





MURGATROYD - AN IBM 7090 PROGRAM FOR THE ANALYSIS OF
THE KINETICS OF THE MSRE

I. Introduction

This report is a description of an IBM 7090 program based on a par-
ticular model of the Molten Salt Reactor Experiment. The differential
equations of motion are discussed in Section II; since much of the de=-
rivation has appeared elsewhere,l only the additional derivations nec-
essary in the present problem are included. The fifth-order Runge-Kutta
procedure is a standard one which can be found in many numerical analysis

3

textbooks.2 Its previous successful use in the TO4 program PET- indicated
applicability to the present problem and no revision has as yet been found
either desirable or necessary. The use of the program is discussed in
Section III, with instructions for the preparation of input data; sample

input forms and output sheets are included.

II. Differential Eguations of Motion

A. Power, Fuel and Graphite Temperatures

The reactor model used as the basis of the program is a one=point,
one~-energy group representation, with up to seven delayed neutron pre-
cursors, which is described by the following set of differential equations:
(all symbols are defined in the Nomenclature; a dot over a symbol denotes

time derivative)

k_(1-B)-1 il
= —9~——7——— P+ 23 A, . (1)
i1 * 7
. B; P
P ,i=1, N 2)

The effective multiplication constant ke is assumed to be of the form

ake ake
k = - - - - .
. 1+ A+ bt 5T (T, - T.) Bg (T, Tgo) (3)
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S, i‘f=fP-wcP(T2 -Tl)+h(‘1‘g - T.) ()
5, ég = (1-1) P - n(T, - T,) (5)

It is now necessary to specify some connection between the mean fuel
temperature Tf, the inlet temperature Tl and the outlet temperature T2.
The assumption is made that the mean fuel temperature is a weighted mean
of the inlet and outlet; i.e., that

T, = al) + (1-a) T2 3 (6)

the weight a(0 < a < 1) is an input number in the 7090 program.
Further it is assumed that the inlet temperature Tl is a constant.
With the definitions

S (T, -T.)
Ve = L ffPo fo (7)
yy = i e (8)
g (1-t) P

and the initial condition
h(Tgo - T,) = (1-f) B, (9)

the following equations may be obtained

. P We, h(l-f)PO
fPOyf = f(P - PO) - 5 yf ( e + h) + - yg (lO)
i g
. h(1-1)P hfP_
(l-f)Poyg = (l-f)(P-PO) - ——-S—g——-—— yg + -—S—f'— yf (ll)

which, with the definition
x = P[P (12)

may be further transformed to obtain the equations used in Murgatroyd:
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Similarly equations 1 thru 6 may be transformed with the definitions

C.
i

and .
75

to

Qs

If the

= Fi/Po
= ai/z
k (1-B) - 1 N
= __e._.(_....?...).._.—- X + E A C
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= ')'i X-'}\ici y 1 =1, N.

definitions of y, and Yg? equations (7) and (8), are introduced

into equation (3) the effective multiplication constant becomes

ake fP ake (1-f)Po
ke = L+ b+ Db =I5l 5. Ve 7| 3T 5 Y
T f g g
with the definitions
o ok P
WE = 5_2 2
f T, sfz
g2 ake (l-f)Po
- | aT S 4
g g

[These

are similar to the parameter WN2 in reference 1]

the equation for the normalized power becomes

L]
X

N

£ g

_ [ Q+o+08)Q -B) -1 _ (1 - 3)(wf2yf + W 2yg)} X+ ), A G
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The differential equetions actually used in the program are the set
20, 16, 13, and 1k.

(13)

(k)

(15)

(16)
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(18)

(19)

(20)



B. Pressure

The simplified model of the primary fuel salt system is shown in
Fig.III. It is assumed that compression of the gas in the pump bowl
is adiabatic, and that the behavior of the molten salt is adequately

described by the linear equation of state

o) = o+ B (T - Tg,) - (21)

A force balance on the liquid in the outlet pipe yields the equation

M
T . 2 .
IHEE-C-U_A(PC-PP-an) ’ (22)
in steady state

p (o) = pp(O) + &, er . (23)

The assumption that compression of the gas in the pump bowl is adiabatic

can be stated as

n n
Vo= o) |V (o ; 24
B T = By(o) V(o) 7 (24)
if we assume that Vp - Vp(o) << Vp(o) and neglect second order terms,
we obtain
nAv
p, = Pylo) [1 - vﬁP‘io ] : (25)

