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ABSTRACT 
 

This paper has the objective to present the description of the experiment, accomplished in 
CDTN in May of 1999, with the purpose to explore the temperature distribution in the core and in 
the pool of the IPR-R1 TRIGA Mark I Research Reactor. These tests consisted of temperature 
measuring in several positions in the core and in the pool of the reactor, with operating power of 50 
kW, 70 kW and 100 kW, measured with the linear channel. The obtained results are presented in 
tables and graphics and can be observed that the power dissipated in the primary circuit of cooling 
system, operating at 250 kW, is below the nominal dissipation capacity of this circuit ,  
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I. INTRODUCTION  
 

The IPR-R1 TRIGA Mark I Reactor of the Nuclear 
Technology Development Centre (CDTN), is a pool type 
reactor, refrigerated by natural convection. The- heat 
removal for this process is enough for the current power 
levels of the reactor [1]. The circulation is maintained by 
the difference of density of the water in the bottom and in 
the top of the core, due to the heating of the nuclear fission 
of  the fuel elements.  

The heat removal of the pool is made by means of 
the circulation of the water collected in the bottom 
extremity and that it comes back to a height of 417 cm, 
after cooling in a heat exchanger. At the heat exchanger, 
the pool water heating is cooled by transferring its heat to 
the water of a secondary loop, being caught a cold then by 
the atmospheric air in the external cooling tower [2] [3].  

The knowledge of the temperature profile of the 
pool and the core of the reactor has great importance to 
assure the integrity of the fuel, supplying experimental data 
for the validation calculation models of heat transfer, used 
in the licensing to upgrade the power of the IPR-R1 TRIGA 
Mark I Reactor, from the current 100 kW to 250 kW. The 
collected data will be used to supply data for the calibration 

of the reactor power and for a future use of the nuclear 
instrumented fuel, acquired by CDTN.  

 
 
II. DESCRIPTION OF THE EXPERIMENT  

 
These tests consisted of the temperature monitoring 

in several positions in the core and in the pool of the 
reactor, with the reactor operating to the power of 50 kW, 
70 kW and 100 kW, indicated by the lineal channel. During 
all these experiments the water flow in the primary cooling 
loop of the reactor was maintained in 32 m3/h, or when it 
was turned off. This value of the flow was usually the value 
maintained during the normal operation of the reactor.  

 
Instrumentation. The temperature measures in the core 
were accomplished byf type K thermocouples (chromel-
alumel), with mineral isolation, stainless steel sheath 3 mm 
of diameter and 6 m of length. There were chosen this 
thermocouples type by being them more resistant to the 
effects of the radiation [4, 5, 6]. The measures in the inlet 
and outlet of the primary cooling system , were also done 
by means of type K thermocouples, with mineral isolation 
and stainless steel shield, but with 1,5 mm of diameter and 
1,5 m of length.   For the pool measures, 12 thermocouples 
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of the T type was used, with mineral isolation, stainless 
steel shield, 3 mm of diameter and 3 m of length.  

 
 

Data Acquisition System. The thermocouples signs were 
transferred, through its extension cables, to a conditioning 
card Advantech, model PCLD-789, that also makes the 
temperature compensation, and addresses the signals to an 
analog/digital converter card Advantech, model PCL-
818hd, installed in a computer, that calculates and records 
all data. Each registration corresponded to the average of 
50 readings and the standard deviations of these 50 
readings were also registered. The data acquisition software 
registers the data at every 5.7 s, showing in the computer 
video monitor, the temperature evolution. 

 
 

Core Temperature. The core temperature monitoring of 
IPR-R1 TRIGA Mark I Reactor was made by means of two 
thermocouples positioned in two different sub-channels for 
each experiment. There were chosen pairs of halfway sub-
channels of the central tube. The thermocouples were 
positioned to the inlet and another to the outlet of the 
respective sub-channel, to obtain the variation of the 
temperature of the water when travelling from the core of 
the reactor. The core of the IPR-R1 TRIGA MARK I 
Reactor doesn't present any symmetry, by the point of 
neutron view or by the heat dissipation relation. 
Nevertheless, it was decided select sub-channels 
geometrically symmetrical.  

