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ABSTRACT

This report concerns the prediction of the flow

characteristics of an isothermal free jet.

A computer program

has been developed similar to that of Spalding and Patankar.

Reynolds stress equations are used so that not only turbulent

shearing stress, but also turbulent kinetic energy and

dissipation can be calculated. This program is rathec short,

about 280 statements, and for a moderate number of points

(usually about 15), requires only five seconds per run for the

Amdahl 470/V6é computer. The results compare fairly well with

experiments in two—dimensional as well as in axi-symmetric jets.

It is found that the similarity assumption is only approximate.

Also the results can be somewhat different for different initial

input turbulence conditions. Therefore, to compare the

experimental results and to interpret their accuracy,

particularly when no detailed measurements are made at the jet

orifice, should be done cautiously. The variations due to the

assigned constants in the closure model are also briefly

discussed.
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INTRODUCTION

Combustion in dump combustors is a complex process which
involves mixing, mass transfer, chemical reaction as well as
circulations. The investigation using the Reynolds stress
equation for predicting the flow characteristics of an isothermal
free jet is one of the very first steps toward understanding the
mixing process. Based on the boundary layer approximation of the
jet mixing and neglecting the effects of a wall, the coupled
equations involving momentum, turbulent shear stress, kinetic
energy and dissipation are much simplified with a proper closure
model. The numerical prediction by the Spalding method with the
von Mises transformation is investigated with some modification
for the free jet calculation. A computer program is developed for
use such that it is relatively easy for the user to read and to
modify the program for his needs. Further development should
include the chemical species such that free jet combustion can be
predicted.

Since the AFOSR-IFP-STANFORD Conference 1968 the prediction
of the turbulent flow has shifted its emphasis to turbulent field
methods which involve the Reynolds shear stress turbulent energy
or turbulent dissipation with varying closure models as discussed
in that report [(1]. In 1970, Reynolds [2] presented a brief
survey of the state of the art for computation of turbulent
flows. Herring and Mellor [3] developed a computer program which
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is used fairly widely in the United States. At Imperial College,
Spalding and his coworker (4] worked over ten years on a program
which is large and versatile with different turbulence models.
His program is used in Europe as well as in the U.S. Because
the program is large and versatile it requires some training

and fluid mechanics background to use the program properly.

If the user wants to modify the program for his needs, he usually
encounters many difficulties. It is well known that it is
difficult to read and modify a computer program, especially if it
is a large and complicated one, unless the user is quite familiar
with the detailed procedure. Launder (5,6] used the Reynolds
stress equation in a sequence of his papers on predicting
turbulent flow. His criticism is the common one i.e. there are
too many constants and it is, in a sense, a complicated curve
fitting technique. Nevertheless, Launder's approach does give
fairly good results in general. However, there are no reports on
the predictions of axi-symmetric jets which involve turbulent
shear stress and kinetic energy as well as dissipation. This

report is for such an investigation.
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GOVERNING EQUATIONS

]. Turbulence Closure Model

For a fluid of uniform density ID the set of differential
equations governing the transport process can be written in the

following form:

Equation of continuity
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Equations of momentum

DY {22,

Equations for (kinematic) Reynolds stress
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Equation for dissipation
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where U is the mean flow velocity of the main flow,

u, is the fluctuation velocity, i.e. M- 0,

22(1 92["

E=xl o= o

is the dissipation and

5' is the dissipation fluctuation

Since there are more unknowns than the number of equations,
some closure assumptions have to be made in order to solve the
equations. Based on the information on isotropic turbulence,
homogenous turbulence and pure shear flow for large Reynolds
number, Hanjalic and Launder [5] propose the following form of

closure for Reynolds stress and dissipation.
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where Ard.‘ is a function of k, F‘_u; and a constant C .
2. Boundary Layer Approximation
A simpler version of the model for boundary layer flows

results in the following set of equations in (x,y) coordinates.
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where C:1 = 2.8 and Cz = 0.0‘7(:1
There are six constants involved in the closure model as

