JAERI-M
9834

HEAT LOSS AND FLUID LEAKAGE TESTS
OF THE ROSA-II FACILITY

December 1981

Mitsuhiro SUZUKI, Kanji TASAKA
and Masavoshi SHIBA

B = B F Hh & £ A
Japan Atomic Energy Research Institute



TARREM v i b id, HAME AR RN A i A L To s IFERSEHTY,

ATolia bz, HARET AR EMEREERAHR (T30 1LRMRRAHER
wikl) BT, BRLIL (28w, B Zoldsrc MEEARFIILES TR 7 —
(310 -11 KRBT R B AHL IR TG L REHM LB 20U - T
BT,

JALRT-M reporis are issued irregularly.
Inguiries abeot availabilivy of the reports should he addressed to Information Scetion, Division
of Technical Information, Japan Atomic Energy Research Instituie, Tokai-mura, Naka-gun,

Tharaki-ken 31811, Japan.

@ Japan Atomic Energy Resesrch Institare, 198_1
e TRFHAT HAB T AR RN
i JT]N vl B OHEI R

J S ————

o



JAERI-M 9834
Heat Loss and Fluid Leakage Tests of the ROSA-TI Facility
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The report presents characteristic test results about the steady
state heat loss, one of the inherent characteristics of the ROSA-TI test
facility. The steady state heat loss tests were conducted at five d4if-
ferent temperature conditions between 111°C and 290°C. Net heat loss
rates were obtained by estimating the electric power supplied to the
core, heat input from the recirculation pumps and steam leakage rate.
The heat loss characteristics have important contribution to analyses
of the ROSA-TI small break tests.

A following simple relation was obtained between the net heat loss
rate QHL(kJ/s) of the ROSA-II facility and the temperature difference
AT (°C) between the fluid temperature of the system and the room tem-

perature,
QHL = (.56 x AT.

And the steam leak flow at normal operating condition of the ROSA-TIL
test, (P = 7.2 MPa) was obtained as 8.9 x 10~3 kg/s and corresponding
steam leakage energy as 10.5 kJ/s. The heat input from the recirculation
pumps was indirectly estimated under a constant speed by assuming the

heat input was equal to the brake horce power of the pumps.

Keywords; BWR, LOCA, ROSA-TI Program, Integral Test Facility, Character-

istics Test, Heat Loss, Steam Leakage, Recirculation Pumps
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1. Introduction

The ROSA-II program is one of several water reactor research test
programs conducted by JAERI (Japan Atomic Energy Research Institute).
The ROSA-IIL facility(l) is an integral tést facility designed to simulate
a loss—of-coolant accident (LOCA) 0f a BWR/6 and to evaluate the effec-
tiveness of engineered safety features during a LOCA. The objectives of

the ROSA-TI program are:

(1) To provide LOCA experiment data required to assess and improve the
analytical codes,

(2) To identify and investigate any unexpected events or threshholds in
the response of the plant and/or the engineered safety features and

to develop the analytical models for them.

In order to meet these objectives, several characteristic tests or
performance tests have been performed for the ROSA-II test facility and
its components in addition to the integral tests. The characteristic
tests results are reported for the jet pump performance in normal and

(2)

reverse flow , the correlation between conduction probe signals and

(3)

liquid level or veoid fraction , and the single phase pump head charac-
teristics of the recirculation pumps(A).

Heat loss at the steady state of the ROSA-II facility is ome of the
important characteristics of the system, especially in the case of small
break LOCA tests and their analyses, because the heat loss rate becomes
comparable with heat generation rate in the core at long time after break.
The heat loss tests are conducted at constant fluid temperature by con-
trolling the electric power supplied to the core. In order to estimate
the net heat loss rate through the pressure boundary of the system, heat
input from the operating recirculation pumps (MRP-1 and 2) and energy
leakage rate due to steam leak flow must be estimated in addition to the
thermal output in the core. As the recirculation pumps MRP-1 and MRP-2
of the ROSA-TI facility are centrifugal non-seal type pumps {canned type},
the brake horse powers of the pumps can be given by subtracting the heat
removal rate at the motor part from the electric power supplied to the
motor. And the brake horse power is transformed into three components,
namely the hydraulic power, frictional power between the fluid and the
pump rotating parts and the heat loss through the pump casings to atmo-

sphere. The heat loss at the pump is a part of total heat loss in the
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system. Then the heat input from two recirculation pumps can be given

as two times of the brake horse power per one pump. To know accurately
the brake horse power, however, is not so easy because of rough measure-
ments of the cooling water flow rate and of very small temperature dif-
ference across the pump motor part. Therefore, the brake horse power of
the pump is estimated indirectly in the heat loss test by using the data
of the report of inspection test results on the ROSA-II facility(S),

where the brake horse power of the pump was estimated by using theoretical
pump efficiency as shown in chapter 4.

