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I. Introduction

In this paper we present a calculation of the ohmic heating rate for the small
octupole with the toroidal magnetic field added. The result may be used in
the computer program SIMULT (described in PLP's 505, 556 and 607) to predict
the time behavior of spatially averaged plasma parameters. The present calculation
is a refinement of the one presented in PLP 643. It is recorded here in full

detail for posterity.

ITI. The Calculation

The ohmic power input is given by the sum over all flux tubes of the average
of the power input to each flux tube:

ap = V2R ()
where ¥ is the voltage drop along a magnetic field line for one trip the short
way around the machine and R is the electrical resistance along the same path.

Resistance R isfﬁds/dA where n is the local plasma electrical resistivity
and ds is the unit length along the path described above and is equal to BdK/Bp
where B is the total field strength, Bp is the poloidal field and df is an element
of unit length along a projection of a constant flux surface onto the poloidal
plane. The area element dA is the cross-sectional area of the flux tube along
which we are calculating voltage drop and resistance. It may be written as

dA = d.@P/B where d¢, is the poloidal flux enclosed by neighboring surfaces of

P
a constant poloidal flux. Thus,
B2 ae
R=<T]>fB— av . (2)
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The voltage drop’V receives contributions from the time-changing toroidal

and poloidal fluxes:



N=&>T+'ZZ\% ép. (3)
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(C£. Lencioni's thesis PLP 276, eq. 15 & 16, p. 44-45.) The angle A6 éj{igﬁgg

is the angular advance in the toroidal direction for a field line progressing
once around the machine in the poloidal direction.

Substituting equations 2 and 3 into 1 gives:
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for the ohmic heating in one flux tube. The total power input is thus:
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The integral in the denominator can be rewritten as:
B’ B’ Broa
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where RO is the outer wall major radius, Brg 1s the value of By at RO’ and I is
the current in the hoop or hoops enclosed by the path of integration.
hd ->

. e
The toroidal flux term is &, = / By * dA. The area element is a shell between

two neighboring surfaces of constant poloidal flux and may be written

=y A 7
dA =V i

/- .. .
where V' = dV/dy and V is the volume inside a surface of constant poloidal flux y
and RC is the major radius to the center of the machine. Allowing the only

approximation in this calculation (except for the averaging of resistivity 73 ),

BT is set equal to its value at the machine's center, Bpc, Then
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The poloidal flux term is ®p =5 VYeore — 10 where the usual small octupole
flux-surface labeling convention is fgllowed. This convention is ¥ = -5 at the

hoops and ¥ = +5 at the walls. Thus also,

do, = ¥ dy 9)

core 10

Designating '<rpas the averaged resistivity along a flux tube averaged again

over all flux tubes, ohmic heating power becomes

Y1 imiter éT B (5 + ¥)2 ¥
C A6 p oy e dy
1 R V- 27 B core 1y core
— < P (10)
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The minus sign in the integrand arises from the geometry and sign conventions

sketched in Figure 1. The quantities wcore’ Bp and Br are defined positive in the

directions shown. Changing the sign of either Bp or BT would change the sign of

each term ofavaleaving the magnitude of 4 and P unchanged. Note that the toroidal

electric field due to a positive Bp increasing in time is anti-parallel to BT while

the poloidal electric field due to a positive BT increasing in time is in the same

direction as'§ . The voltage drop along a field line, and thus the ohmic heating,
is minimized for BT/BT and Bp/Bp with the same sign.
It is convenient to write the integrand as a function of

oz N0

outer wall
Bpo /N midplane an

. 2 . _ ..
Dividing numerator and denominator by BTO , using BTORO = BTCRC’ and recognizing

that I and wcore are linear with Bpo’
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ITI. Numerical Details

From PLP 15, Case I, we find

¥

and I = 2.995B
po

for all four hoops.

core - .3813 Bpo

The function V* (y) = dV/dy is graphed by Lencioni in his thesis, PLP 276.
An analytic fit (whose form was suggested by Jim Drake) is:

V7, = [-37.45 - 3.75 0+ 5L/ A - ¥ ] x 107° m%/dory
for the four hoop total in the private flux region and

V/_ = [1.336 + 1.782 y + 35.52/¥f < 9] x 10 °n’/dory
for the common flux region. The value of Y at the separatrix is b = -1.55.
Lencioni's graph and our analytic fit are shown in Figure 2. Straightforward
integration gives

