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Nuclear Power Reactor
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(& 1) Classification of Flow Instabilities

Class Type Mechanism Characteristics
1. Static instabilities
1.1 Fundamental 1. Flow excursion JAP JdAP Flow undergoes a sudden, large
0G system a G ext

(or pure) static

instabilities

or Ledinegg
instability

2. Boiling

transition

1.2 Flow regime 1.Flow pattern

instability

1.3 Thermal
relaxation

instability

transition

" instability

2. Flow regime in-
duced instability

1. Bumping, geyse-

ring, or chugging

Ineffective removal of heat
from heated surface

‘Bubbly flow has higher AP
than that of siug flow for the
same void fraction
Periodic Ap in

regime

slug flow

Periodic adjustment of metas-
table condition, usually due to

lack of nucleation sites

amplitude excursion toa new,
stable operating condition
Wall temperature excursion
and flow oscillation

Cyclic flow pattern trans-

itions and flow rate variations

Possible excitation of system
at slug flow frequency
Periodic process of superheat
and violent evaporation with

possible expulsion and refilling

2. Dynamic instabilities

2. 1 Fundamental
(or pure )dynamic

instabilities

2. 2 Compound
dynamic in-

stabilities

1. Acoustic

oscillations

2. Density-wave

oscillations

. Condensation

induced instab-

ilities

. Thermal oscilla-

tion

. Nuclear-coupled

instability

. Parallel-chann-

el instability

Resonance of pressure waves

Delay and feedback effects in
relationship between flow
rate, density, and pressure
Condensation driven

instabilities

Interaction of variable heat
transfer coefficient w“/ijth flow
dynamics

Interaction of void reactivity
coupling with flow dynamics
and heat transfer
Interaction amongsmall numb-

er of parallel channels

High frequencies (10-100Hz)
related to time required for
pressure wave propagation in
system

Low frequencies ( ~1Hz)rela-
ted to transit time of a cont-
inuity wave

Lage impulsive(“water hamm-

er”) loads may result

Occurs in film boiling

Strong only for a small fuel
time constant and at low pre-
ssures

Various modes of flow redi-

stribution
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Class

Type'

Mechanism

Characteristics

2. 3 Compound dy-
namic insta-
bility as second-

ary phenomena

1. Pressure drop

oscillations

Flow excursion initiates dyna-
mic interaction between chann-

el and compressible volume

Very low frequency periodic

process (~0,1 Hz)

3. Nonlinear

effects

1. Subcritical
instabilities
2. Supercritical

instabilities

Nonlinear interaction reinfor-
ces nearby instability
Nonlinear interaction limits

growth

Sufficiently large disturbance
destabilizes linearly stable flow

Limit cycles

4. Multidimens-

ional effects

1. Wave-induced
instabilities

2. Plenum- voidage
instabilities

3. Subchannel

Two-dimensional disturbances
interacting
Three-dimensional disturb-
ances interacting

Transverse Ap fluctuation

Waves of particle motion swe-
ep apparatus (fluidized beds)
Regions of high void form and
propagate

Subchannel -to- subchannl in -

instabilities induces periodic transverse stability
flow fluctuations
5. Transient 1. Superimposed  Changing flow conditions Coast-down with superimpos-

effects

instability (dur-
ing system
transients)

2. Oscillatory
(loop) flow

excite instability

Imposed oscillation triggers or

delays existing instability mode

ed oscillations

Oscillations grow
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(£ 2) Assumptions and Models Improved in
the NUFREQ-N Code

Well-Known Assumptions
and Simplified Models

NUFREQ-N Model

Homogeneous Flow

Slip Flow

Neglect Heat Flux pertu-
rbation In Two~Phase
Region

Heat Flux Perturbation In
Two-Phase Region

Lumped parameter Heat-
ed Wall Dynamics
Model

Distributed Parameter
Heated Wall Dynamics
Model

No Spacers

Spacers Included

Neglect Subcooled
Boiling Region

Subcooled Boiling
Dynamics Included

Uniform Axial Heat
Flux Distribution

Discretized Non-Uniform
Heat Flux

Radially-Uniform Core
Inlet Flow Velocity

Perturbation

Distributed Core Inlet
Flow Velocity

Perturbation

Neutron Point Kinetics
Model

3-Dimensional Space/Ti-
me Dependent Neutron
Kinetics Model

(a&l3)> The Effect of Nonuniformity of Axial

Power Distribution (BWR/4)

© Uniform Heat Flux(q”=2.0 10° Bru/hr—
% Chopped Cosine Shaped Heat Flux

4 3ottom Peaked Heat Fhix

© Top Pesked Heat Flux
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(22l6) System Block Diagram for General
Space Kinetics Model

L]

Feilfs

SEFvoz

9 ke 3l Mo ® Ade e @
e 913 BEEFER, RFERS 7] 9
3 FIBETHERS So] VB 2 2M58
oA &% MBHMETHE ¥ Riufes HEoE
T NEFEEEEA FHSCH ol HEI} FH
o 2 FUEEEBEE-S 918 Laplace #
/A7y e R o]FA 3 2 M
B BAMT REMES —eAdB TR T
5(AP)1¢+5(AP)2¢— ........................... (2)
of fAASt Rkl FHEHER, 1+G(S)H(S)
=0F% Hlislted o] & Servo HMi*I(Hl, Nyquist
k) ol B sl R TS oo
ol o WM Tl B REE H
A== o] E g o8 HFEIF UF ®RE
Bolw ALES HlEFS mENA  Rkd
BREEE Sl EkA7 L Y e R EE
HEAZD . ZA EME = o M JE
YRS BK=o ok Bk 7P RumHU
#K 1B BT HES HASH] RARE EE
FE3] “NUFREQ-N""ol| A& 204 B u}
o] Aet4of o]el 3 REES PRI 9l
w3 FIBRE-EE Hol=Hg EHE
s ferol g HAY T BESH
JQ% sk Zefg W Rl w2 3kInH
EEHEAS EASL g,