The steam leakage flow rate is observed by the water level change
in the pressure vessel. As the water level change ir each heat loss test
was very small, a steam leakage test with long test periods was planned
at the last phase of heat loss tests as shown in the section 3.2. The
heat leoss tests and the leakage test were performed on September 9 and
October 3, 1980.

Tn these calorimetric tests, achievement of thermal steady condition
in the system has important effects on the accuracy of the steady heat
loss rate. This effect is discussed in chapter 5 using a theoretical
solution of one-dimensional heat conduction in the case of sudden tem-

perature rise at one side of a thick flat plate with insulation condition

at the other side as shown in the appendix.

2. Test Facility and Test Procedures

2.1 The ROSA-TI Test Facility and Measurements

The ROSA-II facility is composed of the pressure vessel with inter-—
nals, two recirculation loops with two recirculation pumps (MRP-1 and
MRP-2) and other pipings for steam discharge lines, ECCS and feed water
systems, as shown in Fig. 2.1. Major design characteristics of the pres-
sure vessel, pipings and recirculation pumps are listed in Table 2.1.

The pressure vessel shown in Fig. 2.2 is devided into three parts,
the upper part above the elevation 4.412 m from the bottom of the vessel,
the main lower part and the bottom flange attéched with leading rods for
the electric heater rods in the core. Each part is tightly attached each
other by belts and nuts. Total weight of the pressure vessel with nozzles

but without internals is 1.26 x 10% kg. Inner surface area of the vessel
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system. Then the heat imput from two recirculation pumps can be given

as two times of the brake horse power per one pump. To know accurately
the brake horse power, however, 1s not so easy because of rough measure-
ments of the cooling water flow rate and of very small temperature dif-
ference across the pump motor part. Therefore, the brake horse power of
the pump is estimated indirectly in the heat loss test by using the data
of the report of inspection test results on the ROSA-TIT facility(s),

where the brake horse power of the pump was estimated by using theoretical
pump efficiency as shown in chapter 4.

The steam leakage flow rate is observed by the water level change
in the pressure vessel. As the water level change in each heat loss test
was very small, a steam leakage test with long test periocds was planned
at the last phase of heat loss tests as shown in the section 3.2. The
heat loss tests and the leakage test were performed on September 9 and
October 3, 1980,

In these calorimetric tests, achievement of thermal steady condition
in the system has impertant effects on the accuracy of the steady heat
loss rate. This effect is discussed in chapter 5 using a theoretical
solution of one-dimensional heat conductiocn in the case of sudden tem-

perature rise at one side of a thick flat plate with insulation condition

at the other side as shown in the appendix.

2. Test Facility and Test Procedures

2.1 The ROSA-IO Test Facllity and Measurcments

The ROSA-II facility is composed of the pressure vessel with inter-
nals, two recirculation loops with two recirculation pumps (MRP-1 and
MRP-2) and other pipings for steam discharge lines, ECCS and feed water
systems, as shown in Fig. 2.1. Major design characteristics of the pres-
sure vessel, pipings and recirculation pumps are listed in Table 2.1.

The pressure vessel shown in Fig. 2.2 is devided into three parts,

the upper part above the elevation 4.412 m from the bottom of the vessel,

the main lower part and the bottom flange attached with leading rods for
the electric heater rods in the core. Each part is tightly attached each
other by bolts and nuts. Total weight of the pressure vessel with nozzles

but without internals is 1.26 x 10" kg. Inner surface area of the vessel
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is 12.4 m? assuming no nozzles on the vessel. Metal volume of the pres-
sure vessel with nozzles can be determined as 1,61 m3, by using the
specific weight 7.82 x 10% kg/m® of the vessel made of stainless steel
(SUS 304). Average wall thickness of the vessel can be estimated as
0.13 x 107! m by dividing the metal volume by the inner surface area.
The outer surface of the vessel is covered with thermal insulator made
of glass wool except for the nozzles, flanges and the attachments for
supporting. The heat leaks primarily from the pressure vessel through
the un-insulated flanges, nozzles and attachments. Especially, the
bottom flange.with many leading rods of electrical heaters, the upper
two flanges connecting the upper part and the main part of the wvessel
may have a large contribution to the heat loss. The thermal insulator
around the pressure vessel has 0.1 m thickness and it is covered with
thin metal plate.

