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NUCLEAR PIN SIMULATION ANALYSIS

The PINSIM-MOD1 computer code has been developed and is being used
at ORNL to investigate the relationships between thermal-hydraulic tran-
sients involving nuclear fuel pins and similar transients involving
electrically-heated fuel pin simulators. PINSIM-MOD1 is currently being
used to (1) predict the thermal response of specified nuclear and/or
electric pin models to power and/or hydraulic transients; (2) determine
transient electric pin power required to simulate a nuclear pin transient;
{3) analyze and evaluate electric pin simulator transients; and (4) opti-
mize the design and operation of electric pin simulators.

This presentation discusses some differences between electric and
nuclear pins, provides an overview of the PINSIM-MODl computer code, and
presents some typical results from three types of PINSIM-MOD1 problems.

Differences between nuclear fuel pins and electric pin simulators
arise because the two are constructed of different materials. Included
in the presentation are plots, for each type of pin, of typical radial
temperature distributions, radial stored energy distributions, and radial
variations in thermal diffusivity.

PINSIM-MOD1 is described in the presentation as a modular computer
code. Simplified overall major module interaction is diagrammed and each
of the five major modules is briefly described.

The first type uof PINSIM-MOD1 problems presented had as its objec-
tive predicting the thermal response of an idealized nuclear pin model
to a hydraulic transient similar to that of a typical THTF test. The
problem is briefly described, and a problem model diagram is presented.
Examples of PINSIM-MOD1 results (temperature distributions, surface heat
flux, and heat transfer coefficient transients) are presented.

An electric pin power programming problem is presented as the second
type of PINSIM-MOD1 probleii, ~The problem is briefly described, and exam-
ple results are presented. The results illustrate the ideal power program,
compare the desired surface heat flux trancient with the predlcted surface
heat flux, and present the correspondlng internal electric pin temperature
d15tr1but1ons. Also discussed is a scheme by which PINSIM-MOD1 results are
processed to meet THTF power programming requirements.

A third type of prcblem solved by PINSIM-MOD1 is presented in a dis-
cussion of evaluation of electric pin transients. Analysis in this area -
is intended to provide information which will assist in determining
whether a specified electric pin transient has simulated, or will simulate,
a conceivable nuclear pin transient. Several types of PINSIM-MOD1 problems
generate information which addresses this question; several of these prob-
lems are discussed in the presentation. Each problem is briefly described,
and sample results are presented. The problems discussed include those
which were intended to (1) determine the nuclear system transient which
is equivalent to an electric pin transient defined by surface temperature
and surface heat flux transients; (2) determine the corresponding ‘'close--
typical"” nuclear system transient; and (3) contrast the predicted
pin response with the corresponding electric pin thermal response.q%
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GENERAL AREA OF ANALYSIS

THE RELATIONSHIPS BETWEEN THERMAL-
HYDRAULIC TRANSIENTS INVOLVING
NUCLEAR FUEL PINS AND SIMILAR
TRANSIENTS INVOLVING ELECTRICALLY-
HEATED PIN SIMULATORS

PRIMARY ANALYSIS TOOL

THE PINSIM-MOD1 COMPUTER CODE
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O"NL THE PINSIM-MOD1 COMPUTER CODE HAS BEEN
DEVELOPED AND IS REING USED AT OGiil TO
ADDRESS QUESTIONS WHICH ARISE WHEN
ELECTRICALLY-HEATED PINS ARE USED
TO SIMULATE NUCLEAR FUEL PINS
DURING HYDRAULIC TRANSIENTS

— HOW AND WHY DO THE TRANSIENT RESPONSES OF
NUCLEAR FUEL PINS AND ELECTRIC PIN SIMULATORS
DIFFER?

— HOW CAN AM ELECTRICALLY~-HEATED PiN BE USED
TO APPROXIIAATE THE THERMAL RLSPONSE OF THE
NUCLEAR FUEL PIN?

— HOW WELL HAVE ELECTRIC PIN SIMULATOR TRANSIENTS
ACTUALLY SIMULATED CONCEIVABLE NUCLEAR FUEL
PIN TRANSIENTS?
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GENERAL TASKS IN NUCLEAR PIN SIMULATION
ANALYSIS

FPREDICTING THE THERMAL RESPONSE OF SPECIFIED NUCLEAR
FUEL PIN AND ELECTRIC PIN SIMULATORS TO POWER AND/OR
HYDRAULIC TRANSIENTS

— PROGRAMMING OF TRANSIENT ELECTRIC PIN SIMULATOR
POWER

— ANALYSIS AND EVALUATION OF ELECTRIC PIN SIMULATOR
TRANSIENTS

~ OPTIMIZATION OF ELECTRIC PIN SIMULATOR DESIGN AND
OPERATION




ORNL-WS-1€49

| ORNL

NUCLEAR PIN SIMULATION ANALYSIS:
TOPICS

DIFFERENCES BETWEEN NUCLEAR FUEL PINS AND
ELECTRIC PIN SIMULATORS

DESCHIPTION OF PINSIM-MOD1

PRINCIPAL APPLICATIONS OF PINSIM-MOD1
— PIN/CHANNEL SIMULATION
— ELECTRIC PIN POWER PROGRAMMING

— EVALUATION OF ELECTRIC PIN TRANSIENTS
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OFNL NUCLEAR PIN SIMULATION ANALYSIS:
TOPICS