P

The change AVP in the pump bowl gas space volume is now assumed
to be equal to the change in volume of the core fuel salt due to the
change in temperature of the core fuel salt during a transient; i.e.,
compression of the molten salt is neglected, as is heating of the ex-

ternal loop. The change in volume AVc is expressed as

—AV_ = AV = - v 22
p c cp
o)
~ .V 1 ge_ (T -T.)
c po Tf f fo

and substituting in (25) we obtain

[
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P, = Pp(o) |:l+ VP(EO) 1 9

Po an

(Tf - Tfo)} . (26)

Solving equation (22) for the core pressure we obtain
M .
= + a U2 + L U ;
Pe Pp + 8p gk ;
subtracting equation (23), we obtain
Ap = (o) = -p (o) + a (U2 U 2) + .- U (27)
P = P, =P = Pyt By f o RN g.A ’

the term pP - pp(o) is due to the compression of gas in the pump bowl, the

term af(U2 - U02) is due to the increase in friction losses, and the last
term is the contribution from the inertia of the fluid in the outlet pipe.
In order to proceed, a relation between outlet velocity and fluid
density change is needed. The equation of continuity for the fuel salt
in the core is approximately
5 = = A po (U - UO) ; (28)

1)
c

solving for the velocity U we obtain

Ve 1) :
U=U0-A_.-5-§‘%Tf; (29)

T c 1 9 .
U“'K"p_&% Te - (30)

We now substitute equations (29) and (30) into (27); after some re-

arrangement we obtain
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With the definitions of y, and x (equations 11 and 16) equation (31) is

transformed into

Ve 1 3o BT M A
b2 = - g oIS S [1&& & **pl) yoy Ve
o] f T b
, v P .
. 1 3 0 .\
oU - = 2
T B <} SRU_ p_ O, B yf)} (32)
o "o £ °f
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14k gcA
al = 2U af i
r
amd v £P
4 = .- 1 o _o
3 2AU_ o, be 5o

we obtain the equation used in the program:

sp = dl[ X + dy Vot &f (1 + d3 &f) J (33)

In terms of the dimensional groups of reference 1 and the parameter Wf

defined in equation (18), the constants, dy, d,, and d3 may be written

3¢ X .
It is.assumed that T, = fP/bf.
< i
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d, = WH Cy (34)

o
il

2
3 = Vg /214

C. Effective Delayed Neutron Yields

In order to account for the reduction in delayed neutron production
in the core due to fluid flow, an effective yleld is calculated for each
precursor, assuming constant flux and slug flow. The fraction vi of
delayed neutrons of the ith group which are released in the core is
. (&)
given by

At e-%itL

- (35)
. %i(tc + tL)

1cC 1

vhere tc is the core residence time, Ki is the decay constant of the

ith precursor and t, 1s the external loop transit time.

L

III. Organization and Use of the Machine Program

The program is designed for use in parameter studies; therefore the
calculation is separated into two parts, the first of which deals with
the characteristics of the reactor which remain constant for a series
of cases, and the second of which deals with the characteristics which
change from case to case. Input forms are shown in Figures Ia and Ib;
in the usual procedure the first form would be filled out once to describe
the characteristics of the reactor, and a second form would be filled out
to describe each set of initial conditions and ramp insertions. The in-
put data symbols appearing on the input forms are listed in Tables 3 and L,
with their definitions, the names given them in the program, and the format
with which they are read from the input tape.

The standard CDPF Monitor input (logical 10) and output (logical 9)

tapes are used; no other tapes are required.
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Output for a typical case is displayed in Figures IJa and IIb.
Figure IIa is an edit of the input describing the reactor system, with
the calculated effective delayed neutron yields; Figure IIb is the in-
put for a particular case, and the continuations of Figure IIb show the

time behavior of the reactor. The two columns headed
PCT DK REMOVED BY
FUEL GRAPHITE
show the percent reactivity removed from the system by the temperature

rise of the fuel salt and graphite, respectively. The quantity labeled
"(1/P)(DP/DT)" is calculated from the expression

o = P(t) - P(t - At) 2
- At * P(t) + P(t - At)

and is therefore approximately the inverse period at t =~ At/2, where At

is the input time step. .
Since the frequency of printing is an input number, special provision

has been made for indicating the first power maximum, the first pressure S

maximum and the subsequent pressure minimum. ("Maximum" and "minimum"

are to be taken here in the mathematical sense of points of zero first

derivative and negative or positive second derivative, respectively.)

