220. 1.826 147.~C.10F+00
L3 257, 2873, [L.Ba} B8, 5 S5L.6 53.5 7.51 1.07 0.440) 829.2 352. 20.47 2.2 3.08 203, 1.792 15€.-C.B7E-QL
T3 2a3l. 2431, 2,T73D 49.2 44,7 44,3 6.1 1.22 04367 191.2 65. Jua? 2.2 2,76 t73, 1,296 156.-C.78£-01
8 3 2335, 2115, 1,562 43,5 3B.4 18,4 5.23 1.38 0,38 736,06 b, 2.1% 2.3 2.3%9 143. 1.308 168.-0.49E-0L
3 7 Z21LL. 2118. Cu4ale« 14,2 12.2 32.1 “4.14 1.9 0,360 656.9 42. T.86 2.5 2.91 1l6. 1.317 17%.-C.57E-01

37343 PROSL,= 4AL2Y PS= =407 FSAIR= 2,904 S5.2T7= 5,213 SUMGHWRTJI=-,L00E+Q2

TITA C.RT2 AL 42 C.5% 1140. 953. =C.55E+00
11 ELLIN 263.90 14.64 TeC3 J.274 239.7 52 la. =0.14E+01
2 3 139, 2199, 1.0%) SY.7 g87.8 87.7 11.6R Z.65 C.334 697.% 2969. 273.61 2e3 3.93 306. 2.339 18C.~0.92E-01
303 2264, 2245, L.C00 5.7 Al.3 21.9 11.1% n.069  G.340 T00.6 2B25. 251.99 2+4 3.38 29C. 2.188 177.-0.91E-01
& 3 2312, 332, 1.{20 fa.1 73,9 73.8 1N.63 CaTh  De354 T35.8 2483. 204,59 2.4 3,38 272. 2.0B4 179.-G,90E-01
5 1 2444, 2448, 7,974 71.5 G4,z £4,2 9.6 C.82 0.38% 7TI7.0 1789. 132.9% 2.5 3,39 231. 1.95C 180.-C.91E-01
£ 3 2522, 2522. I.734 62.7 55.5 559.5 A.91 0.9« (0.449 A0S5,7 859, Sb4.l14 2.5 3.28 22C. 1l.761 180.-0.9%E-01
T2 2511. 2%!l. C.5G4 £3.7 45.C 49,0 7.%3 1-12 0.39%9 8Nz2.3 142, B.G9 2.4  2.97 159. l.517 173.-2,84E-01
B2 26434, 2574, 7,569% 47,0 £1.5 “3.5 b4 125 9.361 T72.0 53, 2.3 2e4 2.50 168. l.438 1T4.-0,75C0-01
T2 2335, 23Ih. 1.557 42.9 38.2 3R.2 5404 l.20 £.357 725.0 44, 2.10 2+5 2.22 139, 1.413 1BO.-G.b6E-0OL

37TE.T PRISS.= %£3.%7 PSSz -3.4 FSWIR=S £.901 S.RT= 5.657 SUM.H.HEJ==.145E+02

TITEL T.917 95,52 C.57 1224. 1C19. ~0.4TE+O0
11 MU, 236.2 13.93 G.03 QD.273 22%2.3 52. 13, ~0.12E+01
2 ¥ IZl2l.e 2121. 1,u3C g2:3 L7 0.7 12.74 C.£3 Q0.330 672.0 2906, 2680.35 2.6 4,06 325. 2.304 1786.-0.82E-0]
303 215L. 2151. 1.220 9.1 B5.9 E5.,% 12.27 C.6% 0.233 677.7 2736. 253.C8 2.3 3.47 311, 2.1189 YT -2 Lol-ug
4 3 2252, 2257%. 1.C20 Bl.5 T9.3 793 11.63 C.72 €.243 TO0T7.1 2457. 2C7.90 Zetr 3,48 293. 2.043 175.-0.79E-01

LT



23133, 2377,  l.QCC 725 EA N 71.5 10.89 CeBil  D.3T76H 755,73 1952, 146.497 2.4  3.49 273. 1.55C 178.-0.R1E-0O!
2637, 249%). L.O9%5 LTy &2.1 €2.7 10.32 CoPR 0.417 TET.4  1246. BR6.77 2e5 3,47 249, 1.B45 J83.-0.80F-01
25%2.  Camln 5%.4 53.9 53.9 9.12 1.00 0C.463 713,13 393, 24,38 2.5 3.16 222. 1.8699% 180.-0.75E-01
52.4 2.5
47.1 Za5

[+ Js R o R
o Al
)

il
£
oy
.