tabulated. Thus we have five equations with five unknowns, U, V,

kaandsn
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This set of eguations is parabolic and the initial
conditions for U, Uv, k and £ are usually not available at the 3
beginning station, hence, some guess work of their distributions |
must be made. It is observed that owing to the uncertainty of ¢
and k in the earlier stages, the range of the ratio k/& might be
quite large by simply assuming some arbitrary distributions of
and k respectively. One way to overcome this is by assuming that
the kinetic energy k is proportional to the dissipation & across
the stream. This idea comes from the limiting case that as &
approaches zero or k approaches zero, the ratio k/& must approach

a finite value; otherwise an artificial singularity is

introduced. This assumption seems particularly appropriate for

free boundary flow. From dimensional considerations, it is found
that k/& is proportional to 8,.,/(/ for free jet flow where é; ¢ 18
the conventional half width where the velocity is half of the center

velocity U, . Thus, it appears to be proper to introduce

/(x):—;f-:C‘x(C*‘—%f-) 6)

which gives the asymptotic expression

£
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for the plane jet and

2
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for an axi-symmetric jet.




The constant C represents the adjustment of the virtual
origin. TIf this approach is adopted, it serves the following
advantages in the final form of the equations.

(1) The equation for dissipation is eliminated at the
beginnning stages, thus reducing the system of five differential
equations to four

(ii) Only initial profiles of U, uv and k are needed.

(iii) The sensitive constant C. , is avoided (at least at
the beginning stages). As reported b; Launder (6], Ce, in the
dissipation equation is such a sensitive constant that a small
change of CE,' will result in a large change in the predictions.
As a matter of fact, Launder later proposed to use the value 1.44
as compared to l.45 as had been suggested previously.

(iv) It also provides the extension to calculate the
dissipation from the original five equations by using
£(x) = C_(C+ & /i) for the development of the initial stages and

then use f(x,y) = k/g directly for further downstream calculation.




NUMERICAL METHOD AND CALCULATION PROCEDURE

l. Transformation from physical coordinates (x,y) to streamline
coordinates (x,Y)

The afore-mentioned five equations for U, V, uv, k and &
can be reduced further to four equations for U, Uv, k and & by
the von Mises transformation from physical coordinates (x,y) to
streamline coordinates (x, %) as discussed by Pantanka &

Spalding [4]. Introducing the stream function %/ and a
nondimensionalized stream function wg—qg where 3(/‘_represents the

streamline at the edge of the flow. Thus

ait Y, oY
d'sb -/ouch(y a C/ _Z-/’ 4 +w;%_y

Finally it can be arranged in the following form in (x,¥/)

coordinates.
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It should be noted that
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(ii) The stream function 7/(x) at the edge is a function of
x and the expression ;‘/_:: represents the entrainment rate, while (/)
remains to be of value one at the edge. The entrainment will
automatically adjust the width for the growth of the boundary
layer.

(iii) The four fiifferential equations can be put in a

Yoo

generalized standard from as discussed in [4].
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where f represents U, uv, k or € and S represents the
source term.
2. Numerical Technique

The system of equations is put in finite difference form as
discussed in (4] and the final expressions are arranged as

J.
where the 53. represents the unknown quantities at

A'I._é-.'-f .Bij-%:-ﬁcjgi;.*,.—:é: (”)

downstream stations to be calculated. A, B, C and F's are

constants of flow characteristics evaluated at upstr«am station.

10




It is noted that the equations are linearized so that the matrix
of the coefficients is in tri-diagonal form. The solution of
the equations can be put in the following form as discussed in
Schlichting (7) by letting

o = H‘_?'i’,'.” - 64 (12

v v
where

¥ e . . . C‘
&.= = A & and  H. = Y (’3)
J 31/' -+ A Yy f'(i_, 5i/. + AJ' /L/d',/

The boundary condition for free jet by using symmetry at centerline

2.0 gives G, =0 H =1
2Y
0 gives G, =0 H =0

y =0:

g

PN

u =
2K =0 gives G, =0 B, =0 and f;r ..g_é;:a o/so
oY oY
Thus after calculation of G J' and H J' from the center toward the

boundary edge for j = 2,3.... N+l the unknowns ? are successively
v

obtained from the edge toward the center by Egquation (12).

