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Abstract

A Series of tests has been done for the three cases

( breaking pipe opened in the gas plenum, near the liquid level and

submerged in the water) in the Test Heating Reactor.

Experiments show that the three cases of LOCA ( Loss of Coolant

Accident) have different patterns. In the case of a breaking pipe

connected into the gas plenum the quantity of lost water is indepondent

of the diameter of the breaking pipe. In the case of a breaking pipe

located near the liquid level, the quantity of lost water depends on the

location of the pipe. In the case of breaking pipe submerged in the

water, all water above the break will be discharged.

The patterns of the discharge for the three cases are given in the

paper.
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1. Introduction

District heating reactors must be built near the heating load ( heat

grid ) . That means they must be built near cities. So the safety

requirements for DHR are very strict.

For integral reactors protection against loss of coolant is one of the

most important considerations.

On the pressure vessel of a integral reactor, there is no penetration

pipe with big size, LOCA is possible only through pipes with small

sizes. The possible ways of LOCA are as follows:

® Water discharge through the safety valve.

CD Water discharge caused by a pipe breaking ( The pipe is

opening in the steam plenum ) .
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(D Water discharge caused by a breaking pipe (the pipe is opening

under the water level.

For checking the design safety of the 5MW Test Heating Reactor

( NHR-5 ) and investigating the characteristics of LOCA during

the discharging process, a series of tests have been done on the

model thermohydraulic loop in INET.

The test model loop was built on the base of similarity theory for the

NHR-5.

The loop consisted of two circuits. The first circuit included two

heating test sections (to model fuel assemblies ) , a rising pipe ( to

model the chimney) , steam-water separator, steam condenser, cooler,

down pipe, valves ( to model resistances ) and measurement

apparatus.

The Condenser and cooler are cooled by the water of the

secondary circuit. Secondary circuit water transfer heat to the

environmental air by an aircooler.

In order to study the effects of drain position on the drain process,

three positions of the drain orifices have been selected. The first drain

orifice is located at the top of the loop. It is used to model the

case of " safety valve opened and can't be reset" . The second

orifice is located in the steam plenum of the separator. It is used to

model the case of a breaking pipe opened in the steam plenum.

In the NHR-5, most pipes penetrating the pressure vessel are

connected to the steam plenum. The third drain orifice is located under

the water level. It is a pipe, opening under the water level at about 3m.

It is used to model the case of a boron-injection pipe breaking.

The diameter of the heating rods, heating length, height of the

chimney, resistance coefficient at the inlet of the heating section, total

resistance of the loop, density of the heating power and parameters

are the same as those in the 5MW Test Heating Reactor, in order to

keep the geometric and hydraulic similarity conditions.

In the water discharge test through the safety valve, according to

the geometric similarity, the diameter of the drain orifice should be

selected at 4. 3mm. To study the relationship between the orifice
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diameter and quantity of drain water, besides 4.3, orifice diameters 6.0

and 8.5 m m are also selected in the tests.

During the test, the pressure of the steam plenum, water

temperatures at the inlet and outlet of the heating section, drain

water flow rate, and surface temperature of the heating elements

are measured. Pressure and pressure defferences are measured

through transducer type 1151. Drain water quantity is measured by

weighting the condensate and measuring the water level.

2. Discharge test through the safety valve

After opening the safety valve and cutting the heating, the pressure

of the test loop decreased fast. Part of water vaporized. The drain rate

decreased with decreasing of the pressure, until the loop pressure was

balanced with the back pressure (drain stoped) .

A typical test curve of the pressure decreasing with time is shown in

Fig.2, as well as a curve calculated according to gas critical flow

method. The two curves fit well enough. It means that the drain
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Fig.2 Pressure change in the upper plenum
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Fig.3 Effect of the orifice diameter on the pressure
in the upper plenum

through the safety valve essentially is a gas critical flow. It is easy to
understand, because during the drain process, the ratio of back
pressure to the loop pressure most of the time is lower than the
critical pressure ratio. In the drain test through the safety valve the
discharge orifice is located at the top of the loop. So almost is only
vaporized steam is discharged.

That the drain water quantity can be calculated by the critical flow
method is an important conclusion for the design.

Experiment shows another important fact that is for the same
initial pressure and temperature the drain water quantity will be the
same, no matter the orifice diameter is big or small. Only the balance
time will be shorter or longer (longer balance time refers to the
smaller orifice diameter) . ( See Fig. 3 ) . This means that, at the
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initial conditions of the design parameters ( pressure and water

temperature ) , for the Test Nuclear Heating Reactor, during the

process of drain through the safety valve the total quantity of drain

water is about 18 -20 % of initial water inventory, no matter whether

the safety valve is fully opened or partly closed.