The values labeled "VALUES AT POWER MAXIMUM" are the values at the time

t, when the power has first decreased, and the values at the two previous

3
times, tl and t2, as shown in Table 1.

Table 1. Power Maximum Indication

Time Power (1/P)(Dpp/DT)
t) P(tl)
9,2
t, P(tz)
“,3 “
t3 P(t3)
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The criterion for printing is
>
P(tl) < P(t2) 2 P(t3)

and the quantities ai . are
2

P(tj) - P(ti) 5
i,d At ) P(tj) + P(ti)

Similar remarks apply, mutatis mutandis, to the values labeled "VALUES AT
PRESSURE MAXIMUM" and "VALUES AT PRESSURE MINIMUM."
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Table 2. Nomenclature

Definition
2

area of outlet pipe, ft
friction factor, psi/(ft/sec)2
initial ramp reactivity input
specific heat of fuel salt
fraction of power generated in fuel salt
conversion factor

product of heat transfer coefficient times
wetted area of graphite

effective multiplication constant
prompt neutron lifetime
mass of fluid in outlet pipe, 1b

ratio of specific heats (CP/CV) for pump
bowl gas

pover
core pressure, psi

pump bowl pressure, psi

initial core pressure, psi
initial pump bowl pressure, psi
fuel salt heat capacity
graphite heat capacity

fuel temperature

graphite temperature

time

core residence time

fuel salt inlet temperature

fuel salt outlet temperature

Equation
22

22

22

2l

22
22
23
23

= & WU

13
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Table 2. = Cont'd

Symbol Definition Equation
U outlet speed in pipe, ft/sec 22
Vp(o) initial gas space volume in pump bowl, 3 24
W mass flow rate of fuel through core L
B total delayed neutron yield 1
Bi yield of ith delayed neutron precursor 2
Fi latent power due to ith precursor 1
A initial step reactivity input 3

o] fuel salt density 21
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Table 3. Input for Description of Reactor System

Title Fortran Name
1. Core characteristics HPLM
Vc salt volume, ft3 vC
t, residence time, sec (if fuel is not circu-
lating, enter zero) TCZRE
a weighting factor for mean temperature ATMX
h heat transferred from graphite to _sale per unit
temperature difference, Mw sec/°F HTRAN
f fraction of power generated in salt FRACT
8o fuel heat capacity, Mw sec/°F HCAPF
Sg graphite heat capacity, Mw sec/°F HCAPG
Iake/an fuel thperature coefficient of reactivity,
(°F) TCEF
lake/aTgI graghiEi temperature coefficient of reactivity,
("F) TCHG
£ prompt neutron lifetime, sec FLT
fo fuel density, lb/i‘t3 DENSE
I(l/p)(Bp/BTf)l fuel expansion coefficient, (OF);l EXPCP
ki delayed neutron precursor decay constants, sec_l FLAM(I)
B; delayed neutron precursor yields BETAS(I)

2. External loop characteristics

tr residence time, sec (if fuel is not circulating,

enter zero) TLGGP
A outlet pipe area, ft2 AREFA
L outlet pipe length, ft PLGTH
u, steady state outlet velocity, ft/sec VEL@X
a friction factor, psi/(ft/secz) AFR
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Table 3. Cont'd

Title Fortran Name

3. Pump bowl characteristics
3

Vp(o) initial gas volume, ft VPRS
pp(o) initial pressure, psi PPRS
N ratio of specific heat at constant pressure

to specific heat at constant volume for

gas in pump bowl CPgCV

Title card is read with format 12AG; others with TELO.O.
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Table 4. Input for Individual Cases

Fortran name Format
Case number ICASE 16, 11AC
Title HPLC }
Symbol Definition
PO initial power, watts PZER@
Tfo initial fuel mean temperature, °F TFO
Tgo initisl graphite mean temperature, °F TGO 6EL0.0, 2I5
ak(o) initisl step insertion, % STEP
b(o) initial ramp rate, %/sec RATE
ot time step, sec HH
NPg printout frequency NPg
KST@P number of time steps to be run after
power peak KST¢P
ST¢P TIME total time to run YEND }
F10.0, I5
NTC number of ramp rate changes NTC

time to change ramp rate, sec TC '}. 6F10.0

new ramp rate, %/sec BNEW 3 pairs to a card)