3. Entrainment

In the marching forward calculation, the non-dimensional
stream function @) is constant and at the edge w = 1. However,
the stream function P/ at the edge is a function of x, and it is

expected that y‘ will increase as x increases due to entrainment 4

g% « By arbitrarily choosing a point close to the edge of the
boundary and arbitrarily requiring a value of the velocity at q ’
say Ua = fraction of the center velocity Uc , the entrainment ;’jé_'
can be evaluated from Equation (7). Alternatively, the entrainment
rate is properly chosen as is the case in this programe.

11
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for conservation of momentum.

few percent.

P

conditions, constants and entrainment rate.

Usually the ratio 2A/
SM

12

The computer program has been written for a free turbulent jet
with output in decay of center velocity, velocity profile,
turbulent shear stress, turbulent kinetic energy and dissipation.
The goal was to write the program concisely so that it is
easier for the user to read and modify the program for his
needs. This program has been tested for sensitivity in initial
In the program, tie
total momentum (FLUX) is calculated and is compared with initial

total momentum (SM), the difference DM= FLUX - SM serves a check

is about a




RESULTS AND DISCUSSIONS

Based on the report by Tsuei (8], which has been tested on
laminar and turbulent two dimensional jets, this computer program
is an extension to the case of the axi-symmetric jet. In order
to be consistent with the previous report the notations are kept
about the same. An available library plotting subroutine is
utilized to present the figures in the in-line plot so that the
user can obtain the figures or modify the scales without writing
additional subroutines. Many figures are generated, but only a
few are presented here to demonstrate the variations due to the
changes of constants. In all the figures, symbols 1, 2, 3 and 4
represent the mean velocity, turbulent shearing stress, turbulent
kinetic energy and dissipation respectivelyf These quantities
are non—-dimensionalized by the center velocity with the different
scales indicated. Figures 3 and 4 show the slight difference in

similarity due to two stations x=21 and x=26. Figure S5 shows the

center velocity decay. It is noted that the prediction is lower
than measurements, particularly at the development region.
However, further downstream the results compare fairly well with
experimenal evidence. This discrepancy might be attributed to
the effects of the initial conditions, boundary layer
assurptions, assigned constants, or a small longitudinal pressure
gradient., It should be emphasized that because of the deviation
in the velocity decay, the other non-dimensional quantities such

as turbulent shear, kinetic energy, and dissipation are all

%X BECAUSE OF IN-LINE FLOTTING» THE SYMBOLS 4,3,2 AND 1
MAY FALL ON TOF OF EACH OTHER

13




affected. It also should be noted that y/x is deliberately
chosen as the coordinate since the y/yas representation fixes
one point of y which make the comparison look better than it
might otherwise have been. Figures 6 and 7 show the difference
due to one constant Cg. Figures 8 and 9 show the spread of
the width due to the entrainment rate. From these figures, it
is noted the results can be different for different constants.
A comparison with experiments reported by Craig {10] is shown
in Figure 10. In conclusion, the results vary with the values
of different combination of constants and initial conditions;
however, it can compare fairly well with experiments provided

| the constants are chosen properly.

14
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FURTHER DEVELOPMENT AND SUGGESTIONS

Since a computer program has been satisfactorily developed for
predicting the flow characteristics such as velocity, turbulent shear,
kinetic energy, and dissipation in a free jet, it is recommended that
further investigation with more elaborate closure models to study
the three components of turbulent intensities as well be carried out.
Initial investigation should focus on the two dimensional case
because most of the constants are determined by two dimensional
considerations and measurements. After that, the study should be

extended to the axi-symmetric jet.