The pressure vessel contains the following internals which do nmot
contribute to the heat loss when the system is in the thermal steady
state. Major internals are steam separator, core shroud, filler blocks,
four simulated fuel assemblies in the core, guide tube and the intermal
pipings for ECCS and feed water. Most of these internals are made of
stainless steel (SUS 304) and have thickness (or diameter) less than
12.5 mm,

There are two recirculation loops in the ROSA-II facility. The
intact loop has two jet pumps JP-1 and 2 as shown in Fig. 2.3 installed
outside the pressure vessel and a recirculation pump MRP-1. Similarly,
the broken loop has two jet pumps JP-3 and 4, a recirculation pump MRP-2
and two break units. Main structural design values of the two loops are
shown in Table 2.2. Total lengths of the intact and broken loops are
31,5 m and 38.0 m, respectively. Total innef surface area of the two
recirculation loops was estimated as 11.3 m? assuming the jet pumps,
recirculation pumps and the Venturi flow meters as 2B pipings {Sch. 80},
jet pump discharge lines as 3B pipings (Sch. 80) and jet pump suction
lines as I%B pipings as shown in Table 2.2 for the sake of simplification.
Total weight of the two loops was estimated 6180 kg as the sum of the
weights of four jet pumps (SUS 304, 60 kg per one pump), two recircula-
tion pumps (SUS 304, 1600 kg per one pump) and all the pipings assuming
as 2B piping without flanges and nozzles. DMost part of the two loops
are covered with glass wool thermal insulator of 50 mm thickness except

for nozzles, flanges, recirculation pumps and break units. The thermal

_3._.



JAERI-M 9834

insulator is surrounded by thin metal covers.

In the heat loss tests and leakage test, two types of measurements
are used. One is the sﬁort time measurements (See Table 3.1) at each
steady test condition recorded by digital DATAC 2000B system and the
other one is the long time measurements of controlling system recorded
by pen-recorders including the heating-up process. Achievement of each

thermal steady conditiom is judged in the tests by the latter measuring

system.
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a) Comparison of Major Design Parameters

Primary Characteristics of the ROSA-HI Facility

: BWRE
BWRH{251/848) ROSA-TII Ratio(ﬁBEK:EEE)
Reactor Type BWR Simulated BWR
Number of
Recirc. Loops 2 2 1
Steam Lines 4 1 4
Jet Pumps 24 4 6
Separators 21z 1 212
Core Heat Generation Nuclear Fission Electric Beater
Total Power (kW) 3.80 x 10° < 4450 > 854
Active Fuel Length(m) 3.759 1.880 2
Number of Fuel
Assemblies 848 4 212
Total Volume(m3) 621 1.42 437
Operating Conditions
Pressure (MPa) 7.27 7.27
Core Flow(kg/s) 1.54 x 10“ < 3.64 > 424
Steam Flow(kg/s) 2.06 x 103 < 4.86 > 424
Recirc. Pump Flow
Rate per 1 Pump
(kg/s) 2.26 x 103 < 5.26 > 424
Feed Water Temp. (K) 489 489 1
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Table 2.1 (contimued)

b) Volume Distribution and Main Component Dimension

Item BWR6 (251/848) | ROSA-IIT Ratio(g%“g%:‘iﬁ)
Lower Plenum & Guide fubes m3 123 _ 0.177 695
Lower Plenum m3 79.0 0.112 705
Guide Tubes o’ 43.8 0.0651 673
Core w3 59.8 0.134 446
Core in Channels w3 35.4 0.0814 435
Core Bypass m3 24.4 0.0524 465
Upper Plenum & Steam
Separators m3 80.5 0.185 435
Upper Plenum m3 52.5 0.124 423
Steam Separators m3 28.0 0.0610 459
Steam Dome *1) w3 206 0.439 468
Downcomer *2) m? 123 0.233*3)} 528
Above Jet Pump Suction m3 74.2% 0.164%4) 452
Between Jet Pump Sucticn
and Recirculatiom
Qutlet a? 36.8% 0.0600*3) 613
Below Recirculation
Outlet o3 12.2 0.00900 1360
Recirculation Loops & Jet
Pumps o3 29.6 0.171%4) 173
Total Volume m3 621 1.421 - 437
Pressure Vessel Dimension
Inner Height m 22.3* 6.01 3.71
Inner Diameter m 6.38% 0.492%5) 13.0
Water Level m 14.1% 4,62 3.04
Jet Pump Suction Level m 8.28% 2.82 2.93
Lower Core End Level m 5,40% 1.60%6) 3.43
Recirculation Line Level m 3.88* 0.938 4.13
Recirculation Loop Pipe
Inner Diameter n 0.54 <0.0495

Note : * BWR 5
*]}above normal water level
*2ibelow normal water level
*3)include jet pump suction lines
*4inot include jet pump suction lines
*SYout diameter of lower downcomer
*6)bottom of active fuel
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Fig. 2.1 Schematic diagram of the ROSA-II test facility
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2.2 Test Procedures

The heat loss tests and leakage test are performed in the following
way. The heat loss tests are performed at five different saturated con-
ditions of fluid temperature 111°C through 290°C. A leakage test with
long test periods is performed at the highest temperature condition (290°C).

