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Transient Behavior of Pressure and Wall Téemperature in Water Ilow

in a Tube under Flow Reduction Conditions
( Transient flow boiling experiments at an atmospheric pressure (III) )

Toshiyuki KUROYANAGI and Takamichi IWAMURA
Division of Reactor Safety,
Tokai Research Establishment, JAERI
{ Received October 31, 1977 )

Flow reduction transient boiling phenomena have been studied
in vertical up-flow of water in a tube under an atmospheric
pressure to provide information on the transient thermal-
hydraulic behavior of a LWR core during Power Cooling Mismatch
( PCM )} conditions.

The electrically heated test section was stainless steel tube
8 mm in diameter and 800 mm long.

Experiment was conducted under the conditions:

30 ~ 80 C

0.54 - 1.1 x 10%® kcal/lm?,
3.6 ~ 8.4 x10°% kg/hm?, and
0.05~ 62 sec.

1l

inlet water temperature
heat flux

initial masg velocity

il

flow reduction time

According to the observed behavior of the pressure and
wall temperature, the flow reduction transient boiling
phenomena are similar to those in the steady-state boiling at
flow reduction rates below about 10cm/sec/sec under the ranges of

experimental conditions.

Keywords: Two—phase Flow, Flow Boiling, Transient Flow,
Power Cooling Mismatch, Reactor Safety, Heat Transfer,

Flow Reduction.
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i m OR
NOMENCLATURE

cross-section area {m?)

thermal diffusivity (m’ /h)

L dv
R W
specific heat at constant pressure (kcal /KgeU)

dimenstonless velocity change rate =

= diameter (m)

= mass velocity (K& secm’ or K§/ hm®)

dimensionless mass velocity
q;PL
dimensionless enthalpy = (h—hjy )~/ (——)

Alv;
enthalpy (kcat-kg)
constant., used in eq 7BbH~—T7)
thermal conductivity (kcal~-mh T)
heated length (cm or m)
boiling length (cm or m?
pressure (K€ cf)
perimeter (m)
heat generation rate (W.'cm)
heat flux ( kcal/hnf )
slip ratio
temperature (mV or T)
time {sec)
normarized velocity = v(T) vj
velocity (em/sec or m-sec)
flow reduction rate (em-“sec-sec)
flow rate (£./mn)
bulk quality

axial distance (em)

Subscripts

boiling boundary

constant., used in eq. (B5—8)
constant. used in Fig- B—3
final

initial

inlet

—38 —
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liquid
outlet
steady state
saturation

vapor

Greek tetters

void fraction

constant, used in the function of u(T)
thickness (mm or #)

dimensionless height = Z 7L

latent heat of evaporation (kcal-Kg)
density ratio = 0y 0¢

density (kg/m*)

dimensionless time = tvi/L

constant ., used in eq-. (B1-3")
normarized flux = q (u. T) Zq;

constant, used in the function of G
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A1 v ) X 1TEREH-ES

Flow Reduction Experiment

Run Heat Flux Inlet Flow Change Flow Flow
Temperature Transient Reduction
Time Rate
(kcal/hm ) (°c) (1/min) (sec) {(1/min/sec)
x108
12/14- 3 0.717 30 6.0-1.8 0.05 84
12/14- 5 0.717 30 65.0-1.1 0.25 20
12/14- 9 0,717 30 6.0-1.6 0.5 B.8
12/14-11 0.727 30 6.0-1.6 1.0 4.4
12/14-12 0.727 30 6.0-1.4 3.0 1.5
12/14-17 0.727 30 6.0-1.3 4.0 1.2
12/14-16 0.727 30 6.0-1.4 7.0 0.66
12/14-19 0.727 30 6.0-1.5 12 0.38
12/14-20 6.727 30 6.0-1.5 15 0.30
12/14- 6 0.717 30 6.0-1.6 0.5 8.8
12/14-14 0.727 30 6.0-1.6 2. 1.8
12/14-18 G.727 30 6.0-1.5 8.0 0.56
12/14— 1 0.717 30 6.0-1.4 12 0.38
12/11- 6 0.703 30 6.0-1.1 0.5 9.8
12/11- 4 0.703 30 6.0-1.8 5.0 0.84
12/11- 1 0.702 30 65.0-2.0 7.0 0.57
12/11- 9 0.703 30 6.0-1.1 9.0 0.54
12/23-5 1.01 230 6.0-1.5 0.1 45
12/23- 4 1.01 30 6.0~-1.5 1.0 4.5
12/23- 3 1.01 30 6.0~1.5 7.0 .64
12/23- 1 1.01 30 5.9-1.4 9.5 0.48
12/23- 2 1.01 30 6.0-1.5 15 0.30
12/23-12  1.01 30 5.0-1.4  0.05 72
12/23-10 1.01 30 5.0-1.4 1.0 3.6
12/23- 8 1.01 30 5.0-1.5 3.5 1.0
12/23- 7 1.01 30 5,0-1.5 0 0.5
12/23- 6 1.01 30 5.0-1.5 12 0.29