15
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Coe iRt

c,~u = 2.8 Ce ~ CLIS = 1.45

Cp— C2 = 0.074C1 Le'—. CEPS? - 2.0
Q,-— CS = 0.0% C{ —~ CLIS2 = 0,13
ar ~ P = 3.1415%9 ¢

Initial Conditions: .

Read: %1, U1, T1, RKi

i 5

Boundary Conditions:
GU(1) = GT(1) = CK(1) = GE(1) = HT(1) = O
HU(1) = NK(1l) = HE(1l) = 1

1

Calculate:

Initial flow rate Q

Initial momentum flux SM
Non-dimensional stream function W

1
DO 9990 KN = 1, KKK

This is the main loop X = X + DX

DO 444 ITER = 1, NITER

Iterations, NITER = 6 for KN £ 3 and then NITER = 3

1

DO 120 J = 2, NP

Calculation of G's and H's

n_r:l

DO 330 JJ = 1, N

Calculation of U, T, K, E Divergent? Stop

=

| Calculate entrainment ENTRN and ¥ increment DPSI

DO 440 J = 2, NPP
Calculate Y, Y5, Q and momentum flux FLUX

==

|§hgg conservation of momentum DM = FLUX - SM 1)

[Change DX as X increases |
[CALL OUTPUT L o

More yes o to the starting
Run oxr Data? point

No
11111

STOP
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REAL Ks KI»KE
EXTERNAL FUNC
COMMON W(25) yIIW(25) 2y Y(25) yU(25)yE(25) » T(25) ¢y K(23) » TIIU(25) y ULIK(25)
COMMON KNyNMyRKKIKsNCosNFyNI/ENTRNyXyQesFSIySMyFLUXyIIMyYSyRyJR9F
REAL UFE(25)y GE(25)» HE(23), ODY(25)y YUC2S)y YUUC23)s YY(23)
1 KK(25)y NU25)y UU(2S)y GU(2S)y HUC2I)y UFUC25)y
2 DT(25)y TT(25)y GT(25)y HT(25)y UFT(29)y UK(2T)y EE(23)y
3 V(25)y DNIK(25)y DE(25)y GK(25)y HK(25)y UFK(25)sVUK(25)y
4 XX(200)/200%0.0/y UC(200)/200%0.0/+ GRAFH(400)/400%0.0/
DIMENSION YI(25)y UI(25)sTI(29)yVI(2T5)yEI(25)yKI(25)
REAL YS(25)yUS(25)sTS(29)syKS(25)yES(25)
REAL XXAC(8)/4+.» Sev Sey Boey 10.r 15.9 20.9 25./
REAL UCA(8)/1.0y 0.96y 0.84y 0.70y 0.57y 0.39y 0.29y 0.23/
IIATA C/0.0/y CX /5.72/yEDGE/10.0/yXGROW/0.0025/y DELTA/0.10/
DATA C1/2.8/+C2/0.45/+CS/0.08/9yCEFS1/1.45/yCEFS2/2.,0/yCEFS/0.13/
IIATA CC/0.07/y C3/0.00/y C4/0.00/y CM/0.00/y CONST/0.8/+yNWRITE/1/
DATA FI/3.1415%9/y FI1/6.28318/yKNN/10/yRHO/1./¢yRJET/1./9UJ/1./
nata LL/70/
DATA NFF/15/9Y1/0.0090419 0.2y 0.3y Oedy 0.5y QOebr 0.7y 8¢
1 0.85y 0.9y 0.925y 1.0y 1.05s1.1y 10%0.0/
DATA UI/9%1.0r 0.98y 0.9690.90y 0.5y 0.25y 0.0y 10%0.0/yJJJJ/2/
DATA TI/0.0y 13%0.001y 0.0y 10%0.0/y KI/25%0.001/y EI/25%0.002/
DATA TTC1)yGU(1)yGT(1)sGK(1)yHT(1)sYUC1)sYUU(1)FRESS/8%0.0/
DATA V(1) yURKC(1)yYY(1)yGEC(1)y A yIIFSI/6%0.0/ 9 XLAST/60./ 91X/ 05/
DATA HEC(1)yHUCL1) yHK(1)»UU(C1)/4%1 .0/ yUENIGE/O+/ yNNN/10/sLAMIN/1/
CEFS1=1.44
Ci=2.6
N=NFF-2
NF=N+1
NM=N-1
NC=NF/2
Ci=C14+0.1
CS=0,08
DO 11111 LLLL=1,2
CEFS2=CEFS2-0.1
CS=0.08
6666 FORMAT (/)
DO 11111 KKKRKK=1,92
CS=CS+0.01
DO 11111 JJJJI=1yJJJJ
100 CONTINUE
ENTRN=0.9
XGROW=-0.,0002
NNN=10
NWRITE=1
JR=1
R=400.,
RR=R/1000.
F=CXX(C+1.0)
YS=1.