DIFFERENCES BETWEEN NUCLEAR FUEL PINS AND
ELECTRIC PIN SIMULATORS
DESCRIPTION OF PINSIM-MOD1
PRINCIPAL APPLICATIONS OF PINSIM-MOD1
— PIN/CHANNEL SIMULATION |
— ELECTRIC PIN POWER PROGRAMMING

—~ EVALUATION OF ELECTRIC PIN TRANSIENT;S
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NUCLEAR FUEL PINS AND ELECTRIC PIN
SHAULATONS ARZ CCLTRUCTED OF

DIFFERENT MATERIALS

NUCLEAR FUEL PIN
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onnt AT STEADY STATE, A NUCLEAR FUEL PIN OPERATES
AT A HIGHER TEMPERATURE THAN DOES

AN ELECTRIC PIN SIMULATOR

LINEAR HEAT RATE = 17.7 KW/FT
NUCLEAR PIN MODEL TEMPERATURE DISTRIBUTION
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ORNL AT STEADY STATE, A NUCLEAR FUEL PiN CONTAINS

MCRE STORED ENERGY (pCpT) THAN DOES
AN ELECTRIC PIN SIMULATOR

LINEAR HEAT RATE = 17.7 KW/FT
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°"N' THE TRANSIENT THERMAL RESPONSES OF NUCLEAR FUEL
PINS AND ELECTRIC PIN SIMULATORS DIFFER, IN PART
BECAUSE OF DIFFERENT RADIAL “THERMAL
DIFFUSIVITY (K/pCp) DISTRIBUTIONS"
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ORNL NUCLEAR PIN SIMULATION ANALYS!S.
TOPICS

DIFFERENCES BETWEEN NUCLEAR FUEL PINS AND
ELECTRIC PIN SIMULATORS
DESCRIPTION OF PINSIM-MOD1
PRINCIPAL APPLICATIONS OF PINSIM-MOD1
— PIN/CHANNEL SIMULATION
— ELECTRIC PIN POWER PROGRAMMING

— EVALUATION OF ELECTRIC PIN TRANSIENTS
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ORNL '

PINSIM-MOD1 CAN BE DESCRIBED AS A MODULAR
COMPUTER CODE. MAJOR CODE MODULES

INCLUDE:
— PIN MODEL HEAT TRANSFER MODULE

— COOLANT HYDRAULICS AND WATER PROPERTIES
MODULES

— SYSTEM POWER AND ASSOCIATED MODULES
-~ MATERIAL PROPERTIES MODULE
~ INPUT/OUTPUT MODULES

PINSIM-MOD1 WAS DEVELOPED AND IS OPERATIONAL
ON AN IBM36G0/195.
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A MODULE IS A SECTION OF THE CODE
WHICH OPERATES ON SPECIFIED
PARAMETERS

PARAMETER  PARAMETER
A B

FUNCTION
MODULE

OPTION
i
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% bINSIM-MOD1 SIMPLIFIED MODULE INTERACTION
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o™ B INSIM-MOD1 PIN HEAT TRANSFER MODULE
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OR

" THE PIN HEAT TRANSFER MODULE SOLVES
THE TRANSIENT, ONE-DIMENSIONAL
CONDUCTION EQUATION
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PINSIM-MOD1 PIN MATERIAL PROPERTIES MODULE
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ORNL TUE MATERIAL PROPERTIES MODULE DETERMINES
PIN MODEL THERMO-PHYSICAL PROPERTIES

(K, p, cp), BASED ON PIN THERMAL CON-

DITIONS, FOR USE BY THE PIN HEAT

TRANSFER MODULE

PIN
MODEL

k, p. <,

MATERIAL PIN
PROPERTIES |<t=~=——-—= THERMAL
MODULE CONDITIONS
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ORNL b INSIM-MOD1 HYDRAULICS AND WATER PROPERTIES MODULES
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THE HYDRAULICS MODULE SOLVES THE
EQUATIONS OF CONSERVATION OF
MASS, ENERGY, AND MOMENTUM
TO DETERMINE LOCAL FLUID
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PINSIM-MOD1T POWER SYSTEMS MODULES

POWER SYSTEM
MODELS AND
OPTIONS
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THE POWER SYSTEMS MODULES DETERMINE
SYSTEM POWER AND PIN MODEL POWER

IN CONJUNCTION WITH THE PIN HEAT
TRANSFER MODULE
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' PINSIM-MOD1 INCLUDES 3 SEPARATE POWER
SYSTEM MODULES
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" PINSIM-MOD1 INCLUDES 3 SEPARATE POWER
SYSTEM MODULES
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EITHER NUCLEAR AND/OR IDEAL ELECTRIC SYSTEM POWER
MAY BE BACK-CALCULATED FROM DESIRED PIN
SURFACE CONDITIONS

DESIRED SURFACE
CONDITIONS

SYSTEM

POWER

SYSTEM POWER
BACK-CALCULATION

PIN POWER
' MODULE

PIN HEAT
TRANSFER
MODULE

63.5“% | 24
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SYSTEM POWER IS BACK-CALCULATED FROM DESIRED
SURFACE CONDITIONS USING THE ASSUMPTIONS THAT:

— THE USER-SUPPLIED NORMALIZED RADIAL
POWER DISTRIBUTION IS FIXED

— THE USER-SUPPLIED NORMALIZED AXIAL
POWER DISTRIBUTION IS FIXED

— THE SYSTEM POWER IS A FIXED, USER-
SUPPLIED MULTIPLE OF THE PIN MODEL
POWER :

" THUS, CALGULATED CHANGES IN LOCAL POWER ARE
REFLECTED IN CORRESPONDING PROPORTIONAL
CHANGES IN SYSTEM POWER
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o DINSIVI-MOD1 INPUT/GUTPUT MODULES
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PINSIM-MOD1 PRODUCES OQUTPUT IN FOUR AREAS.
THESE ARE:

— MAJOR EDITS
— MINOR EDITS
— PLOT/RESTART RECORD QUTPUT

— DEBUG OUTPUT

THE FREQUENCY AND EXTENT OF ALL OUTPUT ARE
USER-SPECIFIED.