The two thermocouples were arranged in two 
aluminium probes, that crossed the top grid plate of the 
reactor core and they went down through small holes [7] 
existent in this same grid plate. The first probe was built 
with such length that let the thermocouples positioned 
below the beginning of the warm length, crossing vertically 
the whole extension of the sub-channel. The second probe 
has already an enough length, just to position the 
thermocouples immediately above the warm length.  

For each pair of sub-channels there are made  
measurements at the powers of 50 kW, 70 kW and 100 kW, 
with both thermocouples being positioned alternately in the 
two sub-channels. Thus, there were obtained eight different 
positioning for the thermocouples in the core, denominated 
positions 1 to 8. The Fig. 1 shows these 8 positions. It is 
observed that the positions 1 and 8 used the same sub-
channels, having just been inverted the positions of the 
probes, in such a way that in the position 8 the inlet 
temperature was measured in the same sub-channel, that in 
the position 1 the outlet temperature.. The same happened 
in relation to the positions 3 and 6, positions 2 and 7 and 
positions 4 and 5.  

 
 
 
 
 
 

 
 

Figure 1–The Eight Used Positions for Thermocouples 
for the Core Temperature Measure of the Reactor 

 
 
 

Pool Temperature. The temperature monitoring in the 
pool of the reactor was made by means of 10 
thermocouples type T, distributed in two probes vertical 
pieces, one with 4 thermocouples and the other with 6 
thermocouples. Also, it was measured, the inlet and outlet 
temperatures of the reactor pool of the reactor, with 
thermocouples of the type K.  

The first probe was built to permits its positioning 
above the core. It contained the thermocouples T10, T2, 
T1, and T7. The second probe, larger than the first, was 
always positioned besides to the core, reaching larger depth 
in the pool, and it contained the thermocouples T9, T11, 
T8, T5, T3 and T0. Each probe could be moved in the 
vertical of 500 mm length, being the thermocouples 
displaced of about 1000 mm, one of another. In the 
horizontal line was possible to move them for several 
positions. They were used in 24 different distributions from 
the thermocouples denominated arrangements A1, A2, B1, 
B2,..., until to L1, L2. This way was possible to measure 
the temperature of the pool in 188 points. The Figure. 2 
shows the thermocouples distribution in the Arrangement 
C1.  

 
 
 

 



 
 

Figure 2–Core Distribution of Thermocouples in the 
Arrangement C1  

 
 
 
 

III–RESULTS  
 

 The tests were accomplished in four days, having 
been generated seven files of results, each file collected 
along one morning or of one afternoon. They enrolled the 
measured temperatures so much for the thermocouples 
located in the core as for those distributed in the pool. For 
each test a file of data was generated, contends a column of 
time and the columns with the measured temperatures for 
the all thermocouples. There were registered, still, the 
instants that happened important events, such as, turn-on 
and turn-off of the reactor, power level alterations, turn-on 
and turn-of of the cooling system and displacement of the 
probes contends the thermocouples in the core and in the 
pool. From these temperature files, graphs were traced in 
function of the time, the power of the reactor and of the 
position of the thermocouples.  

 

 
 

Core Temperature. The Table 1 shows a summary of the 
data collected in the core. The first column indicates the 

positions of the thermocouples, the second and third 
columns show, respectively, the average temperature of the 
pool and the oscillation of this value for the up and down 
positions of the sub-channel. The fourth column shows the 
temperature increases due to the heating of the core and the 
last column shows the power of the reactor read in the 
indicator of the lineal channel of the console. 