All the pipings connected to the ROSA-TI pressure vessel are closed
except the recirculation loops and those for measurements. Namely, the
included pure water in the pressure vessel and recirculation loops makes
a closed fluid system. The fluid in the system 1is heated up to the
desired temperature condition by supplying electric power to the simulated
fuel assembly in the core and.by working recirculation pumps MRP-1 and
MRP-2 at constant speed 209 rad/s (2000 rpm)}. The recirculation pumps
contribute to the tests not only by establishing the homogeneous fluid
conditions in the system but also by supplying heat input to the fluid.
After arriving at the desived saturated temperature condition, the fluid
system is maintained at the same temperature for about 30 minutes in
order to make thermal steady state. As the pressure measurement in the
steam dome is more accurate than the fluid temperature measurements, the
pressure is kept comnstant at each test condition. The electric power in
the core decreases to a certain value as the structural metals of the
system approach the thermal steady conditions. Each heat loss test is
performed after detecting the stable core electric power and the test
conditions ére recorded for 10 seconds in a magnetic tape by the DATAC
2000B system, such as fluid temperature, pressure, core electric power,
water level in the pressure vessel, pump speed and fluid flow rate.

One leakage test is conducted for an hour in the same way as the
heat loss tests. At the last phase of heat loss tests, the fluid system
is maintained for an hour at the constant pressure by controlling the
electric power in the core and the water level change is detected by the
differential pressure transducer. The steam discharge lines and other
pressure boundaries are watched whether fiuid leaks or not. Test conditions
in the leakage test are recorded by the same DATAC 2000B system as the

heat loss tests.
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3. Test Results

3.1 Net Heat Loss Rate of the ROSA-TII Facility

The heat loss tests were conducted at five different fluid tempera-
tures 111°C, 152°C, 197°C, 249°C, 288°C (290°C). The system pressure
range in the heat loss tests covers from 0.14 MPa to 7.24 MPa. The
heating-up process and each heat loss test time are shown in Fig. 3.1
and 3.2. These figures show steam dome temperature histories rocorded
by pen-recorder through the heat loss tests. It took more than 4 hours
for heating the fluid system from 100°C to 288°C (290°C). The heat loss
tests were conducted after holding periods at the constant fluid tempera-
tures. The holding periods were longer than 27 minutes., Major test
conditions of each heat loss test were recorded by DATAC 2000B system
as shown in Table 3.1.

There are four terms expressing the energy balance of the ROSA-II
facility in a thermal steady state, namely the heat generation rate in
the core (QC), the heat input rate from the operating recirculation pumps
(QB), the energy leakage rate due to steam leak flow through valves
and/or other connecting parts of the system (QL) and the net heat loss
rate_(QHL) through the whole outer surfaces of the system including the

recirculation pumps. The net heat less rate is given as

Qup = @+ % - Q, -
The test results of the heat loss tests are summarized in Table 3.2 and
Fig. 3.3 and 3.4. QB and QL in the heat loss test results are estimated
in chapter 4 and section 3.2. A simple relation between the net heat
loss rate QHL and temperature difference AT between an average fluid
temperature in the system Ty and the room temperature Ty has been obtained

as
Qur, = 0.56 x AT (kJ/s)
AT = Ty - Tp (°cy .

The average fluid temperature Ty in the system was obtained as a simple
average value of the steam dome temperature (T-3) and the fluid tempera-
ture at break unit (T-19) shown in Table 3.1. Figure 3.4 shows the

energy leakage rate QL is very small even at the highest saturation
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temperature condition., On the other hand, the heat inmput from the
recirculation pump QB contributes largely to heating the fluid, especially
in the low saturation temperature cenditions.

Figure 3.5 and 3.6 show the records of electric power supplied to
the core at each heat loss test., These figures show the heating-up pro-
cess and holding periods at each constant fluid temperature condition.
Thermal steady condition was judged at stable electric power and then

the heat loss test data were recorded.

3.2 Measurement of Steam Leakage Rate

Steam leakage rates in the heat loss tests and result of leakage
test are presented below. The amount of steam leakage was detected by
the water level change in the pressure vessel. In the heat loss tests,
the water level change was recorded by DATAC 2000B system for 10 seconds
and in all the heating-up and holding periods it was recorded by pen-
recorder in the ROSA-II controlling system. The water level change dur-
ing the holding period at each constant temperature condition are listed
in Table 3.3. Mass leakage rate (ﬁ) and corresponding energy leakage
rate (QL) was determined by using the volumetric change AV of the liquid

water as

=
1

AV x '/t

Qr = 8V x (y'a' -/t

where v' and y" are specific weights of saturated water and steam, h'
and h" are specific enthalpies of saturated water and steam and t is
holding period. The mass leakage rate and the energy leakage rate at
each holding period are also presented in the Table 3.3.

