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MODEL EXPERIMENTS ON DEPRESSURISATION ACCIDENTS 
IN NUCLEAR PROCESS HEAT PLANTS (RTGR) 
6. FRITSCHING, G. WOLF 
INTERATGN 
Internationale Atomreaktorbau GmbH. 
Bergisch Oladbach 
Federal Republic of Germany 

1. Introduction 

The analysis of depressurisation accidents requires 
the use of digital computer programs to find out the 
dynamic loads acting on the plant structures. 
Because of the importance of such accidents in safety 
and licensing procedures of nuclear process heat plants, 
it is necessary to compare these computer results with 
suitable experiments to show the accuracy and the limits 
of the programs In question. 
For this purpose a series of depressurisation experi
ments has been started at INTERATOM on a small scale 
model of a primary loop of a nuclear process heat 
plant. Using the results of these experiments three 
different computer programs were tested with good suc
cess. The development of the experimental program and 
the estmation of the results was carried out in co
operation with KFA-Julich and the Technische Hochschule 
Aachen. 

2. Experimental Program 

2.1 Design of the Test Model 

For the purpose of verification of computer codes 
a minute similarity between the test model and a 
primary loop of the plant is not necessary. However, 
to get an improved accordance with the flow pattern 
it was tried to simulate as many plant specific coir-
ponents as possible. For this reason the test model 
consists of three different vessels (see fig. 1) which 



describe the reactor cavity (I), one defect heat ex
change loop (III) and the other not damaged loops re
presented together by one vessel (II) of larger diame
ter than vessel III. 
The pressure vessel I was divided by two thick perfo
rated plastic plates, which simulate the bottom and the 
upper reflector (PPT, PP2), and a gas-tight horizontal 
plate into four parts representing the core-region (2), 
an upper (1) and a lower (4! cold gas header and a 
hot gas header below the core. For describing the 
pebble-bed the core-region could be filled with 
spherical pellets of 13.5mm diameter. The upper and 
the lower cold gas header were combined by two pipes 
of b9.7mn\ and 100mm diameter, thus giving a rough model 
of the cold gas flow within the reactor cavity. By ver
tical partitions the headers could be divided at the 
ratio 1:5, in this way taking account of configurations 
with segmented headers for each loop. 
Fcr a brief simulation of the fluid flow within the 
neat exchanging loops cylindrical tubes were inserted 
into vessels II and III comparable with the tuoe sheets 
of the heat exchangers in reality. These tubes are com
bined with the hot gas header below the core by pipes 
representing the hot gas ducts of the plant. Together 
with the vessel walls these cylindrical tubes build up 
annular flow channels like the primary cold gas regions 
of the component cavities which lead the gas stream 
backwards to the blowers. Within these channels a small 
annular gap can be generated by fixing a rino on the 
outer side of the inserted tube, in this waj taking 
account of the isolation valve in the blower units. 
During these experiments without blowers these parts 
of the test loops are directly combined with the lower 
oold gas header by pipes standing for the cold gas ducts 
The pipes connecting vessels III and I are of 69.7mm 
diameter, whereas the pipes from vessel II towards ves
sel I have lOOnun diameter. 

Initiation of the Leakage Process 
For studying the effects of depressurisation waves 
a well defined start of the leakage process is re
quired. Therefore a special initiation mechanism is 
needed. The main part of this mechanism is a thin rup
ture disc in shape of a spherical calotte closing ini
tially the leakage orifice. This rupture disc is jas-
tight fixed between two rings ard is bumped in with a 
piston which is hydraulically iorced. This leads to a 
loss of stability of the calotte so that it is pulled 
in one piece from its fixing rings within 1-2 milli
seconds . 

Measuring Techniques 

The rapid pressure changes at the beginning of the 
depressurisation require highly sensitive measuring 
techniques. Therefore dynamic pressure transducers 
of piezoresistive type have been used. After ampli
fication the measuring signals were analogcusly re
gistered in form of frequency-modulated signals by 
magnetic-tape machines with a limited frequency of 
20K))z. The measurement error was about 2%, mainly 
produced by the tape machines. During one experiment 
the pressure development could be recorded by 14 gauges 
which may be located at 65 different positions on the 
test mode]. These test points are marked by dots in 
fig. 1 (only important points are mentioned). At each 
level it is possible to fix two gauges at different 
positions to get knowledge about the influence of 
two-dimensional effects. 

Performed Experiments 

The three vessels were combined by flange connections 
which could easily be dismantled, so that experiments 
with one, two or tlin'i vessels could be performed as 
well. The inserted structures such as tube-sheets, par
titions, perforated plates and pebble-beds could b« re
moved as well, so that experiments with and without 
these components were possible. By fixing the initi
ation mechanism at any one of the nozzles of the three 
vessels many different leakage points could be realised. 
To simulate leakage of the "hot. gas duct" the pipe;; 
(5) and (6) could be changed. In this way experiments 
with many different geometric configurations were pos
sible. 

The depressurisation experiments were carried out with 
nitrogen or helium, starting with initial pressures 
of 40 or sometimes 20bar. 
During the series of experiments it was taken advan
tage of the geometric flexibility of the test model 
going on step by step from one, two and three vessel 
experiments up to the most complicated case shown in 
fig. 1. In this way at least 46 different depressurisa
tion experiments have been realised offering much ex
perimental data for program verification. 