 
 
 

TABLE 1– CORE TEMPERATURE 

Up Temperature  
 

[oC]  

Down 
Temperature  

 
[oC]  

PO
SI

T
IO

N
 

T  Oscillation  T  Oscillation

ΔT 
 

[oC
]  

Power 
[kW] 

31 0,7 24,5 0,2 6,5 100* 
31 1 25,8 0,2 5,2 100 
28 1 25  0,2 3 70 

1

27 1 25 0,2 2 50 
31 1,2 24,5 0,2 6,4 100 
29 1 24,5 0,2 4,5 70 

2

27,5 1 24,5 0,2 3 50 
32 1 23,5 0,2 8,5 100 
29 1 23 0,2 6 70 

3

27 1 23 0,2 4 50 
27,5 2  23 0,2 4,5 100 
26 2 23 0,2 3 70 

4

25 1,5 23 0,2 2 50 
26 1 22,5 0,2 3,5 100 

24,5 1 22,5 0,2 2 70 
5

23,5 0,8 22,5 0,2  1 50 
28,5 1 22,5 0,2 6 100 
27 1 22,5 0,2 4,5 70 

6

25,5  1 22,5 0,2 3 50 
30 1 21 0,2 9 100 
27 1 21 0,2 6 70  

7

25 1 21 0,2 4 50 
25 1 21 0,2 4 100 
24 1 21 0,2  3 70 

8

23 0,7 21 0,2 2 50 
(*) cooling loop off  

 
 
 

The Figure 3 shows the temperature evolution in 
two of the sub-channels of the core, where measures were 
accomplished (position 2 and position 3). The increase of 
the temperature in the outlet of the sub-channel, with the 
increase of the reactor power operation can be observed in 
the same figure. 
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Figure 3– Temperature Evolution in Two Sub-channels 

of the Core 
 
 
 

The Figure 4 shows the evolution of the temperature 
in the core with the thermocouples positioned in the sub 
channels of the position 1. The cooling of the pool was 
turned off up to 1:41h of the beginning of the test, and with 
the turn-on of the cooling of the pool a temperature 
increase was observed in the inlet of the subcanal.  
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Figure 4–Influence of the Pool Cooling in the 
Temperature of the Core (Position 1)  

 
 
 

Pool Temperature. The Figure 5 shows the evolution of 
the temperatures of the pool in the TRIGA TEST 132 File. 
In the up curve of the illustration the temperature values 
were supplied by the thermocouples of the longest probe, 
located in the lateral of the core. In the down curve the 
temperature values were supplied by the thermocouples of 
the shortest probe, located above the core. In order to 
provide a better illustration there were increased another 
two axes in the graphs, one with the values of the reactor 
power and another with some arrangements of the probes in 
the core.  

In the Figure 6, the graph shows the evolution of the 
inlet (T13) and outlet (T12) temperatures of the pool water, 
collected in the points shown in the Figure 2. If be 
considered that the difference between these two 

temperatures has an average value of about 1oC along this 
test, the approached value of the medium thermal power 
can be calculated (P) through the dissipated heating in the 
primary cooling circuit. [8].  There is used the equation:  

 

P = qm. Cp. ΔT                      (1) 
 
Where:  

 
qm is the cooling flow of the primary loop, in [kg/s]. This 

parameter was maintained in 32 m3/h (8,89 kg/s);  
Cp is the specific heat of the cooling, in [J/kg/oC], this 

parameter varies in function of the temperature, and it 
was considered the value here, for a medium 
temperature of 22oC;  

T is the difference of temperature measures in the inlet and 
outlet cooling system of the pool.  
 

It was calculate the value of 36,6 kW for the medium 
power dissipated in the primary cooling loop of the circuit.  

 
 

VII - CONCLUSIONS  
 

 Due the amount of the collected data in the 
accomplished tests, a thermal hydraulic model of the IPR-
R1 TRIGA Mark I Reactor, with base in these data, has not 
yet been made . But it can be observed, by the graphs, some 
facts, as the influence of the cooling of the pool in the core 
temperature. (Figure 4).  
 It can also be observed that the temperatures, so 
much in the core as in the pool, had a development along 
the time with a low oscillation frequency of about 5 x 10-3 
cycles a second, equivalent to a period of 200 s, probably 
due to the convection flow.  
 Another fact that could be observed was the power 
dissipated in the primary cooling circuit, that is under the 
nominal capacity of heat dissipation of this circuit (250 
kW). 
 



Figure 5. Pool Temperature Evolution 
 

Figure 6. Temperature Evolution in Inlet and Outlet of the Pool Cooling Loop 
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