A leakage test was performed for one hour between the heat loss
tests Case 6 and Case 7 in the same way as the heat loss tests. Figure
3.7 shows the data in the leakage test. The water level in the pressure
vessel changed 118 mm in the DATAC 2000B recording system and it changed
114 mm in the pen-recorder of ROSA-TI controlling system (See Table 3.3).
This means that the indication of water level by the pen;recorder in-
cludes some error but the error is very small. The level change 118 mm
means volumetric change of 0,045 m3 as shown in Fig. 3.8. Test condi-

tions of the leakage test and estimated values of both mass leakage rate
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and corresponding energy leakage rate are summarized in Table 3.4 and
3.5, respectively. Figure 3.9 shows mass leakage rates and corresponding

energy leakage rates due to steam leak flow.
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Table 3.4  Test conditions of leakage test
Measurements Initial Final
State State
No Items Units t = OH =10
1 Steam Dome Pressure MPa 7.24 7.24
2 Steam Dome Temp. (T—B)(*) °C 290 291
3 Temp. at Break B (T-19) °C 288 288
4 Water Level in PV (WL-4) m 5.473 5.355
5 Supplied Power (W-2) kl/s 148 136
6 | Flow Rate at MRP-1 (F-27) m3/s 4.75x1073 .80x1073
7 | Flow Rate at MRP-2 (F-28) m?/s 4.67x1073 .70x1073
8 Pump Speed of MRP-1 (N-1) rad./s 213 214
9 Pump Speed of MRP-2 (N-2) rad./s 218 217
10 Room Temperature °C 16.5 15.8
11 | water Level in pv¢™™ m 5,473 5.359
(*) Measurement with (sign) were recorded by DATAC 2000B system(l).

(#%)} Data from the pen-recorder

Table 3.5 Mass and energy leakage rates
in the leakage test
Ttems } Units Values
Steam Dome Pressure MPa 7.24
Holding Periods S 3600
*
Water Level Change( ) m 1.18x107}
Volumetric Change AV m3 4,5x1072
Mass Leakage Rate M kg/s 8.9x1073
Energy Leakage Rate Q1. kI/s 10,5
(*) Datum by DATAC 2000B recording system
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Fig. 3.5 Electric power supplied to the core in the heating-up
and holding periods (Case 1, 3, 5)
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6.0L Recorded Data during Leakage Test —1300
4250
E; 5 5| , Water Level in PV
— _.\*L
{
1o
o 1200
o
i ~~
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D_‘ o
=
] —
= o
ES.O-
400k , Power Supplied to Core 50
2 N
3 .
4.5 ~100
Fluid Temperature at Steam Dome
300 //
= 50
4.0
200L 0

Time (min,)

Fig. 3.7 PV water level, steam dome temperature and power supplied to
the core during the leakage test

Power (kJ/s)
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PV Wall
700® 1.p | 55
AV = 0.045 (m3)
DL5473
¢ .
|DL5365.4
DL5355
DL
5143.4
I__." "II |
II Steam
Separator
Unit {mm)

Fig. 3.8 Internal structure of the pressure vessel at the
vicinity of water level in the leakage test
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Fig. 3.9 Mass and energy leakage rates
loss and leakage tests
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4, Estimation of Heat Input from the Pumps

Heat input from the operating recirculation pumps was not obtained
directly using the electric power supplied to the motor and carried
energy by the cooling water because of the inaccurate measurements of
flow rate and temperature difference of the cooling water passed through
the pump motor. The heat input from the operating pumps was estimated
indirectly as follows.

Brake horse power given to a pump from a motor QB changes to hydrau-
lic power QH and pump frictional power QF- A pump efficiency (np) is

given by

_éH/éB:

=
o
|

QB QH + QF

And the hydraulic power is expressed as
Qg = YQH / 102 (kJ/s)

where vy : specific weight (kgf/m3)
Q : volumetric flow rate (m3/s)

H : pump head (m).

All the hydraulic power QH becomes a heat input to the fluid in the
system. On the other hand, a part of the friction power QF generated
in the pump is transported to outside of the pump by heat conduction and
other part of it contributes to heat up the fluid in the system. The
heat loss through the pump outer surface, however, is a part of the whole
heat loss through all pressure boundary of the ROSA-II test facility.
Therefore, all brake horse power given to the pump can be regarded as
heat input to the fluid in the case of these heat loss tests.

The brake horse power(s) of the ROSA-TI recirculation pumps has been
determined by using a relation between the theoretical pump efficiency

Nth and the hydraulic power QH as
QB = QH/ Nth

The heat input from the operating recirculation pumps in the heat loss

and leakage tests was determined by using above pump data and by assuming
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a proportionality of the brake horse power as to fluid density in the
system. The heat input from the pumps at consta speed 213 rad./s
(2030 rpm), volumetric flow rate 4.33 X 10”2 m3/s (260 2/min) and arbi-

trary fluid specific weight y(kgflma) is given as
Op =2Qgpo * (v/vg)

where QBO: brake horse power per one pump at 25°C fluid
temperature

Yo ¢ specific weight of fluid at 25°C.

QBO was determined from Fig. 4.1(a) as 13 kJ/s per one pump. Figure 4.1(b)
and 4.2 show the brake horse power and the hydraulic power characteristics.
The heat input from the pumps at each heat loss tests and leakage test

are summarized in Table 4;1.