Tested Programs 

Three computer codes with different model estimations 
and solution method:.1 have been tested. Two of them, the 



programs HEINK0 and PSS-III were developed at INTERATOM. 
They are running on a CDC-6400. The third one is the 
code GATDYN of the Institut fUr Dampf- und Gasturbinen, 
Technische Hochschule Aachen. 

In the following part of my lecture more in detail 
is only reported about HEINK0 and PSS-III although 
the results of the program GATDYN agree with the ex
perimental data as well. All of the three programs 
use the equations of St. Venant Wanzel at the leakage 
point. 

3.1 Program HEINK0 

The program HEINK0 works on the basis of the diffe
rential equations for the isentropic flow within 
pipes of constant cross-secticn including the influ
ence of friction into the momentum equation. 

____ • v l i_ • - ! _ £ • _L. vivi (2) 

p = pressure S = density 
v = velocity c = velocity of sound 
t = time x = space variable 
d.- hydraulic diameter X = friction factor 

This partial differential equation system is trans
formed into a system of ordinary differential equa
tions by the characteristics transformation. 
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For the numerical solution the vessel system has 
been simulated by a meshed pipe system which is 
covered by a locally fixed grid of calculation points. 
The relations at a point within a pipe are shown in 
the following figure. 
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Along the characteristics CH and CH~ described by the 
equations (4) and (5) tl<_ relations (3) and (4) are 
changed into a difference form using the known values 
at the points A' and B' to calculate p and v at point D. 
During one timestep a fixed velocity of sound is used. 
For the next timestep the sound velocity is found by 
the following relations. 
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At points were pipes are connected or changes in cross-
section occur special equation systems must be found. 
For this purpose the continuity- and the Bernoulli-equa
tion are included in the calculation. 

3.2 Program PSS-III 

PSS-III, however, uses the conservation laws of mass, 
energy ant? momentum in an integral form for a partial 
volume of the vessel system. By heat exchange equations 
and one-dimensional heat conduction the heat transfer 
into the structure material could be calculated, but this 
is only of importance for the core-region with the 
pebble-bed. In a quasi more-dimensional case for an 
ideal gas this leads to the following equation system 
tor a partial volume i. 

Conservation of mass: 
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Conservation of energy: 
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Conservation of Momentum: 
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M - mass 
W = massflow 
T = temperature of gas 
T*= temperature of the surface of structural material 
h = enthalpy 
R = gas constant 
M*= maximum number of different structure surfaces 
N = maximum number of surfaces over which flow into 

a volume occurs 
L = maximum number of cross-section changes 
A = flow cross-section 
d = heat transfer coefficient 
Jf = resistance factor 
This solution method requires a partition of the test 
model into partial volumes to calculate M and T within 
these volumes by the equations (9) and (10). The mass-
flow W, however, is calculated by equation (11) at the 
surfaces of these volume partitions using another spe
cial grid. This is shown in the following figure for 
a one-dimensional example with L = 3. 

s, 

T T 
*2 

-W:l: ' 

Li. H 

Results of the Experiments and Program Verification 

To get a general view of the development of a depres
surisation process at first a qualitative discussion 
is presented using an example with three vessels and 
all inserted components (see fig. 1). The leakage point 
with a circular cro3s-section of 100mm diameter was 
located at the nozzle in section (5) (fig. 1). At the 
beginning of the experiment the vessel was filled with 
helium with an initial pressure of 40bar and a tempe
rature of 282K. 

Immediately after the destruction of the rupture disc 
a sharp pressure drop occurred in the environment of 
the leakage point. This is shown by the pressure de
velopment at test points P6 and P26 (see fig. 2). The 
pressure drop is propagated as a depressurisation wave 
throughout the vessel system, which can be observed in 
the delayed pressure decrease at PB compared with P6. 
During the propagation the waves change their shape 
so that in greater distance from the leakage point 
only a nearly exponential pressure decrease can be 
observed (sve PI, P8, P32) . On structures which are 
surrounded by the fluid at two sides, pressure diffe
rences car. bo generated by the waves leading for short 
times to dynamic loads. Components of this kind are 
for example the tube-sheets of the heat exchangers and 
the side- reflector of a process heat plant. 

During the first phase of the depressurisation pressure 
oscillations are possible in parts of the flow system. 
During this experiment such an oscillation occurred at 
test point P24. 
A relatively stable flow follows up that initial phase 
generating pressure differences which are very sensi
tive to the flow resistance within the system. Unfortu
nately, it was not possible to measure the real sta
tionary resistance factors of the vessel system because 
no blower was installed; therefore it was necessary to 
use the common resistance factors for the program veri
fication. In the channels and the pebble-bed these fac
tors were continually taken in dependence of an actual 
Reynolds number. 

Another important fact for the plant design are the 
maximal pressure transients in the system. They are 
necessary to find out the loads generated on badly de-
pressurable regions, for instance the insulation in the 
hot gas regions. 



All these effects are fully developed at the start of 
the depressurisation, ind therefore a good accordance 
between experiment arid calculation in this phase is 
dosired. 
This general view of the depressurisation is verified 
by all other experiments. 
As all relevant effects were observed in the experiment 
just discussed, it seeii ;i to be very suitable for the 
program verfication. Unfortunately, for this case only 
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