244hC. 24£0. C,.7R1 47.9 47.9 7.85 1.1 0.376 781.5 8. 4437 2.80 1%1. 1.582 18C.~0.72E-Cl
2335, 2IP5. C.66T 42.9 42.9 6,91 1.27 ©0.358 753.4 | 4B, 2445 242 162, le4¥4 180.-3.6BE-G1
33007 PRELS.s 41.27 PS= -2.% FSWIR= 0.R99 S.ART= 5.402 SUM.H.REI=-.162E+C2
TCTAL C.9%0 101.16 C.59 1270. 1057, =0.62E400
1 1 ABG. 223.8 13.462 CuaCH4 0.272 222.7 52 12. =D.531+00
2 3 2773. 72C73.  L.5°9 94.5% °2.9 92.8 11,37 0.62 0.328 55643 2BtO0. 230.59 2e% 4,13 23&, _,285 174.-0.40E-01
3 3 2iCl. 21C1. C.G9% 50.7 85.1 89.0 12.R7 0.6% 0.370 &61.1 2881, 253,40 2.3 3.51 223. 2.113 169,-C0.39E-0]
4@ 3 2228. D2PTR. TL979 F2eh A1.5 Eled 12.20 C+ 71 0337 AR2.1 2436 JUH.EB 2.3 3.53 3C4. 2.C42 173.-0.7%9F-01
% 3 23%%. FiR3. L9 T3.1 2.5 2.6 Tle4l C.81 C,363 741.9 1699, 151.73 2.4 3,54 2B4. 1.950 176&.-3.40E-01
L 3 Jaek, 24646, [.9%7 ET.5 Gh.Y 6.7 10.85 Ol 0.405 773.5 1392. 497.78 245 3.57 260. 1.849 1BC.-0.39E-01
T3 T4, 2524.  TW9TT7 £1.8& 59.4 57.1 10,10 Ce%6 0.401 RQALG 628, 4C.47 2:% 3.26 234. 1.739 180.-0.40C-C1
2 3 2531, 2531, 1,074 S4.7 52.4 52.2 B.32 1.09 Q0.423 812.2 149. 8.61 2.5 2.9%0 203. 1.624 1B0,-0.37E-0!
% 3 2487, 2437, C.758 43,2 47.1 4t . h T.H4 1.21 0.37F 790.4 -1 3.19 2.5 2.52 174. 1.535 1BQ.-".35E-01
382.7 PRESS.= 38.64 PS=  —2.4 FSW[R= C.B898 S5.RT= 5,174 SUM.HREJ==, 1777+ 02
TOTAL [ 1A 107.73% 0.59 1304, 1CA3, -0.3BE+00
1 1 diLz. 2C9.5 13.27 G.03 0.271 214.7 52. il. =0.4TE+Q0
2 3 2721. 2N21.  DLGON GH.2 4,5 94.4 14,18 C.bl C.3246 H39.2 2812, 2R0.74 2.3 4.20 348. 2.285 173.-0.37E-01
303 23%2. 20%2.  CL9% 92.2 90.7 3.6 13.65 0,64 D,32R €43.0 2649, 253.58 23 3.5%6 336, 2.113 169.-0.36E-01
4 3 2167, 2170, L.79 A3, 7 HZ.6 B2.% 12.72 GuaT0 0.330L 6OTh.& 2410, 209.4] 243 3.5B 3lb. 2.043 173.-0.360-01
5 2 23Cr. 2377. 1.090 76,0 73.1 73.0 12.10 0,80 0.3%9 7T25.3 20kl 154.46 2eh  3.59 295, 1.974 179.-0,37E-01
£ 2 2374, 2374, L5937 0.0 67.6 £7.5 11.6% C.He  0.3R3  Ta5.% 1421. 103.29 2e5 3,66 271. 1.888 180.,-Q,.37E-01
T 3 2465, 2446.  T.74R8 84,1 6i.8 El.L ce4 CoM2 0,429 THZ.6 767. Sl.17 2.5 3,36 246, 1.779 180,.,-0.78E-01
4 3 2%2%. 25%2%. C.918 56,9 S4.7 54,4 9.88 1.04 0.456 BA07.1 247+ 14.79 2.5 3.C0 215. 1.665 18C.-C.35E-01
3 3 2486, 2454, C,30)R 513 4%.2 49,1 B.74 1«14 0.3R2 771.1 19. e33 2.5 2.61 lat. 1.576 1B0.-0.34E-01
334,77 PRESS.= 34,08 PS= -1.8 FSWIR= [.B9% 5,RT= 4,973 SUM.H.REJ=-.1910+02
TUTAL L.91% 1l4.01 C.59 1328, 11922. =0.34E400
1 1 el 1564.3 12.86 C.C¥ 0,270 210.8 52 11. =G.41E+0C
2 ) 1750, 19%A, 2,009 q8,2 E.2 GL.l 15,08 C.62 Cu324 K214 2759. 280.87 2+3 4.28 359, 2.292 172.-C.34E-01
303 1990, 16967, 2.9 G93.7 2.2 92.1 1l4.52 D.%3 0,326 627.7 260G2. 253.71 2.3 3.61 348, 2.159 171.-0.34E-01