JAERI-M 9834

6T 6T 61 T2 £z v ¥4 s/ 4y 3Induy IBOH
¢l GeL AN A 708 898 816 166 cw/38% | ayBrep oTyTORdg PINTA
VTAN A AR %8¢ 9% T 9%°0 yARY e dn 2INSSAId dwWoJ WeDS
/ °@se) g 9S®D ¢ 9s8E) 4 9se) ¢ ase) ¢ °95®') T =2sB) SITU} swall
4} sdwund woTieBTNOITORA 242 wWoiy indul lesy T+ o1qEL



JAERI-M 9834

80
Brake Horse Power QB
70+
Qp = Qu/Mtn
60+ .
Qg * Hydraulic Power
. Q=7.50x1073 m3/s
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2 Efficiency
= s0f
Z
o0
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. 40 _
2 Q=4.33x10"3 m3/s
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30F
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Fig. 4.1(a) Brake horse power supplied to the MRP-1 pump with flow

parameter (Fluid Temperature 25 °C)
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Fig. 4.1(b) Brake horse power supplied to the MRP-1 pump
with pump speed parameter (Fluid Temperature 25 °c)
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Fig. 4.2 Hydraulic power of the MRP-1 pump



JAERI-M 9834
5. Discussions of Test Results

Thermal steady state in the heat loss tests and the leakage test,
and the average surface heat flux corresponding to the heat loss are

discussed in the present section.

(1) Approximation of the Thermal Steady State

For establishing the thermal steady state of the fluid system, the
thickness of the metal walls surrounding the coolant have a dominating
effect. Répresentative wall thickness of the recirculation loops and the
pressure vessel are 5.5 mm for the former pipings {2B, Sch 80}, 40 mm
for the downcomer wall, 130 mm for the average pressure vessel wall and
210 rm for the top part of the pressure vessel. As shown in Appendix A,
most of structural materials made of SUS 304 with one~side insulation
become thermally steady condition in one hour after stepwise temperature
change at the heating surface. Quasi-steady condition (difined as n
value more than 0.9 in Fig. A.3) can be established after 2.6 hours even
for the extreme thick walls such as the 210 mm walls. The similar thick
metal parts exist at the flanges connecting the upper and the lower main
part of the pressure vessel, the bottom flange of the pressure vessel
and the two recirculation pumps in the loops. Unsolved problems in the
discussions of thermally steady state exist in the imperfect iInsulation
conditions at the outer surfaces and in the sequential heating-up process
which is different from the stepside temperature increase at one side of
the wall., These are not estimated analytically but experimentally.

In the case of heat loss tests, it took more than & hours for heat-
ing up the fluid in the ROSA-II system from 100°C to 290°C and took more
than 27 minutes for confirming the thermal steady state by the stable
core heat generation before the data aquisition by DATAC 2000 B system.
Figures 3.5 and 3.6 show transient values of the electric power supplied
to the core. The fluid system was maintained at the constant pressure
during the holding period in each heat loss test. In the tests of Case
1, 2, 3 and 5, the core power maintained constant more than 8 minutes
before the data aquisition. It is considered empirically that stable
core power for 8 minutes shows establishment of approximate thermal
steady state condition in the system. In the tests of Case 4 and 6,
however, periods of stable core power are 4 and 3 minutes, respectively.

These periods are rather short comparing with those of other cases,
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The short holding period in the Case 6 caused higher core power than

that in the Case 7 conducted about one hour after the Case 6. Figure

3.7 shows that fluid condition in the Case 7 was nearly steady state.

The difference of core power between Case 6 and 7, 9 kJ/s (6% of net heat
loss rate at AT = 270°C), can be considered as a maximum error in the
hear loss tests. It is concluded that thermal steady condition was
approximately established in each heat loss test and that estimated net

heat loss rate may include a measuring errorx, 6%.

(2) Average surface heat flux due to the heat loss
Approximate inner surface areas of the pressure vessel and the

recirculation loops are 12.4 m? and 11.3 mz, respectively. Average
surface heat flux due to heat loss at the operating conditions of the
ROSA-II test (P = 7.3 MPa, Ty = 289°C) can be estimated for the following
cases.

(a) Heat releases only through the pressure vessel wall

(area + A = 12.4 m?)
(b) Heat release through the pressure vessel and the recirculation
loops walls (area : A = 23.7 m?)

The heat loss rate at the fluid condition is given from Fig. 3.3 by

assuming a room temperature 20°C as

Qqp, = 151 (kJ/s)

1.30 x 10° (kcal/hr) .

Therefore, the average surface heat fluxes (q) due to heat loss in two

cases are determined as

(a) q=Qy /A=12.2 ki/n®s

1.05 x 10% keca./m?-hr

1

(b) = 6.37 kJ/m?'s

fal
|

5.49 x 103 kecal/m?-hr
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6. Conclusions

The heat loss rates and the steam leakage rates at five different
fluid conditions of the ROSA-TI test faclility have been measured taking
into account the heat input from the operating recirculation pumps and

the energy leakage due to steam leak flow.