Vb = [51.756 - 37.45 ¢y - 1.875 ¢ 2. 103.4 ¢ b - ¥l x 10_3m3

and V_ = V(§g) + (-0.70 + 1.336 ¥ + .891 W%+ 71.04 TP x 1070,
These functions are graphed in Figure 3. To check the volume normalization, the

above formulae give

3

_ 3 _
Vp (ws) = .1053 m” and V_ (q%an) = .3160 m

as compared with V = .3211 m3 obtained from the machine geometry:

— 2 2, 4 2
V= [L 2w (ri T ) 7 X ] 27TRC

where L = .356 m is the length of the tank side, L 0.22 m is the inner hoop
radius, r, = .025 m is the outer hoop radius and x2/2 = (.043)2/2 m? is the area
of each corner triangle, and R.C = .43 m is the major radius to the center of the

tank.



The angular transform A6 in degrees is graphed as a function of y by Poukey
and Howard in PLP 91 and tabulated by Howard in PLP 106. An analytic fit in the
private flux region is

Aep/a = -3.101 + 2.41 ¢ + 43//_$;_77F
and in the common flux region

Aec/a =5 12?.3//$7$;1
Both graphs and analytic fits are shown in Figure 4.

The square in the integrand of Eq. 12 may be expanded so that the heating
power may be written:
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whererYi,ﬂqg and"\f)L designate the locations in‘}{space of the hoop surface, the

separatrix and the limiter, and

=
]

2 _ 2
uOI/4 + Roa Aep/a = ,7487 + .61 a Aep/a

=)
]

2 _ 2
uoI + RO a Aeé/a = 2.995 + .61 o Aec/a.
The integrals IA, IC and I, are done numerically. Functions of the form Kl/(K2+a2)
fit these integrals extremely well. Combining the numerical coefficients of the

integrals with the numerical coefficients of Equation 13 gives the final result

for ohmic heating power density.

Vol. <n>
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all in MKS units where the volume is taken to be V(wL). The constants Ci’ i=1-6,
are tabulated in Table I for four values of by - The upper table is for o defined
as BTO/BPO' The lower table is for o defined as BPO/BTO‘ The same formula for
power density (Eq. 14) holds for either definition of o provided the correct coef-
ficients Ci are used in each case.

This result differs slightly from the result of PLP 643 in both magnitude
and (X dependence. For typical conditions (a % 1), the present result predicts a

slightly smaller ohmic heating.

IV. Analysis of the Result
It is now interesting to calculate the ohmic heating power as a function of

time for the existing experiment (see PLP's 623 and 674 for description of experiment).



The heating rate is a function of time because BPO’ BTO and & are different functions
of time.
The plasma quantities such as density n,, electron temperature T, and degree
of ionization affect the ohmic heating rate because they affect the resistivity.
The resistivity on axis has been found experimentally to be the sum

= +
n ﬂs T]L + ﬂn

Y
where nsp is the classical resistivity for z = 1 calculated by Spitzer:

= -5 3/2
nsp =521x10°7 z £n A/Te f-m
where fnAZ 13 is the Coulomb logarythm for our usual plasma parameters and n is
the resistivity measured at low densities by both Lencioni (see his thesis, PLP 276)
and us (PLP 674):
- 7 ,

np=2.5x100 JT/n L -m

and n, is the resistivity due to electron ceollisions with neutral hydrogen:

_ -5
n, = .6 x 10 nH/ne L) - m.

For a nearly ionized plasma [nH << ne), n, may be neglected.

Ohmic heating power as a function of time was calculated from Eq. 14 for
moderate BP and BT capacitor bank voltages and the easily attainable density
n, = 8 x lOll/cm3 for several values of electron temperature Te' For simplicity,
n, and T, were assumed constant in time. The results are graphed in Figure 5.
The highest heating rate is attained for that value of T, which minimizes resis-
tivity for the given value of n,. As the graph in Figure 7a shows, n is a minimum
for n, = 1012/cm3 when T, = 10 eV. A higher plasma density would allow n to be
minimized and hence heating power to be maximirzed at a higher value of Te‘

Note that the heating rate drops by roughly a factor of 100 during the experi-
ment. This decline is due to the relative time scales and magnitudes of BTO and BPO'

In Figures 6 - 11 the time behavior of ohmic heating power is explored through the

existing available ranges of BP and BT for the typical plasma parameters
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n, = 8 x 1011/cm3 and Te = 10 eV. Because BT has a period about three times
shorter than Bp in our usual experiment, the BT2 term dominates heating during the
Br rise time. Thus, the initial heating rate varies approximately as B 2, as
shown in Figure 6. But changing B makes scant difference during the latter part

T

of the experiment where heating is due to the small Epz term. Figure 7 shows
the contribution from each term in Eq. 14 for a large B, and moderate BP' The
heating rate begins high but drops very fast. After BT peaks, the épéT Cross
term becomes negative and nearly cancels the contributions of the positive terms
near the end of the experiment.