4 2 21GT. 21t7. L.999 B B1.7 E3.6 13.74 G.69 0,333 659,02 2374, 219.70 2.4 3.63  328B. 2.084 175.-0.34F-01
S 31 Z225%2. 2iR2.  D2.779 73.1 74.0 73.9 12.28 C.7R 2.350 7C5.5 1793. 155.25 225 3.65 3Ce. 2.007 1AC.-D.3%E-01
6 Y 2¥2. 23.2. Q.98 T2.1 1C.0 69,8 12.47 0.82 0.362 71R.A 14l4. 105.EC 2.5 3.74 283, 1,922 18C.-0.34E-0]
7T 3 2+05. 2405, £,99P Ehof i, ] 4.0 1l.8% C.89 0.401L 757.5 B33. &7.54 2.5% 3.45% 258. 1.816 18G.-0.33E-01
8 3 25I2le 25T1. 5.5 59.1 LT 56.% 1J.R9 1.G0 fS.alfl  T175.0 363, 22.43 2.5 3,07 227, 1.105 L18C.-¢.34E-01
7 3 o484, 26-8, C.A853 53,4 51.3 51.2 T T 1.11 0.396 79C.0 1C3. h.Bb 245 2470 198. 14616 180.-0.32E-01
345,77 PAESS.= 23,55 PS=  —-1.% FSWIR= C.895 S5.RT= 6,775 SUM,H,REJ==-.203E+402
TCTAL PR3 121..79 C.%9 1345, 1115. -0.31E+00
1 1 AlAa, 177.¢ 12.31 C.03 ©.26% 204.8 52. 1C. -0+36E+CO
2 3 1927, 19C4.  C.9997  1C€0.4 38.2 SB.1 16.99 0.59 0.322 602.8 2595. 281.00 2.3 4.35 371. 2.337 173.-0.32F-01
303 13N, U738, T. 95.3 73.7 93.8 1%.51 C.b61 (.324 408.C 2540. 253.8% 2.4 3,866 360. 24249 174.-0.32€-01
& 2 2Lat, 2CQ4T. C.977 R7.0 85,1 8%.C l4.67 C.68 Cs3430 639.0 23264. 209.E8 2.4 3,66 339, 2.161 17B.-C.31E-01
5 ¥ 7193, 153, Z.539 T5.% 15.3 5.3 13.75 477 Cu363  635.2 1963, 15%£.53 2.5 3,70 317, 2.030 18C.-0.32E-01
b 3 2242. 22312. G.579 Tha.? 72.1 77.0 13.37 C.7% C.350 693.R [389. 1046.93 2.5 3,83 94, 1.957 183.-0.31F-01
T2 2320. 2329, .99 68,7 &h.4 bb.3 12.76 C.B6 0.375 728.2 A&f. 60,54 2.5 3.54 21C. 1.B58 180.-0.33E-01
R 2437, 7439, C.97% El.3 56.1 59,0 11.93 Ce96 Q.8069 176.4 557. 2919 2.5 3.18 229. l.745 180,-G,32E-01
9 3 2475, 2474, T[,.B895 5.4 53.4 53,3 12.82 1,07 C.418 785.9 136, 7.91 2.5 2.79 21G. 1.+£55 18C.-0.31£-01
393,7 PRUSSe= 31.17 P%5= 0.7 FSWIRT C.B94 S5,.RT= 4,637 SUMH.REJ==,214E+02
TCTaL 2009 128,87 4.59 1357. l12¢%. -0.2TE+00Q
1 1 7. 162.2 li.51 C.03% 0.268B 199.1 SZ2. S. ~0.,3LE+Q0
2 2 1®43, 1747, 0.%99 1C3.2 10€.4 1C0.3 17.20 B.57 0.321 583.2 Z628B. ZR1.14 2.4 A.42 3BZ2. 2.417 176.-0.29E-01
302 1ari. 131, G.wI9 5.2 9.3 Sh.1 16.51 0.59 0,322 5Bh.& 2465. 254.02 2.4 3.71 371. 2.380 179.-0.25E-01
& 3 17%%e. 1976, 3.79%9 23,7 AT.0 B5.7 15.69 Ceb66 0.327 &1B.4 2268. 210:C3 2.5 3.73 349, 2.235 1BC.~0.28E-01
S 3 2135, 2125, 2,979 7R.3 Té.8 T6+7 14.59 Gu?5 0.33E 665.6 1930, 156.87 2.5 3.75 329. 2.054 18L.-0.29E-01
& 3 21e3. 21%3. £2.%99 6.2 T4.2 T4.1 1l4.34 Ce77 D.341 669.9 1358, 107.44 2.5 3.99 305. 1.591 180.-0.29E-0C1
7 3 2254, 2254, CZ.398 T1.2 6R.T ER.6 13.73 C.83 0.3%8 700.7 A4, 61.87 2.5 3.62 28I. 1.8%7 1A0.-0.30E-01
2 3 Z&1L. 2411, C.992 (3.5 61.3 6l.2 13.04 0.93 Ga421 T755.6 518. 34,22 2.5 3.27 251. 1.785 18B0.-0.30F-D1
5 3 245%%, 2457, L(.931 5Ted 254 55.3 11.98 1.03 0O.44T T78.7 17R. 10.70 2.5 2,87 221. 1.45%4 180.-0.29E-01