MURGATROYD INPUT |

TITLE FOR SERIES OF CASES

A
T T T T T A T O T T

T

CORE DATA

Ve

}c

a

h

¢

St

6

Sg

71

TIIIITIII

T

T

TITTITIT]

T

HEEEE

T

[TITITIT]

[ITITITIT

| lake/a Tfl

| lake/ aTg‘

31

P

JIIHHHIKIHIIHH

TTIITIT

HENREREE

I TIII

O

DELAYED NEUTRON

DATA

Ay

A

A
21 3

Aa

Asg

rg

S

A
| 7

g

80

LTI

TITTITTT

EREREREN!

T

1T

[TTTT]

TITIITIII

[TTTTTTT]

LTI

B

B2

Bs

Ba

Bs

Be

S

Bz

7

EENENNNNNERENNNAREN

TITIITTIT

T

1T

REREE

HEERERER

T

EXTERMAL LOOP DATA

TIITITIOL

e

A
1}

L

u

41

af

TTITTIII

RERNERERI

TITIITII]

TITIITIT

[

HEERE

73 86
ERERER

PUMP E«/L DATA

SNRRENNNRRRNNNRRNNNNN

Vs (0)

P
" p (O}

R

31

80

TTIITIIIT

EERNEEEE

T

EEENERERRSENNENANERRRANRAREEERNRANEEREEN

TITTII

F\G‘ 151‘ Tnpus Descrizios QGA(TCQ SYSTEM



MURGATROYD IMPUT-2

\ CASE NO.

CASE TITLE

HREN

7 . l73 80
T O T O T A O e A T T T T T T T T T T e L i

P

Tfo

T

Ak (0)

b

3t

NPO K STOP

80

inxanEREn

I

21 90
HENRRERN

T

T

IO

T

I

T

STOP TiME, sec

NTC
1

80

T T

RN

O O T

TTTIIT

TIME, sec.

NEW RAMB % /sac.

TIME, sec.

NZV RAMPR % /sac.

TIME, sec.

NEV! RAMP, %/scc

U TOITTITT

T

TITTIIITI

T

T

TTIITITT]

RENERANERN

T

21

pos

T O T T T T O

AEENENRANNNANERRREE

LTI il

T

3i

80

RN ARANNNRNEE

TTITITIII

[HIREAEEEE

T

T

HEREEENERN

T

21

31

SRARENARA

T

ERREERANERRERRNEEDN

T

T

HERERENRER

SERERENE

51

ERNERREAN

TTTIITI

TIITTIIITT

T T

HEENEERE

| TITTTITITT

I

21

TITITTT

T

EEREEERE

TTTTIITL

ENEERENNENENNERNNNE

NENEENENRNSARENERS

1

21

31

HERRRREN

EREREARER

ERRERENE

TTTITIII

HRENERENI

T

[T T

Fig Tb. Iopor For Owe Case

8T



PROGRAM MURGATRoYD=11

MBRE NOFNMAUTFLOW ND SDAK-UP™ 3727782

INPUT EDTY
HEAT TRANSFER RATE (GRAPHITE TO FUELY 0,020 MW
FRACTION OF POWER GENERATED TNFyUEL 0,940
RESTDENCE TIMES

corE 7 7,318 SEC
Loop 17,334 SEC

HEAT CAPACITY,  GRAPAITE  FUEL
MWeSEC/DEG F 3,530 00 tyd470 01

DK/DT,/DEG F 7 6,000E-0% " 2,800E-U5
DELAYED REUTRON DATR o

DELAY UAMBDA, STATIC — EFFECTIVE  GWAMMAC]),

GROUP _SECee-! BETA  RETA __  SEC**-1
i N,0124 2, TT2E=14 " 8,094E-05 2, T70E=-0t
2 0,0305 1,402E-U3 4,254E-04 | . 468 00

3T TTTE T Y, 2586 T3 TR, FUGRSUA T, E23E 0T
4 0,3013 2,528g=13 !,513E-03 5,216E 00
ST, Tan0 7, 4U0e-14 6,5 T13RST4 2,296k 00
6 3.,0100 2,700F-24 Z,577E-04 8,888E-0