In Figure 8 the effect of varying B, is displayed. Since the ﬁTZ term
contributes most of the early power, the initial rate is hardly affected by changing

B But increasing BP allows power to fall less sharply with time. Time behavior

p*
of the three terms for high BP and moderate Br is graphed in Figure 8.

As shown in Figure 10, the highest heating rates result from the largest
possible BP and BT both. For equal capacitor voltages on each bank, power increases
as the square of the fields., Figure 11 shows that in this case also the ﬁTz
term is initially very large. The éPZ term is smaller than the initial heating
rate, but dominates when BT is peaking. Near the end of the experiment, the
negative cross term unfortunately nearly cancels the positive contributions.

With the ability to calculate ohmic heating rates in the small octupole,
we may investigate possible modifications of the experiment to try to increase
magnitude and/or duration of ohmic power input to the plasma. The obvious variables
besides magnitudes discussed above are relative timing and pulse lengths. A full
study is left for the future, but Figures 12 and 13 show the effect of crowbarring
BT at its peak to give an e-folding decay time of 5 ms. Figure 12 compares heating

power with and without crowbarring. After the fast drop of the initial high rate,

the power is held between 55 and 100 kW for almost 2 ms by crowbarring BT' The



increased power is achieved by making the éTéP cross term negligible after the
BT peak so that the full effect of the EPZ term can be realized. This is shown
in Figure 13.

Other ways to increase the ohmic heating input power and duration no doubt
exist within the capabilities of the present experiment or with moderate modifi-
cations. Using the analytical form of Eq. 14 for input power will enable us to
investigate various possibilities. Their effect on the experiment, however, also

depends on the heat loss terms which are not yet fully understood.

V. Using the Result in SIMULT

The formula for ohmic heating input power (Eq. 14 with wL = 1) was included
in subroutine OHMIC which program SIMULT .calls whenever there is a toroidal field.
The program was yun with the same parameters as those in PLP 643: BTMAX on axis
= 1.25 kG (2.0 KV on By bank), By, = 0.88 kG (2.0 KV on B, bank), p = 1 x 107
torr (gauge), Zeff =1 with 1 kW of 2.45 GHz microwaves turned off and BT turned
on at 3.5 msec into the 5 msec poloidal field pulse. Since PLP 643, SIMULT has
been refined in a number of other areas, the most significant of which are:

1) A more realistic time and density dependent microwave heating rate has
been added.

2) The neutral reflux term has been modified to include ion impact desorption.

3) Losses due to the finite ion gyroradius have been included.

4) The classical diffusion term has been refined.

The results along with a current listing of SIMULT are included in the
appendix. Note that the maximum density is 8.1 x 101! 3 (vs 7.4 x 101! 3
in PLP 643), the maximum electron temperature is 75 eV (vs 100 eV in PLP 643).
The density is in reasonable agreement with the experiment (note that the plasma
is 96% burned out), but the temperature is still higher than what is measured

in the experiment (10 - 20 eV). The discrevancy may be due to a number of factors

that we intend to investigate:
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1) The resistivity measured on axis may not be typical of field lines well
off the separatrix.
2) Impurity radiation may carry out much of the electron energy.

3) There may be additional particle or energy losses resulting from insta-

bilities or waves, in the presence of the ohmic heating.
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APPEE'ND'XI S\lt\\lLT ?&gGRAM ANMD Rﬁs%"rtima . o
v & w_UNIVAG 1110 TIMEJSHARING EXEC_ emw MULTI«PROGESSOR SYSTEM wew VER, MAEC 3146