KI(NFF)>=0.0
00 10 J=1sNFF
YD) =YIC(D)
uch=uIdc)
TCHH=TIC))
K{J)=KI(J)
E(J)=EI(J)
10 CONTINUE
HU(1)>=1.0001
W(1)=0.0
TOU(1)=0.0
X=0.0
DX=0,095
IM=0.0
FLUX=0.0
KKK=68
WRITE (696666)
Q=0.0
SM=0.0
00 102 J=2yNFF
JM=J-1
DY (JIM)=Y(J)=Y (IM)
YRM=0.,9X%(Y(J)+Y(IM) ) X2 . XFI
IF (JR.EQ.0) YRM=1.
OWIM)=UCD) FUCIM) ) /2. kDY (UM) XYRM
WD) =W{IM)+DIIW(IM) ;
Q= Q + O.OXUCIHHUCIM) ) XDY (JIMIXYRM
SM=SM+ O0.S%(UCI)%R%X2+ UC(IMIXX2)XDY (JM)XYRM
102 CONTINUE
SMM=SM
no 110 J=1sNF
W =WeJ) /ZWINFF)
DWCD)=DW(J) /W INFF)
110 CONTINUE
W(NFF)=1.0
FSI=Q
101 CONTINUE
[0 9990 KN=1yKKK
ENTRN=ENTRN+XGROWXX
NFFS=NFF
IF (KN.LE.3) NITER=6
IF (KN.GT.3) NITER=3
XS=X
X=X+DIX
00 103 J=1sNFF
VR(J)=K(J)
103 V(J)=Ud)
LAMIN=0
IF (LAMIN.EQ.1) R=30
IO 444 ITER=1sNITER

r




D0 120 J=2yNF
JM=J-1

JE=J+1

UELGE=0.0
UCE=U(1)-UEDGE
F=CXX(C+Y3XUCE)
IF ((KN.GT.KNN)+.ANIO.(LAMIN.EQ.O)) F=K(JI/E(D)
YF=Y(JF)IXFII
YJ=Y(JIXKFII
YM=Y(JMIXFII
DWFM=W(JF) =W (JIM)

A=0
E=—ENTRN/FSI
RF=RHO/FSI

RFF=4,0XRFXRF

CMU=RFF/RX (UM XYMXYM+UCI) XYIXY )

CFU=RFF/RX (UCJF)IXYFXYF+UCJ)XYIXY D)
CMT=CSKRFFXFX (UCIM)XT (IMIXKYMAYM+U (DI XT (I XY IXY D)
CFT=CSXRFFXFX(UCIF)IXT (IFIRYFXYFPHUCD XT (J) XY JIXY D)
CMT=CSXRFFXFX(UCIM) XK (IM) XYMXYM+U () XK CII XY IXYJ)
CFT=CSXRFFXFX(UCJIFIRKCIFIKYFRYF+U(J)RRKCII XY IXY )
CMK=CONSTXCMT

CFRK=CONSTXCFT

CME=0.5%CEFSXCMT/CS

CFE=0.,5%CEFSXCFT/CS
Gl=(DW(J)/IX+4 . XA+EX(W(JIFI+3 . XW(J) ) ) /4. /LIWFNM
G2=(3./LX~-R) /4.