159, S 5



b4

ORNL-WS-1655

I OANL

NUCLEAR PIN SIMULATION: TOPICS

DIFFERENCES BETWEEN NUCLEAR FUEL PINS AND
ELECTRIC PIN SIMULATORS

DESCRIPTION OF PINSIM-MOD1

PRINCIPAL APPLICATIONS OF PINSIM-MOD1
— PIN/CHANNEL SIMULATIGN
— ELECTRIC PIN POWER PROGRAMMING

— EVALUATION OF ELECTRIC PIN TRANSIENTS
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°"' NUCLEAR PIN SIMULATION: TOPICS

DIFFERENCES BETWEEN NUCLEAR FUEL PINS AND
ELECTRIC PIN SIMULATORS

DESCRIPTION OF PINSIM-MOD1

PRINCIPAL APPLICATIONS OF PINSIM-MOD1
— PIN/CHANNEL SIMULATION
— ELECTRIC PIN POWER PROGRAMMING

— EVALUATION OF ELECTRIC PIN TRANSIENTS
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- PIN/CHANNEL SIMULATION SAMPLE PROBLEM

st - e e = e came e kel

OBJECTIVE: PREDICT THE THERMAL RESPONSE OF AN IDEALIZED NUCLEAR
PIN MODEL TO A HYDRAULIC TRANSIENT SIMILAR TO THAT OF -
. A TYPICAL THTE TEST :

N

MODELS: IDEALIZED NUCLEAR PIN SIMILAR TO THAT DESCRIBED IN THE
WESTINGHOUSE RESAR-~1 AT B.O.L.

COOLANT CHANNEL MObEL REPRESENTATIVE OF A COOLANT
CHANNEL IN THE THTF . -

BOUNDARY NUCLEAR SYSTEM POWER SUPPLIED AS A TABLE; STANDARD
CONDITIONS: POWER DECAY CURVE IS DEFINED

COOLANT CHANNEL INLET AND OUTLET CONDITIONS ARE
THOSE PREDICTED BY RELAP4/MOD5 TO HAVE OCCURRED

IN'THE THTF
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O pIN/CHANNEL SIMULATION PROBLEM MODULAR
REPRESENTATION

THTF COOLANT TYPICAL
CHANNEL NUCLEAR
BOUNDARY SYSTEM POWER
CONDITIONS DECAY TABLE
THTF COOLANT NUCLEAR
CHANNEL MODEL PIN MODEL
TRANSIENT TRANSIENT
COOLANT CHANNE™L NUCLEAR PIN
LOCAL FLUID THERMAL
CONDITIONS RESPONSE
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orve PIN/CHANNEL SIMULATION PROBLEM
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ORNLNUCLEAR PIN THERMAL RESPONSE CALCULATED BY PINSIM-MOD1 AT

AN AXIAL LEVEL WITHIN THE HIGH-POWERED ZONE INDICATES A
MAXIMUM CLADDING SURFACE TEMPERATURE BELOW 1500°F
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UNION
CARBIDE

ORNL TRANSIENT SURFACE HEAT TRANSFER COEFFICIENTS CALCULATED

BY PINSIM-MOD1 SUGGEST NEARLY UN!FORM COOLANT
CONDITIONS IN THE HIGH-POWERED ZONE

CHANNEL 1
DUTLET
RELATIVE POWER

P — t F_t’ET

I ITGURFACE HEAT TRANSFER—
i { COEFFICIENTS —

o LEVELS :10 2
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HEAT TRANSFER COEF. (KW/M2-K)

HEAT TAANSFER COEF. (Btu/SEC-FT2-9F)
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UNION
CARBIDE
ORN

‘ SURFACE HEAT FLUX TRANSIENTS CALCULATED BY PINSIM-MOD1
INDICATE TIMES TO CHF BETWEEN 0.2 AND 0.5 SECCNDS
WITHIN THE HIGH-POWERED ZONE
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Re  ATIVE PONER i
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OHNL
THE PIN/CHANNEL SIMULATION CAPABILITY

OF PINSIM-MOD1 IS CURRENTLY LIMITED

— LOCAL FLUID CONDITION PREDICTIONS CAN BE
NO MORE ACCURATE THAN THE USER-SUPPLIED
PLENUM CONDITIONS

— ONLY IDEALIZED NUCLEAR FUEL PIN THERMAL
BEHAVIOR CAN BE PREDICTED

— AXIAL POWER DISTRIBUTIONS WITHIN THE PIN
REMAIN FIXED DURING THE TRANSIENT

/12207 Voa)b
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UNION
CARBIDE

O NUCLEAR PIN SIMULATION: TOPICS

DIFFERENCES BETWEEN NUCLEAR FUEL PINS AND
ELECTRIC PIN SIMULATORS

DESCRIPTION OF PINSIM-MOD1

PRINCIPAL APPLICATIONS OF PINSIM-MOD1
— PIN/CHANNEL SIMULATION
— ELECTRIC PiIN POWER PROGRAMMING

— EVALUATION OF ELECTRIC PIN TRANSIENTS
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UNION
CARBIDE
OR

" POWER PROGRAMMING PROBLEM

OBJECTIVE: DETERMINE THE OPTIMUM REALIZABLE
TRANSIENT ELECTRIC POWER REQUIRED
TO FORCE AN ELECTRIC PIN SIMULATOR
TO EXPERIENCE A SPECIFIED SURFACE
HEAT FLUX TRANSIENT IN THE THTF