295  PROJECT102980 USER}4126810219 PILEIPRO000C0029S - PARTIO0
)T ,2980,4126810219,2M |
aOIUPL;;,wAWV e e m e A . .
\€C_ 1.178206/08/76840a80i9 . . 8IwuLT
;i ¢ ::§$ggagtagsa§g ﬁ$énd;ﬁéégnnovv - ‘JAN 28, 1973
3 DIMENSTON T(101).08C101),TECT01),71¢]01
4 DIMENSION DN(101) Bs(lﬂilgEFtlDl!:lJIIOI!;*éW
4  DIMENSION 8D€S),8FEle) . STIE4),D(8Y,PECE) PTLA)
of ¢ Lo DEFINEPUNETIONS™ . ocTusale
v ¢ Di.I8 DN/DT DUE %0 FONTZATION .
8t WDIID!NS;DNEUT.I;J!z?!.piPENsﬁDN!UTﬁﬂaaytT!)iEXPt-!!sbItEStfftlt!O.
“96 . 'aogT;+f!‘b;gALOgt*g‘Qggto.lﬁ;!)iltf!tﬁﬁ.bi
105 - Dg.I8 ON¢DTY DUE TO_PIFRUSION, ... . .. . . . . ......
115 : gatQ!NgiI§$!DE:$3CD!::JGQRT(IE)*Qib!bibN!U?iYE&le!lkll
12 B ¥, 18 DN/DT. DUE:‘fO_OBSTACLE LOSSES. . .. . .
135 . n;tpsug.jzaann: iD!HEg}ﬂt;SBTt#EE!Il)lAIﬁIAL
148 & D4, I8 ON/DT DUE 10 FIELD DECAY . . . .
15{_ ngcg:ngygozs-ozn rigoxggo.o.aoLgeaitaoLorav
167 E DS, 18 DNZDT OUE Jo FINTTE TON GYRORADIUS _ _. ., . ... ...
;;r ; -EsxosgslTé:g%loo,oantgsr;gazlgv1¢S)!thAMr {¢2 awanaeBeB/TE,0850))
4 PEL_18 QUE/DT DUE F0.MICROWAVES _ _ _ .. .
.!'92 PEL (P )'2?0!05?!0,‘!};#1 tﬂtb!;ﬁﬂ;&%!!ﬁﬁ*?'}ﬂ}IA’AKIAL
20 E PE2, 18 DUE/DY DUE %0 _ION COLLISIONS _

_PER(DENS,TE,TI)n élﬁbENs*iE*fTEd?!!tlLﬁst!zﬂl1t§T!ti!/A!lcb:N3)
: 2/7040,0¢TE) Y /TEwwi S ,

: - PEY, 18 ODUE/DY DUE TO EXCITATION _ . . . .. .. ., ,.

4% PEY(DENS,DNEUT,TEY 829, 1 #D1 (DENS,DNBUT ,;TEI SEXP (6,987 (TE#0,1))

;21

~
w A

D N
s

25, & PE4 IS DUE/DT DUE.10 BREMSSTRAHLUNG

267 . PEUCDENS, TE)S 1, 0F=YwDENSWDENS#SQRTITE)

et ¢ PES 18 DUE/DT;PU$_!Q?SYNEHBQIRQN'ggp;gg:guﬁ_“_

28 'P!!tDENa-TzisS;s.Ees-ognsnaaaﬁrasté.p«t!/z.oa!sa

294 . PES IS DUE/DT DUF ‘YO, THERMAL CONDUBTRON . . . . . ., _, . .
30 PEG(DENS,TE)S(2,8wD2(DENS, TEY+2,0aDI(DENS, TEY+1 S#DUCDENS)+1,5eDS ¢
‘34 : 2DENS, TIA))W(TESTWALL), et

32 e P13, 18 DUL/DT _DYE PP CHARGE EXCHANGE . A

33 PI3(DENS DNEUT TT1)3,07324DENG#DNEUT#SQRT(TI# (TT=TWALL)

34 . 2%(1,040,00985#TIaw{ S)/EXP(0.0582¢8QRT(TI))

38 e Ple 18 DUD/DT DUE_TO THERMAL CONDUETION NPT o
362v PTOLRENS TE,T1)9(2,5#D2(DENS,;TEY42,0#D3 (DENS, TE) ¢1 ,S#D4(DENS) I # (T
37 ‘AeTWALLY$C2 4nAnAnBapu] (SeTWALLI#DSEDENS, Y1)

yef B Pg7 1S DUI/DT DUF Y0, IONS BORN AT TEMP OF WALL

3’2? . PIT(DENS,DNEUT, TEI®S . 59D 1 (DENS,DNEUTSTEXSTWALL . . |

40 e P18 1S DUI/DT DUE TO ELASTIC COLLISIONS WITH NEUTRALS. .. .,

436 . P18 (DENS,DONEUT,TI)=40,040ENS#DNEUTHCTTeTWALLY/Z(ST0,. ¢TTen2 404,29

4a§, ve. . ., . SPECIFY PARAMETERS, . . .. ... . o, ..