LT



39L.T7 PRESS.= 2BaM3 PS=  -0.2 FSWIR=T C.B92 S.RT= 4.49A SUMJH,RE J=—-.223E+07

TCTAL [P L 137.91 .57 1366, 1132, -J.24E+00
11 176, 163,13 10.91 C.0Y 0.266 193.4 524 . - =0.260+00
2 ) 1Tdhe 17932, 2,999 104,11 102.0 102.9 19.413 Ce56 04319 563,090 2554, 281,31 2.5 4.50 393, 2.528 179.-0.2TE-01
3 3 1B17. 1I817. <C.G697 1Cl.3 99.2 99.1 17.75 S.58  0.321 569.0 2415, 254,13 2.5 3.76 38l. 2.427 180.-0.26E-0I
4 3 1932. 19312, C.59 93.7 86,2 89,1 16.75 C.65 90.325 601.5 2231, 210.12 2.5 3.73 3t0. 2.2%2 180.-0.26E-01
3 03 2977. 227T. L. 7.8 T8.3 1P.2 15.73 Ca¥é Q.334 646.1 1895. 157.C6 2a5 3480 2340, 2.078 180.-0.27E-01
6 3 209E. 2056, U.599 T8.3 Tba2 To.l 15.37 C.75 Q.33 547.1 1325, 107.71 2.5 3.98 316, 2.025 180.-C.27E-01
73 2190, 2130.  L.99d 7.2 Ti.G 70.9 14.76 C.82 0.346 674.7 B2Z2. &2.47 2.5 3.71 293. 1.93¢ 18G.-C.28E-01
B 1 2347. 2347. 5,993 LETY 63.5 63.4  14.13 C.90 C.373 T29.6 S44. 3T7.07 2.5 3,35 262. 1.824 180.-0.28E-01
9 2 2434, 2536, C.955 5%.6 STt 57.3 1l.22 1.00 0.456 167.2 227, 14.07 25 2.95 223, 1.732 180.-0.27E-01