MODEL: ELECTRIC PIN MODEL REPRESENTATIVE
OF A TYPICAL THTF ELECTRIC PIN

¢ BOUNDARY SURFACE HEAT FLUX TRANSIENT
CONDITIONS: CALCULATED BY RELAP4/MODS TO BE
REPRESENTATIVE OF A TYPICAL NUCLEAR
PIN DURING A LOCA

SURFACE TEMPERATURE TRANSIENT
CALCULATED BY RELAP4/MOD5 TO BE
REPRESENTATIVE OF A TYPICAL
ELECTRIC PIN IN THE THTF DURING
A BLOWDOWN EXPERIMENT

53% 1 A
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UNION
CARBIDE
ORNL

POWER PROGRAMMING PROBLEM:
MODULAR REPRESENTATION

DESIRED EXPECTED
SURFACE SURFACE
HEAT FLUX TEMPERATURE
“CONCEIVABLE"” PINSIM-MOD1 ELECTRIC
POWER LIMITS PIN MODEL
IDEAL IDEAL
"CONCE!VABLE" “CONCEIVABLE"”
POWER ’ PIN THERMAL
TRANSIENT RESPONSE
Y
IDEAL
"CONCEIVABLE”
SURFACE
HEAT FLUX

50% e 96.5
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"™ A COMPARISON OF THE DESIRED SURFACE HEAT FLUX
TRANSIENT AND THE IDEAL “CONCEIVABLE” HEAT

FLUX TRANSIENT CALCULATED BY PINSIM-LICD1

DESIRED EXPECTED {X 109
SURFACE SURFACE 160
HEAT FLUX TEMPERATURE 1
o 140 ! 16.3
- !
& 120«)t i : : <
& ] | 128 £
€ 100 d—rp S
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< 80 1% 93 3
> i -
— S . i
© 60 i ! o 3 I 5.9 5
~ et CSDEAL ‘CONCEIVABLE" 9w
L a0 TL HEAT FLUX O w
IDEAL IDEAL I i [ ; --/ . | Sk Q
“CONCEIVABLE" “CONCEIVABLE" w 20 ;m 'ﬁ.“ﬁ—» T e b b 24 X
POWER PIN THERRIAL 2 SR } A \*W I~
TRANSIENT RESPONSE =0 I “_1‘ Lot ’ P a
o o - \ 5
v > ) | f\_ DESIRED HEAT FLUX ‘ =11
T |
iDEAL
f “CONCEIVABLE” _40 I . -45
SURFACE 0 2 4 6 8 10 12 14 1B 18 20
HEAT FLUX

TIME (SEC)




ORNL-DWG 78-19723

"™ TRANSIENT INTERNAL PIN TEMPERATURES DURING THE
IDEAL “CONCEIVABLE” POWER TRANSIENT,

CALCULATED BY PINSIM-MOD1

DESIHLD EXPECTED
SURFACE SURFACE 3 ‘
HEAT FLUX TEMPERATURE 1300 i T | PIN CENTERLINE]
/ HEATER NODE TEM PERAIURE +940.20
1200 — TEMPERATURE /l
i e
1100 i1 L 17235
“CONCEIVABLE” PNSI- MODT |t PE_L[_C_(T)‘,‘>',C s 7 2
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D E -
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» w a.
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4V | ‘ ' 650.95
i e ’ - —— e
1D AL | ‘ |
“CONCEIVABLE® 500 — +— : T 533.10
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UNION
CARBIDE

ORNL

BY PINSIM-MOD1

DILSIRED
SURFACE
HEAT FLUX

“CONCEIVABLEY
FOWER LINUTS

1DEAL
“CONCEIVABLEY
POWER
TRANSIENT

v

PINSINM-MOD

EXPECTED
SURFACE
TEMPERATURE

ELECTRIC
PIN MODEL

IDEAL
“CONCEIVABLE”

Py THERVAL
RESPONSE

‘DEAL

“CONCEIVASL

SUREALE
HEAT FLUX

I3

POWER (KW)

140

120 {-
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ORNL

- THE IDEAL “CONCEIVABLE" POWER TRANSIENT
CANNOT BE APPLIED DIRECTLY TO MEET THTF
POWER PROGRANMMING REQUIREMENTS

— AN INTEGRATE—SMOOTH—DIFFERENTIATE {(1sD}
SCHEME 1S BEING USED TG PROCESS THE PINSIM-
CALCULATED POWER TRANSIENT

— THE ISD PROCESSING OF THE POWER TRANSIENT

{S PERFORMED BY A POST-PROCESSING CODE,
INDEPENDENT OF PINSIM-MOD1

/35 | 43
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UNION
CARBIDE

ORNL

IDEAL REALIZABLE POWER TRANSIENT DETERMINED
BY PINSIM-MOD1

INTEGRATE-SMOOTH-DIFFERENTIATE (ISD) SCHEME

IDEAL REALIZABLE
POWER TRANSIENT

]