43 E ICOND3OSNO AUXILYARY HEATING, $§OHMIC HMEATING, ‘211CRM, 41ECRM

agh TIMAX 18 NUMBER OF ITERATIONS ___

9!5 E PO_19 PEAK MICROWNAYE POWER_IN WA 78

468 6 DEA 1S INITIAL DENSITY IN 10ww9/CC

47% € THALL 1S WALL_ TEMPERATURE ‘IN EV

48F ¢ AL.IS (ENGTH IN eM

49 ¢ A 18 RADIUS INCM _ .

S0% ¢ AQ IS OBSTACLE AREA IN 8G CM_ .. .. _ _

514 ¢ PRES 18 NEUTRAL PRESSURE IN 10%w«S$ TORR
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B0.I8 FIELD AT QUTER WALL IN KGAUSS f
F 13 MICROWAVE FREGUENCY !N BHZ ;
G 18 THE MICROWAVE CAVITY

8 18 PUMPING. SPEED_IN Lzrzna

TMAX 18 DURATION ‘OF ‘EXPERIMENT :u =eéuuoa

TOFF I8 MIGROWAVE PURNOFF "TIME: INC

‘NCASEm1 __

DQ 800 ICASER{,NCASE

-

AL-afo
Asi8,
AQ'QO-?
PREQ 2.%
aﬁip.!&
Fz2,45%, .
GQZOQO 0
aatoo.p

TMAX®O, 995
ToFFeo’ 0038

SPEETFY INITIAL CONDITIONS
TEARIWALL

TIASTWALL

IERIHT!&IM!X!lDO
DTETMAX JFLOAT(II
Byl ,0EeS

IIIO

TIHE!O-Q

‘DOENS30,0
DIE®Q,0

Drtso.p
DNWRRO,0, .
Du:n;z?.O*PREQ
DFCut2.88%PRES
ONEUTSONT+DFC
DEMAXEDEA
TEMAX=TEA
TIMAXBTIA

DNMINEI3S, Q4PRES

PRMAX®Q, | *RO

BPMAme 1#80

SIMAX=Q, goano!Aasa#Ttrzni

GNMA!-? o0
RDY

e!
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s
sTrcuysined
10HMICaMODfICOND ;23 _
THICRHEMOD (1COND §2.,3)
THECRNSMOD CICOND /4,23

. .. . . ‘RECORD VALUES
WRITE(6,300). ... .. _ . .,
'Eoengtt;psg:gux:kzinr WEATINGE ')
IFCICOND.E,0) WRITE(6,310)
PORMATC1H#, 19Xs INONES)
IFCIQUMIC,EQ, 1) WRITE(6,320)
FORMATf {N#, 19%, fawmze/y
xrcrﬁzcau.en.:z‘!a:rgcs.s:oa
PORMATC1Me 26K, TRCRHT) .
IFCIMECRM,EQ,. 1) KBITE (6,340)
PORMATC Mo 32X, TECRM') e
IFCNCASE.GT,1) WRITE(6,390) ICASE

+o116%, 1CASET, 1Y)

WRITE(6,400)

FORMAT(1H¢,
FaﬂH&T;;nO.!X.!S*EE':9xnitlhlﬂ’a!.iDiNBIIY‘alox;‘T!Jnil¥ifftlth¢l
20NEYUTRAL !, 8%, TFTELD I 7%, FROWERY,10%, FI8AT T, 86X, IDE TE TI!)
WRITECO,840) . . .. ... e 1 e
_FORMATI{M ,1ax,itseea i, 3x, i t1ossosfeyi, ;.!;:vzf.?x.fczv1f¢sx.vcru
23w9/6C)145%, I (KGAUSSI T, 6X, I (WATTS) T, 4x, (MA/8QEM)TY
CONTINUE
RO, ., L ik e el eipsme st ts B gr £k <n s
BaBOFSINII. 16i80wTIME/TMAXIWEXP (0, S#TIME/TMAXY /0, 788741, 0E=S
BR®0.,34sF/B. . . .
IE(BR,AT,8,77) 68020, .. . .. .., . .. . .
IE{BR,LE,2,3511) ogp:aﬁmugnaeg-o,sgposasv_, S
IF(BR,6T.2,3511,IND BR.LELB.7TY 63, YoEXP(,4S/tBR=8,78))/BR/BR
DEAPSO, 0XwAwDEA/F
IF(DEAF,L7,80,0) GuGYEXPDEAF)
IF(DEAF ,GE,80,0) Gi0.0, .