392.7 PRESS.= 26.82 P:i= T3 FiWIR= 0,892 S5.8T= 4,374 SUNHJREJ==4232E+02

TUTAL .97 14552 C.59 1371. 1136. ~0.21€+00
1 1 785. t2r.1 10.16 C.03 0.265 18T7.9 52. 1. =0.226400
2 3 1722. 1722. Z.999 109.3 12£.1 105.9 19.77 C.5¢ D.ILT 543.1 24B80. 281.48 25 4.16 403, 2.596 1B0.-0.25E-C!
303 17TL. 177le 2.97% 192.9 10143 101.2 18.%% J.57 0,320 554.3 2378, 254.2. 2.5 3.8l 391. 2.449 1B0.-0.24F-01
4 3 1882, 1P22, £,.5%7 2.3 9C.T 90.6 17.R9 O.66 0,324 565.2 2194. 210.21 2+5 3.83 3TC. 2.281 1BC.,-C.24E-01
5 3 2021. 2021. 2.5%9 Bla4 16.8 9.8 14,79 Caf2 92,331 H2T7.4 1861. LST.13 2.5 3.85 361. 2.103 18G.-0.25%-01
€ 3 2531, 2C31. .90 3.4 78.3 78.2 A4 Ca73 0.332 425.4 1293, 1C7.E8 2.5 4,05 327. 2.059 180.-G.24E-01
T % 21c®,  2139. D.599 T3.% 73,2 T3.1 15.86 C.78 €.333 450.1 B02. &2.77 2% 3.79 305. 1.974 180.-0.25C-01
# 3 22%4. Z2Fe. 0,673 £T.7 5545 65.5 15,24 Q.87 D.370 701.A8 5464 3B.42 245 V.43 274, 1.862 1ED0.-G.2&E-01
9 3 2372. 2352. C.9%3 6l.t 5%.4 59.3 14,48 Ca9h 04433 T48.4 266, 16.98 2.5 3.03 265. 1.770 180.-¢.25£-01

34.7 PRESG.= 24.87T PS= Cof FSuI= CuRP] L.RT= 4,257 SUNMH.REIS-,239E402

ToTAL J.599 134,587 €.59 1374. 1139, -3.18E400
1 1 735, 111.2 7.131 Cal3 Cu264 182.7 52. be =0.18E+02
21 1856, 664, L.597 112,66 1D9.3 1€9.2 21.19 0.52 0,316 524.6 2412. 281.65 2.5 4.27 413, 2.639 18C.-0.22F-01
300 17250 17260 2.G973 106.5 1C2,9 107.8 20.23% 2.9% 0.718  540.0 2347, 2%4.21 2.3 3,86 402, 2.472 1B80.-0.22¢-C1
4 3 1A, 1213, 2,070 5.4 2.3 2.7 1711 C.%4 C€.323 555,3 2158, 210.30 2.5 3.89 38l. 2.305 1EG.-2.22F-01
5 31 Yint. 1988, T,.649 LA 31.4 8l.3 17.49% c.7l 0.329 609.4 1828, 157.28 2.5 3,90 36l. 2.128 18C.-0.23£-01
& 1 1352, 13#°R, C,934 r2.4 A0.4 E2.1 17.87 C.71 0.329 &04.% 1263, 108,01 2.5 4.13 2318, 2.093 180,.-9.22F-01
T 3 224Z. 272420 20077 1745 T5.4 15.3  17.93 .76 0.334 62T.1 T8l. 62.95 2.5 3,87 316. 2.01F 1380.-0.23E-01
8 3 2.07. 22I2. T.9UR ER 67,7 67.6 1b6.41) Qe84 0,354 6T75.7 529. 39.C% 2.5 3.51 285. 1.9CC 18G.-0.24c5-01
S 3 2344, 246, L.5UA £3,13 Hl.4 £l.3 15.79 C.73 0.4N7 128.2 270. 19.08 2.5 3.11 256, 1.8C7 180.~C.24E-01