iINTEGHSATED
1DEAY POWER

1
i

WEIGHTING
FACTORS

INTEGRATED

TRANS_LATED FOWER

POWER (KW}

7 : i THY K
Lt

|
L4 TIME (SEC)
TRANSLATED IDEAL
POWER TRANSIERT




UNION
CARBIDE

OR

INTEGRATE-SMOOTH DIFFERENTIATE (ISD) SCHEME

IDEAL REALIZABLE
POWER TRAKNSIENT

ORNL--DWG 78-19726

" THE “TRANSLATED” IDEAL POWER TRANSIENT

120
> Wb
INTEGRATED “ L
IDEAL POWER 80 J\ \ i

, i
< 60 ‘a’ M
WEIGHTING - 'J N
FACTORS w 1
3 40 U T
- |
INTEORATED . b
TRANSLATED POWL R 207 \ ﬂ\
°T
DITFERELTIATION
l -20
0 2 4
y

TRANSLATED IDEAL
POWER TRANSIENT
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ORNL

NUCLEAR PIN SIMULATION: TOPICS

DIFFERENCES BETWEEN NUCLEAR FUEL PINS AND
ELECTRIC PIN SIMULATORS

DESCRIPTION OF PINSIM-MOD1

¢ PRINCIPAL APPLICATIONS OF PINSIM-MOD1
— PIN/CHANNEL SIMULATION
— ELECTRIC PIN POWER PROGRAMMING

— EVALUATION OF ELECTRIC PIN TRANSIENTS

70 H
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ORNL

ORNL-WS5-1664

EVALUATION OF ELECTRIC PIN TRANSIENT

GENERAL

OBJECTIVE:

MODELS:

BOUNDARY

CONDITIONS:

PROVIDE INFORMATION WHICH WILL
ASSIST IN DETERMINING WHETHER A
SPECIFIED ELECTRIC PIN TRANSIENT
HAS SIMULATED, OR WILL SIMULATE,
A CONCEIVABLE NUCLEAR PIN
TRANSIENT

NUCLEAR PIN MODEL

(ELECTHIC PIN SURFACE HEAT FLUX
TRANSIENT

ELECTRIC PIN SURFACE TEMPERATURE
~TRANS|ENT

ELECTRIC PIN SURFACE TEMPERATURE

) TRANSIENT

NUCLEAR PIN POWER DECAY CURVE

.

£2.5 % - | L‘f'f
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| ORNL

OPTIOMNS AVAILABLE IMN PINSIM-MOD1 ALLOW THE USER TO
GENERATE RESULTS WHICH WILL ADDRESS A VARIETY OF
QUESTIONS

- WHAT NUCLEAR PIN TRANSIENT 1S EQUIVALENT
TO A SPECIFIED ELECTRIC PIN TRANSIENT?

—~ HOW CLOSE WAS THE ELECTRIC PIN TRANSIENT TO
A CONCEIVABLE NUCLEAR PiN TRANSIENT?

— HOW DOES THE ELECTRIC PIN'S THERNMAL RESPONSE
TO THE HYDRAULIC TRANSIENT COMPARE WITH THE
THERMAL RESPONSE OF A NUCLEAR PIN TO A
SIMILAR HYDRAULIC TRANSIENT?

b
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ORNL

OPTIONS AVAILABLE IN PINSIM-MOD1 ALLOW THE USER TO
GENERATE RESULTS WHICH WILL ADDRESS A VARIETY OF

QUESTIONS

— WHAT NUCLEAR PIN TRANSIENT IS EQUIVALENT
TO A SPECIFIED ELECTRIC PIN TRANSIENT?

—~ HOW CLOSE WAS THE ELECTRIC PIN TRANSIENT TO
A CONCEIVABLE NUCLEAR PIN TRANSIENT?

— HOW DOES THE ELECTRIC PIN'S THERMAL RESPONSE
TO THE HYDRAULIC TRANSIENT COMPARE WITH THE
THERMAL RESPONSE OF A MUCLEAR PIN TO A
SIMILAR HYDRAULIC TRANSIENT?

CHIT 110
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ORNL

OFTIONS AVAILABLE N PINSIM-MOD1 ALLOW THE USER TO
GENERATE RESULTS WHICH WILL ADDRESS A VARIETY OF
QUESTIONS

— WHAT NUCLEAR PiN TRANSIENT IS EQUIVALENT
TO A SPECIFIED ELECTRIC PIN TRANSIENT?

—~ HOW CLOSE WAS THE ELECTRIC PIN TRANSIENT TO
A CONCEIVABLE NUCLEAR PIN TRANSIENT?

~ HOW DOES THE ELECTRIC PIN'S THERMAL RESPONSE
TO THE HYDRAULIC TRANSIENT COMPARE WITH THE
THERMAL RESPONSE OF A NUCLEAR PIN TO A
SIMILAR HYDRAULIC TRANSIENT?

AT 110

a
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UNION
CARBIDE

RNt EQUIVALENT NUCLEAR PINS TRANSIENT PROBLEM

OBJECTIVE: DETERMINE THE NUCLEAR PIN TRANSIENT
EQUIVALENT TO THE ELECTRIC PIN
TRANSIENT OF THTF TEST 105, AXIAL
LEVEL F

PIN MODEL: |DEALIZED NUCLEAR PIN SIMILAR TO THAT
DESCRIBED IN THE WESTINGHOUSE
RESAR-1 AT B.O.L.