DEAF®O0,0b%A8QRT LAMAX 1 (DEA 12, SBeF#F,0,00) .. . . ... .
IF(DEAF,LT,80,)62G4(2,8E=8aDNEYTH9. 1SE6sDEA/TEA# ] 8Y/P/EXP (DEAF)
PEPONAMING (1,00 AMAX]£0,0,11,0#TIMERBOR®0,6/TMAX®1,7))
IF{TIME,CT.TOFF) P0.0 i e
BJY80,104"OEARSQRT CAMAX L (TEA,TIA))# (1, 0eEXP (=4S, 0/TEA))

DNTORDNY

OFCOSDEC . L.

ONTODNT¢DNWR 318, 0agwDTw (322, 0WPRES=DNTY/A/ZA/ZAL

OFCEDFC30,0UnDNWR 318, 0n82DT# (12, 800PRES=DICY/A/A/AL;,
_ONTASAMING (ONT,DNT#(ONTODNTIXEXP (=i 2EG#DY#SART (TWALLY/ZA))
2WEXPlwl 1ET*A#DY (DEA,DNEUT, TEA) /DNEUT/8GRTCTWALL))

i
‘nrcagéuzsltorcao;c:xurco-ac:)rzxexhs;q:e-or/aas
2eEXP{wf,{EsTwADT (DEA,DNEUT, TEA) /ONEUT)
DNEUTSONTA$DFCA _ ., , .
GLCWO,0083«SQRY(TEA)SD, 28#8QRTLTIAY . . .
ONFREGLC*(D2(DEA,TEAY+DI(DEA,TEAD 4D4EDEAYSDSEDEA, TIA) I#DY
2=0,.5+Di (DEA,DNEYY,TEA) DY

DEMARUAMéxllﬂENéxagEA)
TEMAXSAMAX L CTEMAX, TEA)
TIMAXBAMAXT(TIMAX,TIA)
ONMIN®AMING (DNMIN,ONEUT)
BEMAXBAMAX L (BPMAX ,8)
PPMAXBAMAXY (PPMAX,P)
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2257
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2207
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'230
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3«03 (DEA,TEA)#DT
404 (DEAISDT
SeQS(DEA,TI4)#pT_ .
1F(ABSEODENS),GTE0 8eDEA) DOENSHSTENEO S#DEA,DDENS)
DEllﬂ!lfio.S*DD!US
‘ INCREHENT !L!ﬁTQON TEHP!RATUR!
QU&;PE!(P}:DT

‘2ePE(DEATEA/TEAYRDT

3ePEY(DEA,ONEUT TEAY#DT
4=PE4(DEASTEAIADY
SePES(DEA,TEA)#DT
6ePEL(DFA,TEA)#OY
TE{IOHMIC,EQ,1) BUESDUESOHMIC(B,BOLD,DT s TIME,DEA, TEA,ONEUT)IHDT
IE(IH!;!H.!@.;: DU!!DU!+H!CRH!Q.T!ﬁE-u!A DNEUT,TEA+AsAL)#DY
EEI(O ogbsytpygzyggnnutnsalo!A
1F(ABSIDTE),6T,0,5¢TEA) DTRNSIGNTO . S¥TEA,DTE)
TtluTEtho stb?;
_INCREMENT toN TEMPERAPURE
OUIAPER(DEA, TEA, FIA) DT

;2-P13§D!QtDNEUI.T!A)nBT
-J-EIﬁrbta.T!a.TIAanf

T¢DEADNEUT,TEA) DT
8(DEADNEYT,TIAI#OT,
IHICRH.EQ.¢) OUTSOUTSHICRH (B, TIMELDEAsA,ALY#DT
80,6 QQb?tDPIrTIA!OD!NO)ID!A
(ABSEDTIN 6T 0,58TIAY, DYIRSIGN(0.S4TTA,DTE)Y
| | :ncn:n:nr TINE
IDENS
TE
I

GOD
2

DEA
E
.
FLOATCET)

couy:nu:
WRITE(6,700) DEMAX, TEMAX,TIMAX ,ONMIN;BPMAX ,PPMAX s SIMAX
FORMATLIMO,! MAXIMUM  VALUESY ,TF13.4)