For the Test Nuclear Heating Reactor ( NHR-5 ) to cover the

reactor core and to ensure necessary cooling only about 40 % of initial

water inventory is needed. So the NHR-5 is enough safe during a

LOCA through the safety valve. That the total quantity of drained

water no more than 18 - 20 % of initial water inventory is confirmed by

the calculation of heat balance. So it is creditable.

3. Discharge test of a pipe break from the steam plenum

The main difference between discharges through the safety valve

and a pipe break from the steam plenum is the position of the

discharge orifice. The pipe from the steam plenum is located lower

than the safety valve. In normal regimes it opens into the steam

volume. But during the discharge process, it may some times be

covered by water or two phase liquid. In this case the total drain

quantity of water depends on the opening is covered or not.

Discharge from different heights ( distance to the initial water

level) has been tested.

In the case of small heights at the beginning of the discharge

process the level of two phase liquid ( cause by the vaporization )

may be higher than the discharge orifice. It causes a mixed discharge

of water and steam, and increased the total drain quantity. Specially

for the bigger orifice diameter the discharge process is stronger, the

total drain quantity is increased notable. This can be seen in Fig. 4.

For the case of mixed discharge, the total drain quantity may be

increased from 19 % to 25 % of initial inventory ( orifice diameters

are increased from 4. 3mm to 8. 5mm respectively ) . The less the

height difference between the initial level and discharge orifice, the

more the total drain water quantity.
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Tests showed that when the water inventory increased from 71% to

84% of total volume the total drain water quantity increased from 17.1

% to 20.3% of the total water inventory.

4. Discharge test of breaking pipe from the water volume

In the NHR-5 some pipes are connected under the water level, such

as the boron injection system pipe, the pipe for the hydraulic driving

facility for control rods etc. A pipe break of this type is more

dangerous. In the case all the water above the inlet of the pipe will be

discharged as well as some water lower than the inlet because of

siphonage.

A discharge test has been made to model a pipe breaking in

the boron injection system. The boron injection pipe is opened under

water at a level equivalent to the middle of the chimney.

In the test steam content, drain water quantity, liquid level, pressure

and their transient characters have been measured.

The typical pressure change during the test is shown in Fig. 5. The

change of drain water quantity is shown in Fig. 6.

From these figures it can be seen that at the beginning of the drain

process discreasing of the pressure wasn't very fast, but increasing of

the drain water quantity was quite considerable. This can be

understood, because at the beginning water was discharged,

vaporized steam compensated for the change of water volume, so

the pressure changed slowly. When the liquid level was lower than ttie

opening of the discharge pipe, steam and gas began to drain. The

pressure decreased faster, but the drain water quantity changed

reasonably slowly. The decrease of the liquid level from linear changed

to slower. Eventually draining stopped because of losing heat and

pressure.

When the liquid level was lower than the opening of the pipe, some

water was drained because of siphonage. The greater the distance

between the pipe opening and the liquid level, the less the drain water

quantity. Consequently there was a smaller the decrease of the level.
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Fis.5. Pressure change during the discharging process

an

u
en
2

600

580

560

-40

"0

-00

480

460

440

/

/

/

/

r^-— !

/ 1
/ i
J

i

*
1

Fig.6. Change of the discharged water quantity with the time
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Fig. 7. Decrease of the Liquid level caused by the Siphon Effect

(experimental reseelts)

The relationship between the drain water quantity and the height

(to the liquid level) of the opening is shown in Fig. 7. From this can

be seen that when the height is more than 5cm, the height almost

doesn't effect on the drain water quantity.

5. Preliminary conclusions

From the above experimental study the following conclusions can

be made.

(1) The total drain water quantity during the safety valve discharge

is no more than 20 % of the initial water inventory, no matter whether

the safety valve is full open or not. ( this is confirmed by the heat

balance) .

The drain velocity and flow rate can be calculated by the critical

flow theory.

(2) For the discharge caused by breaking of a pipe from the steam

plenum, the drain quantity depends on the position of the pipe in the

steam volume. During the discharge process water may be drained

discontinuously. The bigger the pipe diameter, the more the

discharged quantity. The total drain water quantity is more than for the

opening of the safety valve at the same discharge orifice diameter.
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(3) For the discharge from the water volume, the drain quantity is

more than that of a drain from the steam volume. All water above the

pipe opening will be drained. When the level is lower than the opening

of the pipe, the drain quantity depends on the height difference

between the liquid level and the opening of the pipe. In a certain range

the bigger the height difference, the smaller the drain quantity. Under

the conditions of our tests, when the height difference is more than

5cm, its effect on the quantity can be negligible.
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