BOUNDARY  REPRESENTATIVE SURFACE TEMPERATURE

CONDITIONS: AND SURFACE HEAT FLUX TRANSIENTS,
DETERMINED BY THE ORINC CODE, FOR
AXIAL LEVEL F IN THTF TEST 105

105 Y%,
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UNION
CARBIDE
ORNL

EQUIVALENT TRANSIENT PROBLEM
MODULAR REPRESENTATION

ELECTRIC ELECTRIC
PIN SURFACE PIN SURFACE
TEMPERATURE HEAT FLUX

TRANSIENT TRANSIENT

NUCLEAR
PIN MODEL
EQUIVALENT EQUIVALENT
NUCLEAR NUCLEAR PIN
SYSTEM POWER THERMAL
TRANSIENT RESPONSE
{INTERNAL
NUCLEAR PIN

TEMPE RATURES)

14
T 99.6% - - A
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CARBIDE

ORNVL=U0 G Ta-tores

TEST 105 ELECTRIC PIN SURFACE HEAT
FLUX, AXIAL LEVEL F

ORNL
ELLCTRIC ELECTRIC
FIN SURFACE PIN SURFACE
TEMPERATURE HEAT FLUX
TRANSIENT TRANSIENT
'd

NUCLEAR
FIN MODEL

EQUIVALENT
NUCLEAR
SYSTEM POWER
TRANSIENT

EQUIVALENY
NUCLEAR PIN
THERMAL
RESPONSE

!

(INTERNAL
NUCLEAR PIN

TEMPERATURES)

SURFACE HEAT FLUX (BIU/SEC-FT2)
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UNION
CARBIDE |

"™ TEST 105 ELECTRIC PIN SURFACE TEMPERATURE,
AXIAL LEVEL F
ELECTRIC LLECTRIC 1500 1
TR || e

/ 1300 B e SN
)

T /
=~ t :
NUCLEAR b a/ 394.1
PIN VODEL S 1100 )
‘ 2 /1] =
< i s
< i
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UNION
CARBIDE
ORNL

TEST 105 EGUIVALENT TRANSIENT NUCLEAR PIN
TEMPERATURE DISTRIBUTIONS (AXIAL LEVEL F)
CALCULATED BY PINSIM-MOD1

3500 ‘ ! ( ‘ ; ’ ‘
; | ! ! i % | F 2048.2
§ N W - : ' '
e e \ PIN CENTERLINE
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S o
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: TIME (SEC)
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ORNMLr=ST 1056 EQUIVALENT NUCLEAR SYSTEM POWER
TRANSIENT (AXIAL LEVEL F), DETERMINED

BY PINSIM-MOD1

A
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UNION
CARBIDE

ORNL

TEST 105 EQUIVALENT NUCLEAR SYSTEM POWER (AX!AL LEVEL F),
DETERMINED BY PINSIM-MOD1

INTEGRATE -5MOOTH-DIFFERENTIATE (1SD) SCHEME

EQU/VALENT NUCLEAR 4
PONEH THANSIENT (x 10 )

T 8

INTEGRATION

Y

INTEGRATED 4 +—=
NUCLEAR POWLR

{

WEIGHTING
FACTORS

Y

ANTECRATED THANS
NGCLEAR POWER

TRAKNSLATED NUCLEAR
POWER TRANSIENT

POWER (MW)

TIME (SEC)
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UNION
CARBIDE

ORNL

A "TRANSLATED’ NUCLEAR SYSTEM POWER TRANSIENT FOR
THTF TEST 105, AXIAL LEVEL F

INTEGRATE-SMOOTH -DIFFERENTIATE {ISD) SCHEME

FCWALENT NOCLEAR . (X 104)
POWE R TIRANSIONT

1

1STEGRATED
NUCLEAHTOWER

WG TING
i ACTORS

POWER (MW)

+

3

N
/s A ENWAT
VAR IS

{
i |

4 5 6 7 8 9 10
TIME (SEC)

TRAMNOLATED NUCLEAR
PCAER TRANSIENT
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UNION
CARSBIDE
ORNL

THE UNFILTERED EQUIVALENT NUCLEAR POWER
TRANSIENT DETERMINED BY PINSiV-1i0D1

ix 10%)
8

DIGITAL FILTERING SCHEME

EQUIVALENT v
NUCLEAR POWER m
TRANSIENT “

POWER (MW}
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WEIGHTING
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[ RS
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TIME (SEC)
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ORNL

ORNL-Dv.

NUCLEAR POWER TRANSIENT, FOR VARIOUS
WEIGHTING FACTORS

DIGITAL FILTERING SCHEME

EQUIVALENT
NUCLEAR POWER
TRANSIENT

LOW-PASS

WEIGHTING

oIGITAL FACTORS

FILTER

FILTERED
NUCLEAR POWER
TRANSIENT

4%

<

12

H

POWER (MW)
o

~4 4
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/8--19736

I

RESULTS OF DIGITAL FILTERING OF EQUIVALENT
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ORNL

OPTIONS AVAILABLE IN PINSIM-MOD1 ALLOW THE USER TO
GENERATE RESULTS WHICH WILL ADDRESS A VARIETY OF
QUESTIONS

~ WHAT NUCLEAR PIN TRANSIENT IS EQUIVALENT
. TO A SPECIFIED ELECTRIC PIN TRANSIENT?