FOPRI00, o«gpnzu:fsza 88=PRES) /PRES

WRITE (6,750) FOP T o
_FORMATEIHO, 14X, IFRACTIONAL CHANGE IN NEUTRAL PRESSURE =i, Fi3,
24,7 PER_CENTI) _ |

WRITE{6,760) QNMAX ce i) -
EQRU‘Tt1H0.2!x.'MA!!HUH RATIO OF NE '/ NO =i, F13,4)

CONTINUE

BEO Ili

Do, rlol
TC)me, 0T (YY) /THAX
De(idme,0wDE(Y) /DEMAX
IEII*'# O%TEC(IY/TEMAX
TI!I)-s ORTI(YI)Y/TIMAX
on;zxa& 0#ON(IY/ONEYT
sg;:}n¢ 0wBP (1) /8PMAX
PP{;)Ib 0#PPLL)/PPMAX
8JC1Yme, o*&dt!? /8JMAX T il o &
CALL GRARH t LDEafR'r1019'616| INONE], 'M?LTIFOLE SIMULATION,.
2, 1TIMEL LT, gz Ty AN? TEMP tNﬁRMALI :?).. sipt)
caLL GRPH!V;T. R': By 3 azQio NONE!,
CALL GRPHAV (T, iRT,F1siRiot08s INONET, IS
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i

280% CALL GRPHAV(T,iR1,ON.IRT, 101, INONET(INTY
'aslg_ CQLL GRAPH cT.'B'.sP.*nr.ioi.'oxo' 'NONE' fvu&vtnuLs SIMULATION,, !
2827 2, 'TIME, . "4 FFIELD AND 'POWER CNDRMAL12€Q3..'1
2830 CALL GREH2V(T, IR, -p.!ai.nox. INONE!, 1P 1)
-zaqﬁ CALL GRRHZV (T, iRT, 84,1 rtsto1, INONET, Fai)
2855 ‘CALL GRPHND
286% END
JEND OF eoMP!LATIONl NO DIAGNOSTYCS,
S ,OMMIC: .
u-nac; 1it¥8206/08F00turbubi0, _OMMIE
17 PUNCTION_OWMIC(B,BOLDy0OTT,DENS, TELDNEUTY
-zp BT(T)®0, f77*BTMAXRSINCI8TY, oacv-?on)}/!xﬂtbsa O%CTTON))
’3;. OHMICEQL0.
t ‘IoNlp.093! :
s% TF(T.LE,TON) RETURN
o eruaxg;,zs
7% TEFFmY,0.
a -nsro-p,;oca-apgp;/
DRTS0,7084(BT (740, -DT)-&T(T-O.S*D?)T/DT
ALFg0, f4swB/BT(TY, .
OHMIC!C .51*ALng210!T-pa/;o 591+ALF112}-12 QtALPtDBT*DBPﬂI(Oyﬁblt
szFp*z}gl.zyﬂgaPo*-;lso 962+ALPRN2))
3/CZEPF/1600,0/TE#%],546 ,29E=4wDNEUT/DENS#0,025%8GRT (TE) /DENS)
OHMEICHAMAX { (OHMIE, 0 0)
RETURN
END

EhuriLaran| NO DiiGNoD8TICS,
1ia.oa/oa/!¢.;4eﬁaijo" )  _ HICRM

. FUN TIQNiHICRH(a T!HE:Q!A-QaAL) -
’ 8 FOR EXPLANATIONS AND REFERENCES

¥

P S Spett e S Pt s
VE R v S T e T

Aamadowntnunu-usxc: O U £ sl A= 1O 0

!ND
a
N-Ml

-t

TONEO pO4S
TQEPR0.006 .
IPCTIME,LT.TON OR,TIMELGT TOFF) REFURN
vQPO!bt!
RPARIGQO 0
‘ROP200,
FREQ!E
DBUTI! p!ﬂ
TRISEWS,EwS
ao-.sagsrnzu:a
TF(BO,LT,0,51198502) Gis'0B7aB0ORe] 08
TF(BO,6E,0,51198402,AND,BO L:.9,52913231) 9 (8,0
:rgao GE o,aaersoa;.ANg ae.Lr.x,p1$77: GIm,0¢
IF (BO,LGE 4 ol!?yé 613,0185/BOwy1 .36
RLOADEY, 3aga-rn¢ #AL/DEA/A/A/GT
REGWRPAR®RLOAD/(RPAR#RLOAD) ..
VOPSVOPO# ({,87#REG#RO) /(1,87 *REQ+ROSDRDT* (TIME=TON))
XPS(TIME=TONY/TRISE ., . . .
TELXP,LT.88,) VO BVOP* (1. 0mEXP (=XP))
HICRHET, 62F {1 0O%DEA%VOP*VOP#GT /AL /AL /FRED
::yunn
ND

i

NP (TP T i Hru‘

Tt
L =]
~»