19

a.
Fie. 2. Sampee Oureur

/DEG F

INTYTEL ~ **%GAMMAFBETAZUIFETTME

. Cery C # GAMMA/LAMBDA

{7508 01

4,813 0

T T,A57ETTT
1.731e 0l

TTT,970k 00

_2.953E-01

TOTAL 6,905F~u3 3,381E-03

NEUTRON LIFETIME 2,90%E-04 seC

FUEL TEMPERATURE # 0,5UINLET + 0,50%QUTLET

AR AR "b'-(JT["E“f" P'[ PE DATE ¥ TEEEGEEN T
PAREA, LENGTH FLOW SPEED, FRIGCYION TERM,*
WWATEYTTTFY T T FT/SEE T U PST/URTASECY PR
0,139 16,0 19,3 0,0203 .

PR R AR R TR RN A F VA TR T T T FFIIRAG BN s Tagddhad

DATA FOR PRESSURE CALCULATION
I EEEEEREE RN B 'pUMP"HowL DAT’K TERVEEETTTRE AR CG_RE SALT DATA TeaReta R
* GAS VOLUME, PRESSURE,  CP/CV_® * VOLUME, DENSITY, =(1/V)(DV/DT),

e Tcugle FT O T PST ' TR CUFY T Le/cU FY PER UEG F
L4 2.5 5,0 |67 *» 19,6 14,5 1,26E=04
GERPAR B E AT R IR RADIIN B AR TR R FRPITR T B Acivaenaapaipaee T T XX XN



CASE t

20

Fle. U b,

PROMPT CRITICAL STEP AT 14 MW

INTTIAL VALUES

POWER

FUEL TEMP
GRAPHITE TEMP
STEP DELTA K
RAMP RATF
TIME STEP

PRINT EvERY 20 STEPS

1.000E 07 WATTS

100,900 UWEGREES F
"1230.100 DEGREES F

0.338 PERCENT
0, PERCENT PER SECOND
5,000E=03 SECONUS




MURGATROYD [l CASE |
TINES TTTPOWER, TUUFUEL TEMP,

SEC WATTS DEG F
0.100  2,170€ 07  1200,369
0.200 _ 3.388E 07 1201,479
0.300 4,673k 07 1203,346
0,400 6,006F 07  1205,984
0.500 7,331 07  1209,396

VALUES AT PRESSURE MAXIMUM
TIME,SEC PRESSURE RISE,PSH

D.560 [.2503F 00

0.563° 7 "T,2504 00

0.570 12508 0%
0,600 B,562E 07 1213,519

0.700  9.601€ 07 1218,245

GRAFHITE
TEMP,DEG F

1230,010
l2sn.04n
(240,093

1280,170

1230,541

0,800 1,036E 08 1223,410

1230, 706

0.900  1.08lg b8 1224,809  123u,883  8,922e-01

VALUES AT POWER MAX[MUM

TIME,SEC POWER, WATTS DtLN PY/DT
0,990 ) ,0938E 1B
e ~ TATEIYTESDS T T
0,998 1,0938E 08
=1 3TITE=TS )
t.000 1,0938E 08
T, 0007 T, UvAE U8 234,734

ALTO0 TTULVTETE U T239,503°
1,200
30U T TTUUTOET TR T249,093

CT.DB0 U8 1249483

1237,257 7" 5,594g=01"

T12371,445

TUTTT231,629

1,400 9,653 U7 253, 3T

1,500 9,214 0y @Y TI0

T, 6007 T BLBOBE 07T I8, 544

1,700 7T B8,436F (77 T 1263,635
i,80n ‘8,108 077 1266,420
1,900 7,818E U7 T126#,932

CTe31, 981

TTTTRIZTTAYTTTTE V0sE=0T T

1232,627

230,395

124u,270

T2 069 " 7 T 72E-T1" "~ ", 33817

T231.807

1232,313
T e3ev4re

BERTLALS

21

Fio Tb. (Cont.)