~ HOW CLOSE WAS THE ELECTRIC PIN TRANSIENT TQ
A CONCEIVABLE NUCLEAR PIN TRANSIENT?

— HOW DOES THE ELECTRIC PIN'S THERMAL RESPONSE
TO THE HYDRAULIC TRANSIENT COMPARE WITH THE
THERMAL RESPONSE OF A NUCLEAR PIN TO A
SIMILAR HYDRAULIC TRANSIENT?

1=

Q%
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CARBIDE

ORNL

“CORRESPONDING TYPICAL” TRANSIENT PROBLEM

ORNL-DWG 78-19737

MODULAR REPRESENTATION

(3.5 %

ELECTRIC
PIN SURFACE
TEMPERATURE
TRANSIENT

TYPICAL
NUCLEAR
SYSTEM POWER
DECAY CURVE

N\

/

}

“CORRESPONDING
TYPICAL" NUCLEAR
PIN SURFACE
HEAT FLUX

"“CORRESPONDING
TYPICAL"” NUCLEAR
PIN THERMAL
RESPONSE

(INTERNAL
NUCLEAR PIN
TEMPERATURES)
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ORNL

NUCLEAR SYSTEM POWER DECAY CURVE USED TO

ya 76-18738

e s

DETERMINE THE “CORRESPONDING TYPICAL"

NUCLEAR PIN TRANSIENT

ELECTRIC
PIN GURFACE
TEAWERATURE

THRANSIENT

TYiiCAL
MNUCLEAR
SYSTEN POWER
DECAY CURVE

FINSIN RMODT
FCMODULE)Y

/

SORRLSPECNDONG
Ty MICALT KUCLEAR
PN SURFACE
HE AT FLUX

CCARPLSTONDING
TYPiCAaL” NUCLEAR
PiIN THERNAL
RISTONSE

1]
GRTEANAL
SUCLEAR PN
TEMPERATURES)

POWER {MW)
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TEST 105 ELECTRIC PIN SURFACE TEMPERATURE,

1500

ORNL
AXIAL LEVEL F
ELECTRIC TyPicaL
PN SUHFACE NUCLEAR
iRE SYSTEM POWER
r DECAY CuiVE

*ODULE)

HEAT #LUX

TEMPERATURE (OF}
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900 1

4
TIME (SEC)
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£88.7

TEMPERATURE (K)
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ORNL

ORANL-DWG 78-15740

A COMPARISON OF THE ACTUAL ELECTRIC PIN SURFACE

HEAT FLUX TRANSIENT IN TEST 105 (AXIAL LEVEL F)
AND THE "CORRESPONDING TYPICAL" NUCLEAR PIN
SURFACE HEAT FLUX TRANSIENT

ELECTRIC TYPICAL 120 éﬂ.,]
PIN SURFACE NUCLEAR —_ i
TEMPERATURE SYSTEM POWER A 4
TRANSIEAT DECAY CURVE w ! }
o &0 | Y .
i ~ /ELECTRIC PIN A
5 : #—SURFACE HEAT FLUX— BV
g Ll L
4 H r 5 e i
PINSIM-AOD1 x N \Q,\ Y
(FC MODULE) 2 i “ it T S
. : N "W
- R i e
% SO /
» T o
- v S u ; "CORRESPONDING TYPICAL"
"CORRLSPQRDING CORNESFUNDING o ¥R
TYPICAL” NUCLEAR TYPICAL” NUCLEAR < o A NUCLEAR PIN SURFACE
PIN SURFACE PIn THERMAL = Y HEAT FLUX
HEAT FLUX RESPONSE 2 R
) (%2
\
{INTERNAL 80
NUCLEAR PIN 0 2 a 6 8 10
TEMPERATURES) TIME (SEC)

R 6O Lo

../',."r’ T
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UNION
CARBIDE

ORNL

OPTIONS AVAILABLE IN PINSIM-MOD1 ALLOW THE USER TO
GENERATE RESULTS WHICH WiLL ADDRESS A VARIETY OF
QUESTIONS

— WHAT NUCLEAR PIN TRANSIENT IS EQUIVALENT
TO A SPECIFIED ELECTRIC PIN TRANSIENT?

~ HOW CLOSE WAS THE ELECTRIC PIN TRANSIENT TO
A CONCEIVABLE NUCLEAR PIN TRANSIENT?

— HOW DOES THE ELECTRIC PIN'S THERMAL RESPONSE
TO THE HYDRAULIC TRANSIENT COMPARE WITH THE
THERMAL RESPONSE OF A NUCLEAR PIN TO A
SIMILAR HYDRAULIC TRANSIENT?

(109,
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ORNL
THE PIN/CHANNEL SIMULATION SAMPLE PROBLEM WAS

A PINSIM-MOD1 PREDICTION OF THE RESPONSE OF AN
IDEALIZED NUCLEAR PIN AND ITS ASSOCIATED
COOLANT CHANNEL TO A HYDRAULIC

TRANSIENT SIMILAR TO THAT OF

THTF TEST 105

THTF COOLANT TYPICAL
CHANNEL NUCLEAR
BOUNDARY SYSTEM POV/ER
CONDITIONS DECAY TABLE

THTF COOLANT NUCLEAR
- 1 )g———em
CHANNEL MODEL PINSIM-MOD PIN MODEL
TRANSIENT TRANSIENT
COOLANT CHANNEL NUCLEAR PIN
LOCAL FLUID THERMAL
CONDITIONS RESPONSE

o1%
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o A CORRESPONDING ELECTRIC PIN PROBLEM
WOULD USE AN ELECTRIC PIN MODEL
AND THE TEST 105 ELECTRIC
POWER DECAY CURVE