3L, PIFS5.= 23,54 PE= 1.3 F5wl%= 9,8%C 5.RT= 4,170 SUMH.REJ=-.245F+02

TITA Cev9 16414 C.59 1376. 1llaC. ~G.14F+00
i1 Tise 6.3 g.17 C.04 0,263 177.6 52. S. ~0. 156400
203 14la. 1678, .03t 11,5 112.4 0 11z.3 22.7° £.51 C.3l4 507.2 2349, 281.82 2.5 4,37 423, 2.682 180.-0,20E-0]
T2 164, 1652, T.839 104601 124.5 104,50 21,450 Ce56 04377 526.0 23CH. 254.39 2.9 3,90 412. 2.4495 1HG.-0.20E-D1
4 17As, 1785, 0,834 G5, 6 21,8 §3.,R 20,4l £.a62 04,371 553.9 2124. 210.38 2.5 2.93 391. 2.328 180.,-2.20t-01
PR TS T I L P R Bg .5 RZ.9 £2.2 17.17 T¥0 04377 591.9 1795. 157.37 2.5 3,95 372, 2.153 180.-0.21£-01
O B S P M L - LI A2.4 82.3 18.73 Cv70 0.327 585.7 1234, 108.13 2.5 4,20 349, 2.127 180.-0.20E-01
T r 1376, 1974, £,549 9.7 Tiat 7.5 18.28 .74 0,330 605.2 te2. 6£31.09 2.5 3.94 327. 2.04E 182.-J.21E-01
2 03 2Lx. 2Lz, .97 71.9°  &63.9 £89.7 17.564 Te82  Ca3ab 65141 528, 39.31% 2.5 3,59 297, 1.937 180,.-d.22E-01
30 2275, 227,  2.G44 5343 613.3 £3.3 17.04 £.92 0.281 7101.5 298. 20.l8 2.5 3.18 268, l.844 180.-C.22E-01

39,7 PRESl.* 21.30 po= 1.8 7uwlR= CuPOC SunT= 4.0R4 SUMWH.REJ==.2500+02

TCTAL 2.339 174,02 G.59 1377, 114, =J.13E+00
1 1 h T 1.0 .3 C.03 0.262 172.7 52. 4. -0.12E+00
23 15354, 1596, G.%%% 13,4 115.5 11%.4  24.29 G452 04313 490.% 2290. 2B1.9% 2.5 4.4B 433, 2,724 180.-0.18F-01
302 1A42. I6AD. TLS99T 10T.® 1f-.1 186.1 23,03 0.55 0.316 3512.5 2274. 254.48 2.5 3.95 422. 2.518 180.-0.18£-01
LA A S W L R 7.0 25.4 G5.3 21.78 C.61 C€.320 539.1 2C90. 21C.47 2.5 3.98 4Cl. 2.352 180.-0.18E-01
S 1 1ds5I. LBL2,  T.AnS £5.9 R4S E4.4 20,570 0.60 0,325 576.2 1753, 157.46 2.5 3,99 2E3. 2.178 1B0.-J3.19%E-01
£ 3 1351, 1A%y, .27 LA Ra, 4 Ba,3 20.27 C.tR 0,325 L66.S  172Ch. 10B.24 2e5 4,27 360. 2.160 180.-G.l!9E-0L
T 1. 1920 0.993 22.¢ 79.3 79.7 19.5% Gef2 04328 5SAR4LT T43. 63,22 2.5 4,02 239, 2.085 18C.-0.2CE-01
B 1 2lce. 2Zh4. LL.GUA IATE] 7l.9 1. 18,93 .42 0,337 620,90 516. 39.57 2.5 3.&6s 2LB. 1.974 180.-I.20E-01
9003 2IZ7. 22:7. Q.7 5742 59.3 £5.2 17,33 C.8R C.382 675.%9 297. 20.174 2.5 3.25 2719, l.880 180.-0.20E-01