{(a) The net heat loss rate QHL in the ROSA-TI facility is proportional
to the temperature difference AT beftween the fluid temperature in

the system and the room temperature as
Qgp, = 0.56 x oT (k3/s)

where AT is in the unit of °C. Measurement error is included

about 6% of the net heat loss rate.

(b) The mass leakage rate M of the ROSA-TI test at pressure 7.24 MPa
was measured as 8.9 x 1073 kg/s, which corresponded to energy

leakage rate of 10.5 kJ/s.

(c) Contribution of heat input from the operating pumps to the heat
balance of the fluid system was fairly large comparing with the

effect of fluid leakage.

(d) Average heat fluxes (q) due to the heat loss through the pressure
boundary walls were estimated at the operating conditions of the

ROSA-TI test (P = 7.3 MPa, T = 289°C) as

1° ¢ = 12.2 kJ/m’+s : heat loss through only PV walls
2° g = 6.4 kJ/m?-s : heat loss through PV and loop walls.
Acknowledgment
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0. Conclusions

The heat loss rates and the steam leakage rates at five different
fluid conditions of the ROSA-TL test facility have been measured taking
into account the heat input from the operating recirculation pumps and

the energy leakage due to steam leak flow.

{(a) The net heat loss rate QHL in the ROSA-TI facility is proportional
to the temperature difference AT between the fluid temperature in

the system and the room temperature as
Qpp = 0.56 x 4T (kJ/s)

where AT is in the unit of °C. Measurement error ig included

about 6% of the net heat loss rate.

(b) The mass leakage rate M of the ROSA-TI test at pressure 7.24 MPa
was measured as 8.9 x 1073 kg/s, which corresponded to energy

leakage rate of 10,5 kJ/s.

(c) Contribution of heat input from the operating pumps to the heat
balance of the fluid system was fairly large comparing with the

effect of fluid leakage.

(d) Average heat fluxes (q) due to the heat loss through the pressure
boundary walls were estimated at the operating conditions of the

ROSA-TO test (P = 7.3 MPa, T = 289°C) as

1° q = 12.2 kJ/m?+s : heat loss through only PV walls
2° g = 6.4 kJ/m%+s : heat loss through PV and loop walls.
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Appendix A

Transient Temperature Profile in Thick Metal Walls

with One-side Insulation

One dimensional heat conduction problem is solved analytically to
clarify a time period necessary to arrive at thermal quasi-steady state
in the ROSA-III facility. As most of metal walls of the pressure vessel
and the recirculation pipings are surrounded by the insulator made of
glass wool, the metal walls are assumed to be insulated well. The
cylindrical walls of the pressure vessel are assumed to be flat plate.

A flat plate with thickness £ 1is assumed as shown in Fig. A.l. One
dimensional heat conduction problem in a flat plate with thickness %—and
with one—side insulation is equivalent to that problem with thickness L
and with the same thermal conditions on both surfaces. The plate is
initially maintained at constant temperature Ty (°C) and suddenly both
surfaces are heated up and maintained to a temperature T (°C). Basic
equation and analytical conditions for this case are shown as follows by
using non-dimensiconal temperature 8 = (Ty - T)/(T; - Tp) and a constant

thermal diffusivity K (n%/s),

38 329

2o g = (A. 1)
at ax2

and
p =1 at t =20 (A.2)
g8 =0 at x =0, 2. (A3

The equation (A.1) is solved easily by using a function of distance X(x)

and time Y{(t), namely
8 = X(x) xY(t) |, (A.4)

and differential equations for X(x) and Y(t) are given by using a
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Dimensionless Temperature:

T.-T
g = —

T T;-Tyg
Transfered Energy
per Unit Area:

T, 2

AT _
=0 cYJ'G (T,-T)dx
{Insulation)
C: specific heat
// v: specific weight
. / /
0 % £ X

Fig. A.1l One-dimensional heat conduction model through
a wide flat plate with sudden temperature
rise at both surfaces

constant P2, as

ay

?? = —KPzdt (A.5)
d2x 2

— + P°X =0 ., A.6
ix? (A.6)

Therefore X(x) and Y(t) are expressed as

A sin Px + B cos Px (A.7)

X(x)

_vpl : '
Y(t) = e &°C (A.8)

where P, A and B are constants determined from analytical conditions.