THTE COOLANT TEST 105
CHANNEL ELECTRIC
BOUNDARY SYSTEM POWER

DECAY TABLE

g

CONDITIONS

THTF COOLANT ELECTRIC
CHANNEL MODEL PIN MODEL
TRANSIENT TRANSIENT
COOLANT CHANNEL ELECTRIC PIN
L.OCAL FLUID THERMAL
CONDITIONS RESPONSE

RUAS
W g

7252




NL ELECTRIC PIN/CHANNEL SIMULATION
PROBLEM MODELS

RELATIVE POWER
—e

MgO REGION
INCONEL HEATER
BN, REGION
INNER SS SHEATH

GAS GAP
OUTER SS SHEATH

CHANNEL 1
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4
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Y
4
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¥
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¥
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¥
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¥
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v
i
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¥
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¥
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X

N1 1.5

CHANNEL 1
INLET
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O COMPARISONS OF PINSIM~MOD1 PREDICTIONS ALLOW THE
THERMAL RESPONSES OF A NUCLEAR PIN MODEL AND
AN ELECTRIC PIN MODEL TO BE CONTRASTED

NUCLEAR PIN/CHANNEL MODEL ELECTRIC PIN/CHANNEL MODEL
CHANNEL 1 CHANNEL 1
ouTLET QUTLET
RELATIVE PUWLR RELATIVE POWER
I FEET
t
NI 15
y
[}
N10 1.125
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3
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)
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3 1 m 1.5 2 = il Nt 15
° | 5 IR 11}
i ‘ e blnd 1
/ id f Mo negion - A f I
FUEL - — / INCONCL HEATER -~ [ 7
GAS GAP - CHARSEL Y Bt REGION CHANNEL 1
CLAD - rmemme S LR INNER 55 SHEATH INLET

GAS GAP -
GUTER SS SHEATH —w=———
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50020 ) % !"4\/ y U‘Zn
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oN
A
3

AT AN AXIAL LEVEL BELOW THE MIDPOINT OF THE PIN, PINSIM-MOD1 -

PREDICTS A MORE RAPID SURFACE TEMPERATURE RISE FOR THE
ELECTRIC PIN MODEL THAN FOR THE NUCLEAR PIN MODEL,
WITH ESSENTIALLY IDENTICAL TIMES TO CHF

- : 850
& : tgoo ¥
w A w
5 ; ~N~ELECTRIC ‘ <
2 I R B T L
£ 800 T | PIN SURFACE ! 750
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e 1 3 STNUCLEARPIN _| Ly 7 s
{ ¢! | SURFACE | EXNEP™
700 ,;,,_j i~ TEMPERATURE" ; ; S
; ; : ! ‘ { i i ©
pa ; : : : i 1 1
9% S O I .
0 1 3 4 s 8 7 8 9 10
TIME {SEC) :
H
R
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CARBIDE
ORNL
AT AN AXIAL LEVEL BELOW THE MIDPOINT OF THE PIN, PINSIM-MOD1
PREDICTS NEARLY IDENTICAL SURFACE HEAT FLUX TRANSIENTS

FOR THE ELECTRIC AND NUCLEAR PIN MODELS

I
| CHAmSEL Y
L(:\;H.H
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UNION
CARBIDE

RN AT AN AXIAL LEVEL NEAR THE MIDPOINT OF THE PIN, PINSIM-MOD1

CALCULATIONS INDICATE DIFFERENT SURFACE TEMPERATURE
TRANSIENTS FOR THE ELECTRIC AND NUCLEAR PIN MODELS

Carmit q
L QUTLET
RELAT:\VE FOWER TTTRYTTT
e e H FRET
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AT AN AXIAL LEVEL NEAR THE MIDPOINT OF THE PIN, PINSIM-MOD1
CALCULATIONS INDICATE DIFFERENT SURFACE TEMPERATURE

TRANSIENTS FOR THE ELECTRIC AND NUCLEAR PIN MODELS

J——
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I outLey
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ORNL AT AN AXIAL LEVEL NEAR THE MIDPOINT OF THE PIN, PINSIM-MOD1
PREDICTS SIMILAR SURFACE HEAT FLUX TRANSIENTS FOR
THE ELECTRIC AND NUCLEAR PIN MODELS
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"' AT AN AXIAL LEVEL ABOVE THE MIDPOINT OF THE PIN, PINSIM-MOD1
PREDICTS A LATER TIME TO CHF FOR THE NUCLEAR PIN
MODEL THAN FOR THE ELECTRIC PIN MODEL
RELATIVE FOWER EE)E)—E‘E;E]
T - 1150 | — : -
T T
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= o 1 TR "
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CARBIDE
RN
© LAT AN AXIAL LEVEL ABOVE THE MIDPOINT OF THE PIN, PINSIM-MOD1
PREDICTS SIMILAR POST-CHF HEAT FLUX TRANSIENTS FOR THE

ELECTRIC AND NUCLEAR PIN MODELS
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ORNL
DEVELOPMENTAL WORK IS PROCEEDING
IN SEVERAL AREAS

— NUCLEAR FUEL PIN MECHANICAL BEHAVIOR
— BACK~CALCULATION FROM FLUID CONDITIONS

— TRANSIENT AXIAL POWER DISTRIBUTIONS