\
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FA1F &1
. Run Heat Flux Inlet Flow Change Flow Flow
Temperature Transient Reduction
Time Rate
(kcal/bm?) (°C) (1/min) (sec) (1/min/sec)
XlDG . :
12/23-13  1.01 30 4.0-1.4 0.05 52
12-23-14  1.01 30 4.0-1.4 0.1 26
12/23-15  1.01 30 4.0-1.4 1.0 2.6
12/23-16  1.01 30 4.0-1.4 2.5 1.0
12/23-17 1.0l 30 4.0-1.4 5.0 0.52
12/15-12  0.706 30 2.5-1.5 10 0.10
12/15-12  0.706 30 3,0-1.5 12 0.12
12/15- 9 0.706 30 4.0-1.6 10 0.24
| 12/15- 8 0.706 30 4.0-1.5 3.0 0.83
| 12/15- 3 0.706 30 5.0-1.3 3.0 1.2
| 12/13- 5 0.719 30 7.0-2.1 0.1 49
| 12/11-16  0.703 30 6.0-2.0 0.1 40
12/15- 5 0.706 30 5.0-1.6 0.1 34
12/15- 6 0.706 30 4.0-1.5 0.1 25
12/14-13  0.727 31 6.0-1.6 1.0 4.4
12/15- 4  0.706 30 5.0-1.6 1.0 3.4
1 12/15- 7 0.706 30 4.0-1.5 1.0 2.5
| 12/15-11  0.706 30 3.0-1.5 0.7 2.1
7/13-29  1.06 50 3.9-2.4 0.05 30
7/13-27  1.06 50 3.8-1.9 0.05 38
7/13-25  1.06 50 4.0-1.4 0.05 52
7/13-23  1.06 50 4.0-1.2 0.05 56
6/30-47  1.07 51 3,0-1.5 0.05 36
6/29-31  1.08 52 3.5-1.3 2.0 1
6/29-35 1.08 52 4.0-2.0 5. 0.4
7/13-31  0.732 50 4.0-2.5 0.05 30
7/13-33 0,727 50 4.0-2.0 0.05 40
7/13-35  0.731 50 3.9-1.5 0.05 48
7/13-37  0.732 50 3.9-0.9 0.05 60
6/30-31  0.734 52 4.0-2.0 0.05 40
6/30-35  0.734 46 3.0-1.8 0.05 24
6/29-41  0.710 52 3.8-1.5 2. 1.2
6/29-37  0.710 52 2.7-1.4 2. 0.65
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FA 1L & 2