L/

Te,051wBO¥w],98
9/BOwa3.3Y

WSSO O G ~-10 M LN
Y S N N
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"END OF  COMPILATIONG NO DIAGNOSTICS,
8. aHECBy
NemMAce, 1.198006/08/F614ta00a] HECRH _ _
15 FUNCTION HECRH(B,TIME,DEA,DNEUT,TEA,A, ALa
2 TONS0,003.
3 TOFF®0,p04
¥ HECRMED, 0
5 TFCTIMELLT.TONLOR.TIMELGT TOFF) RETURN
6's Fu9,0 ,
Te DEAFE0’ 03 wAwDEA /F
8’ P-a.osg
-9 03000 .0
107 BO=0.34wF/B
11% 1F(BO.GT,0,77). enn. .
12, IE;BD LE,E 3511} .Egvaatau*-o ogggbaaf
13: (B0, 07,2,35;1 INb BOTLE.B,77) Ged,TxEXP(.45/(BO=8;78))/B0/BO
145 IE(OPAF,LT 80, os s-e(ExpcDEAfa
152_ TFCOEAFIGE80.0) Gu0.0
163 DEAFRO, b*@taanrrAMAx;co!a-ia.:swrfr 0403
17 tr;oznr L7.80,)686¢(2.8E=8¥DNEUT#9, Y SE=6uDEA/TEAR ST ;S) /P /EXP ORAR)
;a&r HECRWE2 . 0EQ«P#GWDEA/ (GDEAC12,SSuFaF/Q)/AZA/AL
19% RETURN
20% END
END OF COMPELATION] No DilenosTics,

XN
ng RLIB6G- 06/08=14748709
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AUXFLIARY HEATING OHMIE

s¥er FIME | DENSITY fe 1. _oNeufRaL
L8EE)  Ctioew9/CC) , (EV) JLEVY  tlowee/ce)

.0 »0000 20010 ,02%0 0250 8%7,2000
490 20000 20008 #0378 20870 837,2040
‘a0 20001 £0008 +0376 #0368 887,2040
‘30 £ 0001 20008 s0377 +0%64 837,2040
49 20000 20008 » 0377 ;0387 837,2040
50 20002 70008 20378 L0383 837,2040
0 ,0003 70005 .,gsza 0349 837,2040
70 20003 20008 L0379 034 837,2040
80 50004 #0008 #0380 s0%4 837,2040
990 20004 20008 20380 5033 837,2040
100 #0005 20008 +0381 ;oss; 83742040
110 »000% 0009 ;83!1 ,033 837,2040
120 20006 #0008 s0382 £0329 837,2040
130 »0006 10008 L0302 ,0328 ‘8%7,2040
140 20007 0005 »0383 20323 837,2040
150 20007 £00059 »0383 0324 837,2040
160 »0008 /0005 »0384 F0318 837,2040
170 £0008 0008 ogr LUS3 ;0318 837,2040
180 20009 ;0008 18y3014 .;osxg 837,203
190 20009 20080 ‘401,1626 F0217 837,1897
300 70010 fouge  masl7g402 10279 8370674
10 #0040 231474 309;;917 £0276 835,6402
T ,0011 6,981 46,2204 0278 819,7187
330 »0011 21,6455 13;3266 4032 815,8338
{ {4 »0012 27,6215 41719 TSR I LY
$%50 20012 30,0193 €,8981 2064 858,128)%
260 p0043 31,4478 $,1%%0 2084 817,530%
gro ,0013 32,5384 | ,29;9 21039 816,9246
80 #0044 33,3032 §,6218% plR3s 816,4829
290 20044 53,8226 3;4390 pla28 836,0901
00 s0018 14,1888 ,inxv 21617 B1S.7215
10 p0045 34,4478 4,8418 21799 81%,3743
320 0016 34,6396 4,14967 p3978 815,0459
'isﬁ 20016 sa,ra%s 3,09;3 ;exs; 844,7334
‘%40 ﬁooiz !QQSQ 3 39517 .}229. 55439392
Y890 20017 14,9680 s,g::a ;2438 814,14%9
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