G3= (DW(JIM)/IX-4 . kA-BX(W(IMI+3 . XW(J)) ) /4. /DUFM
GSU=CFU/DIWFM/DIWC(J)

GST=CFT/LDWFM/DUW(J)

GSK=CFK/DWFM/DW (L)

GSE=CFE/DWFM/DIW(J)

G6U=CMU/DWFM/DIW(JIM)

G6T=CMT/DWFM/DW(JM)

G6K=CMK/DIWFM/IIW(JM)

G6E=CME/DWFM/DIW (M)

AU=G3~-G4U

AT=G3-G6T

AK=G3-~-G6K

AE=63~G4E

BU=G2+G5U+G4&U

BT=G2+G5T+G4T+C1/F/7UCJ)

ER=6G2+G5K+G6K+1 . /F/UCD)
BE=G2+GSE+GS6E+CEFS2/F/7U(J)

CU=G1~GSU

CT=6G1~GST

CK=G1~GSK

CE=G1~GSE

IF (ITER.GT.1) GO TO 111

UPUC) =(DWCIMI XU CIM) +3  XDWFMXU (D) +DWCJI XU CIF) ) 74 . /DX /DIWFM




UFTC( D) =MW (IMIXT (IMI+3 o XDWFMXT () +DWCII XTCIF) ) 74 . /DX/DIWFP M
UFKCI)=(NWCIMIKK CIMI+3 o XKDWFMARK (D) +DIW (I XK (JF) ) 74 . /DX/DWFM
UFE(J)= (DW(IMIXE(JIM)+3  XOWFMXE () +DWCIIXEC(JIF) ) /4. /D X/ DIWFM

111 CONTINUE
DUDW=(U(JF)-UC(IM) ) /DWFM
DTOW=(T(JIFIXYF-T(JIMIXYM) /DWFM
TIIM=(T (D) =T(IM) ) /DWCIMI XK (YI+YM) /2.
TIFJI=(T(IF)=T(I)I/DW(I) X(YF+YD) /2,
DTOW=(TJFJ+TIIM)I /2.

SU=FRESS-RFXOTIOW

ST= —C2%XRFXN () XDUDW %XYJ

SK= =RFXT (J)XDUDWXY J
SE=-CEFS1XRFXT (J) /FXDUDWXYJ
FU=UFU(J)+SU

FT=UFT(J)+ST

FRK=UFK(J)+SK

FE=UFE(J)+SE

GUC(J)= (FU-AUXGU(JIM) )/ (RU+AUXHU(JIM))
HU(J)=-CU/ (BU+AUXHU(JM))

GT( N =(FT-ATXGT(JIM) )/ (BT+ATXHT (JUM))
HT(J)==-CT /C(BRT+ATXHT (JM))
GR(J)=(FR=ARKXGK (JM) )/ (EK+AKXHK (JM) )
HK () ==CK / (BRK+AKXHK (M) )
GE(J)=(FE-AEXGE (JM) )/ (RE+AEXHE (JM))
HE(J)=-CE/ (EE+AEXHE (JM))

120 CONTINUE
0o 330 JJ=1yNF

130 U(NFF-J1)=HU(NFF-JJ)XU(NFF-JJ+1)+GU(NFF-JJ)

230 TI(NFF=JJ)=HT(NFF-JD)XT(NFF-JJ+1)+GT(NFF-JJ)
K(NFF-JJ)=HK(NFF-JJ) XK (NFF-JJ+1)+GK(NFF-JJ)
E(NFF=JJ)=HE (NFF-JJ)XE(NFF-JJ+1)+GE(NFF-JJ)