By using an analytical condition (A.3) on equation (A.7},

B=20 (A.9)
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gin PL =0
(A.10)
Pn = %; (n=1, 2, 3, 4, ===—- )

are obtained and X(x) and Y(t) are described corresponding to each
eigenvalue Pn, as
¥n(x) = An sin Pn x (A.11)

= 2
o KPn“t (A.12)

Yo {t)

Therefore a general solution is given as a linear combination of
Xn{x) ¥n(t), namely
% -KPn?t
e

6= I 4n

x sin Pn X (A.13)
By using the analytical condition (A.2) to the equation (A.13),

o]

nél An sin Pn x (A.14)

1 =

is obtained. The constants An are determined by an orthogonality rela-

tion of the eigenfunction sin Pn x as

f gin Pn x % sin Pm x dx

= 0 for n#m

(A.15)
=1 for n=m ,
therefore
4
An='r'l‘1'T" for n=1, 3, 5, 7, ===
(A,16)
=0 for =n =2, 4, 6, 8§, ——-
Concludingly the dimensionless temperature 8 is expressed as,
(or) %Kt
_ jL_ _— . nmx
g = Izl o e 22 X s1in T (A.l?)
fn =1, 3, 5, 7, — ).
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Non-dimensional temperature § in the case of sudden temperature
rise at both surfaces of wide flat plate

g{x, t) = L —

F = Kt/22

n

-F 2
e (nm) gi.

nmx

2

Fourier No. Distance from Surface x/ 8

F 0,05 0.10 0.15 0.20 0.30 0.40 0.50
0.001 0.813 | 0.967 1.004 — — — -
0.01 0.276 | 0.521 0.711 0.843 0.966 0.995 0.999
0.05 0.124 0.244 0.358 0.462 0.630 0.736 0.772
0.10 0.074 0.147 0,215 0.279 0.384 0.451 0.475
0.20 0.028 0.055 0.080 0.104 0.143 0.168 0.177
0.50 0.001 0.003 0.004 0.005 0.007 0.008 0.009
1.00 1.0x1075 ' 2.0x1075] 3.0x107%| 3.9x1075| 5.3x107°| 6.3x107° 6.6x107°

£
L
E..q
g
S
~
E..-|
L
£
It
fan
0
0
Fig. A.2

0.1

0.2
x/ %

Non-dimensional temperature profile in
the case of sudden temperature rise at
both surfaces of a wide flat plate

(

F o= ke/f%: Fourier Number,)

: plate thickness

— 40 —
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This temperature is described by two non-dimensional parameter Kt/22,
a Fourier number and %/%, a non-dimensional distance as shown in Table
A.l and Fig. A.2. 1In the case of wall with one-side insulation, distance

x may be taken as 0 £ x £ £/2 and the insulation condition

%ﬁ_ 2 =0 (A.18)
x o=

is satisfied in the equation (4A.17).

A simple factor is necessary for indicating the degree of approxima-
tion to the perfect thermal equilibrium state in the case of sudden tem-
perature change at one surface wall and insulation at the other surface.
A degree of approximation n to thermally steady state is defined from a
heat capacity ratio between heat capacity increased from initial state

to time t and that to time infinity, namely

1 4
n = —-f {1 - 8) dx
40

3 (nw) ?Kt
= 2
1 rzlm e 2 (A.lg)
{(n=1, 3, 5, 7, —- ).

The value 1 is shown in the cases of rebresentative walls of the ROSA-IIL
facility made of SUS 304 steel with wall thickness-% = 5.5, 40, 130 and
210 (mm) by using the Fourier number F as a parameter in Table A.2 and
Fig. A.3.

It is shown from these results that the metal walls with thickness
less than 40 mm become nearly thermal equilibrium condition in 30 minutes.
And after 2.6 hours, the increased heat capacity becomes 90% of final

heat capacity in the most thick wall of the pressure vessel with thick- -

ness 210 mm,
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Table A.2 Relation between 1 and time for wvarious
wall thickness §/2

1 (% _ 8 -F(nm) 2
n=7 jo (1 -98) dx=1 % ?E?jf e
(n=1, 3, 5, 7, ——= )
Fourier Number Time after Sudden Temperature Rise (5)
' n
- 2 £ L _ 2 _ 2 _
F=Xt/2 5 5.5 mm 5 40 mm 5 130 mm > 210 mm
0.0001 3x1073 1.5%1071 1.6 4.2 0.0220
0.001 3x1072 1.5 16.2 42 0.0734
0.01 3x1071 15.3 162 423 0.2257
0.05 1.5 76.5 810 2113 0.504
0.10 2.9 153 1620 4226 0.698
0.20 5.8 307 3239 8452 0.887
0.50 14.5 767 8098 2,11x10% | 0.994
1.00 29.0 1533 1.62x10% | 4.23x10% | 1.000
10.00 289.9 1.53x10% | 1.62x105 | 4.23x10° | 1.000
K = 4.176 x 1076 (m?/s) for SUS 304 at 200°C
1.0 . , .
g
_1
0.8k 0 J
_ 2
-1 - E-—"ﬁ—z o F(nm)
n (nm)
0.6 (n=1,3,5,7 ...)
= F = kt/L%: Fourier Number
0. -
0' -
O | | | | {
1073 1072 107! 10°

Fourier Number ¥

Fig. A.3 7, a degree of approximation to thermal steady state in the case
of sudden temperature rise at both surfaces