coem e L4 TOIE [

CT7PY(OP/ILTY,
PER SECOND

 5446BE 00
31687 00

2,811E 00
24239 00

00

80 0.3%81

J.058E DO U.$S81 0,0655  0.U042

u,3%81  0,0807 0,0053

"T'PRESSURE™ " DELTA k  PET ‘DK REMOVED BY -
RISE.PSI  INPUT,PCT  FUEL  GRAPH]TE

7,6776=01 0,338 0,0010 0,000

. 9s016E=0} 0,336)  0.004f 0,v002
~1.040E a0 0,3381 0,0094 o.u006
l.159€ 00 0.3981  0.0168  0,0010
1,295 00 U.3381  0.0263 0,006
t.246E 00 0.3381  0,0379  0.0024

0.u501 . 0,0032

_._:1+350¢ 00
.. 94B76E~01
_51926E-0]

_2:677€~01

0,338 " D,iI08 0,0075

3,335g-01 TT0,.3381 77 70,7246 09,0087
T3 420E=01T 70,3381 U.lS?S“"”UTUD?B'""WW

T2,797E=-01T T 0,3%87 g,13d92 T4, 0108

C2,384E-01 00,3381 09,1599 0,0119
TU,33B1 T 0L, 189% L UTRY T T

v U3E~D| Us338t  0,1782 D.U139

le744e~01 U, 3381 0.1860 p.0148

1.,607e=01 7 10,3381 " p0,i93p 0.UI58

0, 0959 B U088 T2, 685E-0T

~2,090€E~D]
«3+492E-01
TS4V300E-TT
T w4, 684ER0]
~4,637E=01
S =4, 44UE-01
w8y |45E=01
" =3.812E-0]I

T w3,4B7E=0)



MURGATHOYL

TIME,
SEC

2.000
2,100
2,200
2,300
2,400
2,500
2,600
2.700
2,800
2,900
3,000
3,100
3.200
3,300
3.400
3.500
3.600
3,700
3.800
5,900

a,nan

u7

u7

"Wy

] ]

v 7

CueL

ko b
e/t 2ut
{el8,25>

127,01 1A

127,754
feat, u?
123,135
teas,?is
1end, i9n
12d9,0ct
12875 ,R06
e nln
1o/, ind
1ed?,74b5
123,271
[ZUH.745
1239 ,40 /70
1237,521
e 3%
122,142
2y, 428

1271 ,gh9d

1ezi 2y

1271 .0/4

T4,

gbarbl Te

{287,779

tade

|

289,551
PA%%, 738
fran, et

b 28, 9du

22

Fig. 0b (cont)

PReSoUNE
RI3E,FS]

| ,433rk=g1
| 850E=11
Voe263=0|
(Y|
Lefi23e=ut
Y.6ibkE=12
B,7376=02
ToG24r=2
7.1084-=y2
6,456£=12
L.79B2=12
S lnbi=ng
4,616-=32
4,097-12
3,99 /7¢=n2
.14 1Ff=12
2.718E-02
2,82) =02
1,964k =07
| 62T e=i2
1, 816F«07
1, 0l8kE=0¢
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TIME ™ "TTPUWERG T TFUEL TEMP,  GRAPHITET PRESSURE " "'DELTA K = PCT DK REMOVED BY - /P (bP/DTY,
_Sec UATT‘S DEG,F, ~ TEMP,DEG F FHSEV.PSI” ,INPUT'PCT - FUEL GRAPHITE PER SECOND
4,500  5,298E 07 1291,225 {286,070  7,413e=04  0,338]  0,2554 Q,U364 -5,827E02
9,600 5.268F U7 1291.358  1236,191  -1,2138-08 0,381  0.2558  0,U37) -5,523E-02
4.700" 5.240{:_9]_ 329|,4‘29 I?Jé,&ll‘ «3,018E-03 ] 7707.3391 0.725/61 '_0.U~579 - =5,239E-02
4.800  5.2138 07 1291,545 = 1236,43)  =4,6765¢03  U,3381  0.2563  0,0386  -4,972E-02
4,900 5.188E 07 1291,613  1236,55)  =6,219€-03 0,3381  0,2565  0.0393 _  -4,726E-02
5.000  5.164E 07 129§.603 126,670  e7,64]E703  U.338) 0,567  0,0400  -4,496E-02
5.100  5.142E 07 1291,697  1236,789  ~8.956E-03 v,3381 0,268  0,0407 = -4,283E~02
5.200 51206 07 1291,717  1236,907  =i,017€-02  0,338] _ 0,2568  0,0414 ~4.083€-02_
5,300 5.100F 07 1291,728 (287,025  =|,128E-02 0,338  0,2568 0,0422 . =3.894E-02
5,400 5.080FE 07  1291,717 1237,143 «|,23|E»02 0338 0.2568  0.0429 «3,722E=02
5,500 5,062E 07 1291,699  1287,260 | ,325E-02 0,338 09,2568 0.0436 -3,559E-02
9,600  5.044E 07 1291,670 1237,376  ~1,413E=02  0,338|  0,2567  0,0443  ~3,408E~02
5.700  5,028E U7 129,63 1237,493 = ,494E=02 003381  0,2566  0,0450  3,269E-02
5,800  5.0i2E 07 1291,584  1287,609  =1,567€-02 0,3381  0,2564 0,0457 ~3.13%Er02
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(6,600 4.904E 07 1290,949  1238,524  ~1,975€=02 0.3381  0.2547  0.0501  -2,359E~02
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_6.800  4,882F 07 1290,739  1288.749  -2,039€-02 0.3381  0.254)  0.,0525 -2,22%E-02
129,628 1238,86] =2,067€-02  0,3381  0,2538  0.0532 _=24163E~02
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4.B71E 07
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MURGATYROYD 11 CaASE
TIMEY™ 7 POWER, -
SEC  WATTS
9,200 4,678E U7
9,300  4,671F U7
9,400  4,664E 07