acS.¥ MRCSL,.= (8,30 Pis 2.2 FOWIZ= C,889 S,RT= 4 007 SUM.HLREJ==.2550402

ToTeL NN A 1Ra. 29 e 59 1377. 1ll4al. -0.11F+Q0
1 i IR 63,2 5.13 0.03 D0D.761 168.1 52. 3. -G.88E-451
2 2 I52T. 1647, .53 121.60 liB.& 1:8.4  25.36 Coad 0.3I1 475.5 2235. 282.1% 2.5 4.571 443, 2.765 180,-C.176-01
303 156%. 18590 2.9 199,40 157,88 LCT.T 26.53 CaS4 0.315 499.5 Z241. 254,57 245 4.00 433, 2.541 18C.-G.175-Q1
4 1 1675, 1&0F, 7,377 AL nT.0 56.9 23.22 Tu60 £.319 5Z4.9 2C57. 210.56 2e5 4,03 412, 2.376 180.,-0.17£-01



£ p o~ O

THEC
CES
“02.7
424,717
“E.7
G297
410.7
412.7
lia.T?
12,7
41R.17
arx0,7
422.7
42a8.7
76,7
423.7
L12,7
432.7
L34,7
446.7
W32.7
4t3,7
442.7
Gud4, ]
G4ay,7
Las.?
“532.1
a5:.7
456,17
Hht,.7
65,7
LH3.7
452,17
LY-C e
Gre .7
a4hd, 7
&3c,?
472,17
AT4,7
ST, 7
4Te.7
423,7%

[V RV R e

1813, 1813, (.999
LI9Fe 1790 TL999
1A%, 18533, .M
1999, 196%. CU.5%79
2133, 2179, ©.997
wHsEXPANELITN PROLESS
PRESSURE
AV, TIDMPF ATURE
AV. ENUl. RATID
AV. ENTHILPY
TCTAL MALS
AL LHALST NN et
RCX CONC TN, =
TLTAL MAST =
L 1 v
ATA K Chkanil
18.47 1536, 153,
17.2C 15053, 276,
16,06 1593, 217,
14,99 1859, 2249.
14.03 1534, 261,
13.1% 1511, 251,
12,36 1485, 2h5,.
11.63  leb8, CTE.
10,35 Qwed, 211,
10.3%  lali. 4,
3.732 1414, 7.
T.28 1302, 3310,
Beel 1377, 154,
R332 13535, 1ET.
7.38 1747, TTl.
7.1 1304 Ina,
T.27 1314, 93,
B35 1320, Al2.
S5.046 125&. 425,
.17 1274. i,
.14 1761, 402,
S.91 1257, b,
S.4% 12737, 479,
S.43% 1227, a0z,
5.3 1231, LA
5.13% 1207, f19.
Lauvh 1187, 531.
f.90  1lwa, Dk,
.57 1175, SRk,
4.3% 1173, SHR.
.51 11n3, ARG
4,29 11%a,. Tl
.14 l1s47. £33,
w4 1137, £15.
3.62 1132, £2%.
I.%3 0 1124, (37,
I.51 1i1n. £4T,.
373 111 4. £57.
3.6% 11C7. ERT.
3.51 1127, 473,

27.6 €. 0 85.9 21.97 C.67 0.324 559,2
0.4 Ab.4 86.3 21.47 C.67 04323 549.1
fa.l B2.0 El.% 20.97 Ca?0 Ca320 565.4
164D 73.9 73.8 20.298 0.77 0,333 60b6.4
€9,1 67.2 £7.1 19.67 0.85 0.3%%9 6520