330 CONTINUE
UCNFF)=U(NF)/EDGE
T(NFF)=T (NF)/EDGE
K(NFF)=K(NF)/EDGE
E(NFF)=E(NF)/EDGE
Q=0.0
FLUX=0.0
[0 440 J=2sNFF
JM=J-1
YRM=0.S%(Y(J)+Y(JIM) IX2,.%XFI
IF (JR.EQ.0) YRM=1.
DY (JM)=2 XFSIXDW(JIM) /7 (UCJI+UCIM) ) /YRM
Y(J)=Y(JIM)+DY (IM)
Q= Q + 0.SX(UCIIHTUCIM)) XDY (JIM)XYRM
FLUX=FLUX + 0.3%(UCJ)X%X2+ UCIM)IXX2)XDY (JIM)XYRM
Uu(Jd)=(U(J)-UEDGE) /UCE
IF (oNOTC(UUCY) «LT+0eS.ANDJUUCIM) «GT.0.5)) GO TO 435
YS=Y(JM)+ (0. S5-UUCJIM) ) /7 (UUCI)=UUCIM) I XY (D) =Y (IM))

435 CONTINUE ,
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IF (J.EQ.NFF) GO TO 440

JF=J+1

DWFM=W(JF) =W (IM)

ENTU=ENTRN XW(J)/FSIX(UC(JF)-UCIM) ) /DWFM
ENTR=ENTRN XW(J)/FSIX(K(JF)=K(JIM))/DWFM
TOUCI=UCD R (UCI)=V(J))/DX-ENTU)

UDK (D) =UCI) X ((K(J)=VK(J))/OX-ENTK) XYS/UCEXX3
CONTINUE

IM=FLUX-SM

IF (C(UCNF) +GT.UCN)) «ANDC(T(NF)GT.T(N))) GO TO 9999
CONTINUE

UC(RKN)=U(1)

XX(KN)=X/2.

IF (XX(KN).LE+1.1) XX(KN)=1.1

DFSI=ENTRNXDX

FSI=FSI+DFSI

IF (KN.EQ.1) WRITE (651100)

1100 FORMAT (1Xy’ KN X FSI YNFF YO ENTRN oM uc1) U3 U

(4) U(S) U(é) UNM UN UNF T(NC) TIN) K(1) KC KNM

2KN KNF *)

1

IF ((KN.LE.+1).0R.(KN.EQ.NWRITE)) CALL OUTFUT ()

IF (KN.GT.31) NNN=S

IF (KN.EQ.NWRITE) NWRITE=NWRITE+NNN

CONTINUE

CONTINUE

IF (X.GE+1.0) DX=DELTAXX

IF (IX.GT«2.0) IIX=2.0

IF (JJJJJ.EQ.2.ANDI.X.LE.S.0) GO TO SS6

D0 SS5 J=1sNFF

UCI)=U(J)XSQRT (SM/FLUX)

CONTINUE

CONTINUE

SMM=FLUX

IF (.NOT.((KN.EQ. 63).0R.(KN.EQ:. 82).0R.(KN.EQR.KKK))) GO TO 9990

0O 1 J=1/sNF

GRAFH(J)=Y(J) /X

IF (GRAFH(J).GT.0.16) GRAFH(J)=0.16

GRAFH(J+NF)=U(J)/U(1)

GRAFH(J+2XNF)=T(J)/7U(1) X%X2%40.

GRAFH(J+3XNF)=K(J)/UC1)X%X2%10.

GRAFH(J+4XNF)=E(J)XYS/U(1)%X%X3%X40.