9,500  4,657F 07

L.9.000

9.700

4,643 07

4,650k 07

9.800  4.637E 07
9.900 4.830F 07
10,000 4,623k 07

FUEL TEMP,
DEG F

1287,545%
1287,401
1287,257

287,112

286,967

1286,822

1286,677

186,592

10,100

_4.616F 07

|1286,0%7

128%,952

10,200 4.610% 07
10,300 4,603c 17
10,400  4,596F 07

10,500

1285,807

.4.590€*DZ

1285, 662

286,367

128,242

j242,614

lo.600

10,700

1o0.800

_4.577€ 07

4,583 07

1e85,517

10.%00

11,000

4,564 (7

4,557€ 07

1285,083

284,939

128%,372

l285,2¢8

GRAPHITE
TEMP,DEG F

(241,364
I241,470
241,575
1241,680
1241,785
I241,889

124,994

1242,408

1242,51 1

1242,819
1242,92]
WJ?EJ:U22
243,124

1243,225

1242,201

1242,098

1242 ,305

1242,716

25

PRESSURE
RISE,PSI

=2.283Er02
«2,283E~02
2, 282E"U2

n2,282E=02

=2,2806=02

~2,278E=02

=2,277€=02

~2,276E=02

-2,274E-02

r2,270E~02
"2.267Em02
“2,265E002

m2,263€-02

=2,260E=02

 2,257E=02

r2,2546702
»2,252E=02

=2,249E~02

-2.2728-02

pq_ l\a ( co,.l-')

DELTA K

INFUT,PCT

Ue3381
Ue3381
0,338
Ue338{
Ue35B1
Uy 33BI

U,3381

BUREELEN

U,3481

0. 3381

L, 338

C0e338Y

0.3381

u.338)
0,338

0,338

bedssl

be3381

be3381

PCT DK REMOVED BY'

FUEL  GRAPHITE
0,245 0,682
0.2447  0,0688
0.,2443  0,U695
0,2439 0,0701
0,2435  0,0707
0,2481  0.0713
0,427  0.0720

_0,2423  0,0726

_ 02419

0.2415

CLZPYOP/DTTY
PER SECOND

- 1,522E-02
=1s513En0D2
=14502E-02
~1+494E~02

. =le4B85E=02

l+479E=02
~14469E-02

-' Q465E'02

.0.0782

_0.0738

<1,459€-02

_=1,4538-02

gi?4ll _0.0744 | 44BEnD2
10,2407 040751 < |4441E-D2

_=1+440E=02
_.=1437€-02
_=1e432E-02

=1+427E~02

-|.425E—02

0.2403  0,0757
0.2399  0.0763
0,2394  0,0769
0.2390  0,0775
0,2386 0,078}
0.2382  0,0787
0,2378  0.U793

- |7.425E-02

',,' . 972 7’ E,-,D 2
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