I'FQS—IO‘\QI-JQ__m]o
¥

$

<1;EI7) Nyquist Plot for PT3 Checker
Board Analysis

<
=+
=

0.20

0.00

720 020

(=3
=3
=3

—0.60 —0.40 —0.20

—0.20
f“

—0.40

=0.60

o Point Kinetics (M =28, 82db)
% Radially Coupler (M =36, 53db)
4 3—D Coupled  (M=36. 98db)

—0.80

-1.60

L

mixnte 2 W e mEZIMEHCL WER
BB TRERS nAE PES o 2z 9
o HEd KR4 @isnd dd

(1) Reg— s HHAEHES R

2238 uskx] B2 W) W S
75 (#)—, ZelA cosine, Hol E53, H7t &
2ol o HES Jehi gk 2elA
RE ule} o] Wol B2 WAEs} A TR
Eae) 47t B2 pEsl b wEse 2
B #HARS o] SeEtRal BlHE 2
£ OB olelslA EHELC K T
o] —fEifie = #A S 4 Yot

(2) ADpBIERE o AR e #HR

ADEEE 7 et EsEmS Aol st
Winstel UGEBRMCl BABTE BmA7
MRS FHHEHRE BIMAA BHBTE
WA 22 224ol D BEAEE oS %
EH o,

ADMBZAES e S HET 4



R EEEF KESIAT A& HEn
of el AuFYPE F e ZEHR, &
e AEEIHRE 7HAl, o] FtHeldE AnA
BEES e 27 g (AT =29,7F)
aglol Ao} o] REHMEE B Fu Y}

(3) RS #hFE

a#5olA BEo] Rfiel Eiiol Himddel
uhel FIEMRET WSt whehA 2iHGEERS) B
B REBHRET BAgogs Rl
oS ZEH

4) P EER Dol 2 HR

27w a6l EE IkTH T
Wy Y Bk BN TERE BITS A3 Block
diagram-2 L &2 3KICHY 4E.Lol = REET
AT Je e BEs =) 2R 2 R

Blol whE 3kl kshEE Rl o4 KE

7} Heggslo] gich, EESHRRS X ETHE
o o)l FHEMo) ™ 2olA BE uig}
o] U (REFHy RS HHSs @R o
ERES TRy 8o ERT FieE
Fprol GIEs BERES o 4 ok,

V., ¥eo

RIS Z TEE BRL ANMEIRH S &
Lt B PES vlAL =8 2 ¥y
Zo] wl$ WSy wlRol o] HHKL EHS
EHTety) YalAE woh e we W FHEH
o] BABEEclol dr}, w3 MATHES IEHE
& PETRE W BoKHBE ASREH, Do-
ppler 5ol W KK BEE- KIEE Sol=
W w7 S i 28l 3KkTHY ShEL
ol ©he BEBE o TEERY e 9
3 BUEMENTE ol BIRE E-& i@ies]o]o} dit,

rr

(B E B
1. Ledinegg, M., “Instability of Flow During

Natural and Forced Circulation,”Die Wir-

10,

me, 61, 8(1938),

. Lahey, R. T, Jr. and G. Yadigaroglu, “NU -

FREQ, A Computer Program to Investigate
Thermo-Hydraulic Stability,” NEDO- 13344,
General Electric Company, (1973).

. Nylund, K. et al., “Hydraulic and Heat Trans-

fer Measurements on a Full Scale Simulated
36-Rod Marviken Fuel Element with Uniform
Heat Flux Distribution,” FRIGG-2, AB At-
omenergi (1968).

. Bergles, A. E,, P. Goldberg and J. S. Maul-

betsch; “Acoustic Oscillations in a High Pr-

_essure Single Channel Boiling System,” EU-

RATOM Report, Proc. Symp. on Two-Phase
Flow Dynamics, Eindhoven, 535550 (1967),

. Griffith, P., "Geysering in Liquid-Filled Li-

nes,” ASME Paper No. 62-HT-39 (1962).

. Veziroglu, T. N. and S. S. Lee, “Boiling-

Flow Instabilities in a Cross-Connected Pa-
rallel-Channel Upflow System,”ASME Paper
No. 71-HT-12 (1971),

. Cho, S. M. et, al., “Performance Changes of

a Soduim-Heated Steam Generator,” ASME
Paper 71-HT-15 (1971),

. Lahey, R, T., Jr. and D. A. Drew, “An Asse-

ssment of the Literature Related to I;WR
Instability Modes,” NUREG/CR-1414, Renss-
elaer Polyteéhnic Institute (1980),

. Lahey, R, T., Jr. and F. J. Moody, “The The-

rmal Hydraulics of a Boiling Water Nuclear
Reactor,” ANS (1977).

Dorf, R. C. “Modern Control Systems,” Addi-
son-Wesley Publishing Company (1974),