CONTINUE i

CALL FLOT? (1+GRAFHYNFsSyOsFUNCy +2 » 0.0r1.4y O.r» 400)

CALL OUTFUT (6)

WRITE (6¢7770)

WRITE (697771) JRy N+ KKKyENGEy CEFS1y Q sSMeFLUXy IIlM» X » Fs Co»
CXy Cl1y C2y CSy CONSTy DX sRRsENTRN

WRITE (697772) CEFSyCEFS2

WRITE (696666)

CALL OQUTPUT (5)




9990 CONTINUE

KNM=KN-1

KNMB8=KNM+8

D0 2 J=1,RKNM

GRAFH(J+8)=XX(J)

GRAFH(J+KNMB+8)=UC(J)

Do 3 J=1,8

GRAFH(J)=XXA(J)

3 GRAFH(J+RKNM8)=UCA(J)
CALL FLOT? (1+sGRAFHsKNM8y2+0sFUNCy 28.¢ 0.0r1.4y O.» 400)
KNF=KN+1
9999 CONTINUE
700 WRITE (6+7770)

7770 FORMAT (/»° JR N KKK EDGE CEFS1 Q SM FLUX oM
1 X F c CX Ci1 c2 Cs CONST DX R/
21000 ENTRN )

RR=R/1000.
WRITE (6»7771) JRy Ny KKKsEDGEs CEFS1y Q sSMsFLUXy DIMs» X v Fy Co»
1 CXs» C1y C2y» CSy CONSTy DX sRRyENTRN
7771 FORMAT (1X»3I4,17F7.2)
WRITE (6968666)
WRITE (6»7772) CEFSyCEFS2
7772 FORMAT (1Xy ’CEFS=’yF5.3y’ CEFS2='yF3.3)
11111 CONTINUE
STOF
END

8]




SURROUTINE OUTFUT (ICALL)
REAL Ky KKy KI
COMMON W(2S)yDWC2D) »Y(29)»U(2T) yE(25) vy T(25) yK(25) y TIIU(25) yUDK(25)
COMMON KNsyNMsKKIKyNCyNFINsENTRN» Xy QyFSI»SMeFLUXyIIMyYSsRy JRYF
DIMENSION YY(2S)sTT(25)»KK(25)yEE(29),UU(25)
NFEF=N+2
1111 FORMAT (I4,1F11E10.2y 1F2E9.1)
UELGE=0.0
UCE=U(1)-UEDGE
UCEN=UCE/(1,0-UEDGE)
Z=X/2.
GO TO (10052005,200,200y500+600)y ICALL
100 WRITE (6+1000)
1000 FORMAT (1X»* INITIAL AND ROUNDARY CONDITIONS FOR NFF W DWW Y
1 8 T K %)
1112 FORMAT (1X»I4y25FS.2)
WRITE (621112) NFFy (W(J)syJI=19NFF)
WRITE (6»1112) N » (DW(J)ryJ=1»NF)
WRITE (691112) NFFy (Y(J)»J=1sNFF)
WRITE (6+1112) NPFy (U(J)yJ=19yNFF)
WRITE (621112) NFFy (T(J)sJ=19NFF)
WRITE (691112) NFFy (K(J)r»J=1yNFF)
WRITE (6v6666)
6666 FORMAT (/)
200 RETURN
500 WRITE (651234) KNvZyFSIy Y(NFF)y YSy ENTRNy LMy UCENsU(3)s U(4),
1 U(S)y UCH)y UINM)y UIN)y UICNF)yTI(NC)yT(N)y K(1)y K(NC)»
2 K(NM)y K(N)y» KI(NF)
1234 FORMAT (I4v14F6.29y7F6.3)
RETURN
600 WRITE (6+6660)
6660 FORMAT (/viXe’ J W Y U T K
1 RX YY uu TT KK EE TOU
2 UDK ‘)
D0 610 J=2yNFs2
RX=Y(J)/X
Uu(JI=U(J)/UCE
YY(J)=Y(JI/YS
TT(J)=T(J)/UCEX%2
KK(J)=K(J) /UCEXX%2
EE(J)=E(J)XYS/UCEX%3
610 WRITE (691111) JeyWCD)y YUy UCI)y T(I)sRK(JI)y RX v YY(S)e UUCD)»
1 TT(J)y KKC(JY» EECJ)y TDUCJ)» UDK(J)
WRITE (696666)
RETURN
END

SUBROUTINE FUNC (XIN»YOUT)
YOUT=0.

RETURN

END
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