Run Heat Flux Inlet Flow Change Flow Flow
Temperature Transient Reduction
Time Rate
(kcal/hm?) (°C) {1/min) (sec) {1/min/sec)
x108
7/13-11 0.726 80 4.1-2.5 0.05 32
7/13- 9 0.726 80 4.1-2.0 0.05 42
7/13- 7 0.726 80 4.1-1.8 0.05 46
7/13- 5 0.728 80 4.1-1.4 0.05 54
7/13- 1 0.732 80 4,0-1.3 0.05 54
7/13- 3 0.728 80 4.0-1.1 0.05 58
6/29- 9 0.745 80 4,0-1.7 2. 1.2
6/29-13  0.745 82 4.4-2.6 4. 0.45
7/13-13 1.07 80 4,0-2.9 0.05 22
7/13-15  1.05 80 4.0-2.6 0.05 28
7/13-17 1.04 80 4.0-2.0 0.05 40
7/13-19 1.04 80 4.2-1.6 0.05 52
7/13-21  1.04 80 4,2-1.4 0.05 56
6/29-21 1.02 78 4.5-1.2 3.0 1.1
6/29-23  1.04 77 4.0-2.1 4.0 0.48
6/29-25 1.04 76 4.0-2.1 7.0 0.27
Flow QOscillation Experiment
Run  Heat Flux Inlet Flow Period
Temperature Oscillation
Range
(kcal[hmz) (°C) (1/min) (sec)
*x10°

6/24-15 0.750 28 4.8-0.6 0.6
6/24-23  0.750 27 3.5-0.5 1.4
6/24-11 0.750 27 4.7-1.1 2.5
6/24-13  0.750 28 4,0-1.0 3.3
6/24-35 1.09 27 4.4-0.5 0.63
6/24-33  1.09 25 3.3-0.9 2.5
6/29-17  0.753 81 4,7-1.0 1.0
6/29-15 0,753 81 b.b4~1.7 2.5
6/29-27  1.04 79 4.0-0.9 1.0
€/29-29 1.04 82 3.7-1.0 5.0
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FA2 v —X2ERBREHE—FR
a Tin fﬁlfeot::lction :i'::sient l:tle(:;:cﬁ on Steady State ::Eiy iiitih
Run M (tcal.lo,;’lnnz) o | trom to |time - Exit Quality (fm) ®
(I ./min) | (gec) C sec./sec| X | Xgf L g Lipg

520608 4 0.71 30 | 60— 1.0 53.0 313 | =-0057 | 0285 | -623 | 515

5 ” A 146 114 e ” ” P
|

6 ” wo|w e 885 187 P p ” "
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8 ” o lw 2.15 77.1 ” ” ” ”
9 " v | w o 1.38 120 ” % ” ”
10 ” » |64 10O 1.07 167 -0062 ” -718 ”

11 " » |60 15 0.06 2490 -0057 | 0138 | -623 374

12 ” » |56 1.4 0.06 2320 -0052 | 0159 | -528 402

13 o » 168 10 .03 187 -0066 | 0285 | -813: 515
14 " » 160 10 1.88 88.2 ~0057 . -623 ”
15 ” » | 64 10 36 49.7 - 0062 ” -719 ”
16 ” #~ |59 10 6.5 25.0 0056 | -600 ”
17 ” » |58 1.0 10.2 15.6 -0055 | ~ -576 ~
18 " » |60 10 215 771 1-0057 | 0285 @ -623 w
19 ” »~ |58 10 62.4 255 1-0054 " -571 ”

20 " L 50 |60 10 275 603 |-0021 | 0318 & -230 574
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F2 130,
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Z ot b
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=%, K

U=BD0[ —p,r. _ K o B Hyy .8 (T—HB)]
+ . +—K)[e ztec s, (1-e F27B)e 72 e

x[eK(T“Tc) *9*‘62 (T"Tc)] (B5—-8)

¢) T, ZHg (\H>FETHUW T=Hp)
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ZEBBAIR, T by, oBFRIR, B5-2) RFARB BE-3) REBLTHOTEH A,

S = 1DHEA, aild>TDB5-5)RX, (B5-6)Rid, DToXHIBHILERTEXE, T=
0Ta=a, D& X

1T - |
o — m[l—{l—(l“b’)ai}e_l{r] (85“9)

THD, T=7, Ta=0D&x

1 o |
a= [1—& Kz Tﬂ] (B5—10)
1—-v

THbo

KB- 3213, kida) ~c) TORXDHBEFASKARTRLTH L, ORI, EH150kg A,
VIR AD 7 = 0.51CH D, HO7A ) T 480 1 0BETH-» T, HBETBEEDHEE
Re, KETHSNWa (7, T) ZROCTBL4-12) AhpoRoi 74V T 1 2EZBMTRLTH
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