15 CALCULATED AS CNE ELEMENT®*=

= 15.FBATA

= 1667%.9% LCEG

= 0.5%0

= S15.11CAL/G

= 0. 178GC

1377.07PM
G.1T73E-DiG

Wik CYL.MAS HEAT TRANSFER FSHWR 5.RT
PS ] CAL/A [4.1% *RPHM
2.5% C.798 =0,5C0F+J0 -0.275R+02 0D.8HA 4.01
3.04 0.798 —-C.4730+00 -0.2M4E+02 0.887 J+94
3.413 C.778 ~0.443C+00 ~0. 3127402 0,887 3. 28
3.91 0.738 -C.419E+90 -0,3280+02 0.385 3.82
G.l7 Co7OH =2,3765+00 -0, 3444402 0,88% 317
h.51 0.798 =0.3767+Q0 -0.3590+02 0.8R5 3.72
h.R3 CoT38 -Ca?GTESSC -D.4730+02 C(.H84 J.68
S.l4 C.778 ~£.%43T400 -0, 30TM+C2 0, AB3 3.565%
Sah3 C.TR8 ~C.AP40¢00 -0.4008+02 0.A83 3.01
S5.71 Co798 =C.310E+C0O -0.4120+02 DN.382 3.58
5.3 C.798 =0.297E+00 -2.4245+22 0.R81 355
6.23 Q.78 -0.284E+0C -9,4300+02 0,881 3.52
.47 Co798 =0,2T1E+400 =0.447E+02 0,880 3.5C
6. 79 Ca798 =0.263E+03 =ND.4075+02 0.HE60 ERLY:
[LTREN ToTTB -UL2G3C4NT ~0L.4GTLHD2 Q8T .46
Tei2 CoT98 -Q.2A4T+C0 -C.ATT0e02 (Q.479 3.44
T.31 C.7798 =D.235E+400 ~0,64147¢02 D.HTR Jeta2
T.50G CoaTIB =2.22°0+Q% ~0.4558402 0.477 3.4C
157 C.798 —0,2208+C2 -0.504i 422 0,977 3.35
T.9% C.758 =0,21%C+00 -0.5130+22 D.875 31.37
.20 C.778 —2.2CTFeLC =0,521{+G2 0.976 3.3¢
R,15 54798 -0.201C0400 ~0.529E+02 0.475 3.35
a.29 C.798 ~C.1SAE+CT -0.53TL+02 0,875 31.33
B.42 C.778 =Cu1930+030 =2.545L4+02 O0.HT4 3.32
A.5% G.738 -C.1u50+00 ~2.0%020+02 0,874 1.31
@.47 €.799 -0L1R1E+00 -0.%%9L+22 D.A73 3.3C
?.79 0.798 ~Ca170F¢0D —0.5050402 2.473 .29
.30 Q. 798 =N.172F+00 -0.%73F+02 0.A72 3.2¢¥
G.03 C.7580 =0,1579E450 -0.%HOE+02  Q.B72 3.2¢
9.10 C.79h ~0.184E+C7 —-C.585C+02 0,871 3.27
n.19 0.793 -0.161E+00 -C,513F+02 0.871 3.26
.23 Co734 ~C.154€+00 -0.%190+02 0.870 3.25
1.6 C.798 =G.197%+4G2 ~0.05E+32 0.H7D 3.24
Nahh C.798 ~3.,19525+00 -0.L1IF+02 0.469 .24
G0l C.73R =g.14730+GN =C.F1TE+07 0.969 3.212
e,52 C.798 -C.145F+00 -0,£230+492 0,848 3.23
3.50 C.79b -C.t4mrE+30 =D, L29F+32 D.Eb6H 1,22
371 Ce798 =0.1410+°0 -0.E£355452 D.BLT 3.21
3,77 C,798 =0.1330+%0 =0.640L432 0,867 3.21
nL.R1 D798 =5, 1370 +20 ~0.58441 402 0.B66 3.2¢

17133,
1180.

15754
108.35
63,33
39,71
21.03

4 .04
4.33
‘.109
3.73
3.32

184,
370.
350.
319.
290.

2.207
2.193
2.121
2.011
1.916

120.-0.17E-01
180.-0.176-01
180,.-0.1BE~C]
180.-0.18E-01
180.~0.19E-01

AN



CUTPUT DATA

553,90
350.0
542,02
5494.0
ST
544.7
572.0
572.2
§74.12
575.9
572.%
RN,

RAZ.C

p
ATA

3.54
3.48
3,62
3.%
3.31
3. 26
1,21
.14
.12
1,0%
.54
LI v
i LY
2.71
2+80
2.32
2.3
2.b%
2.54
L]
2.39

L
217
2.00
1.4
1.32
1.72
1.509
1.69
1.1"
1.1
1.2%
1.17
1.11
1.07
1.350
1.0
1.04
1.04
1.24
1,24
1.04
1.24
1.C4
1.74
1.24
1,24
1.C4%
1.2
1.7
LuZa
lodw
1.24
1,14
1.74
1.2+

1.2%

EXHAUST VALVE

JPEN

HERK

o3
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