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ABSTRACT  

 
The Main Moderator heat exchangers are the most important consumers supplied by 

Recirculated Cooling Water (RCW) System. In order to determine an appropriate operating 

configuration of the RCW system it is needed to determine the flowrate required by the Main 

Moderator consumers, in real time. From operating experience, the required RCW flowrate 

necessary to be supplied to the main moderator heat exchangers is much lower than design 

flowrate. In installation, there are no flow elements that could measure especially that flow. 

However, there are two control valves which regulate the flow to the main moderator heaters; 

they control the outlet temperature of the moderator to 69°C. That leads to the requirement of 

calculating the flowrate function of the outside temperature for all possible temperatures during 

a calendar year. One considered all possible temperatures during an operating year, and more, 

going beyond design point, up to 36°C, temperature that can occur during quick transients after 

forth RCW pump starting. The calculation was made to verify the capacity of heat exchanger to 

remove the designed 100 MW(t) in the new condition of reducing moderator temperature outlet 

from 77 to 69°C. The obtained model was validated using field temperatures and flow 

measurements and the conclusion was the model can accurately predict how the RCW system 

operates in all year operation conditions. 
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Introduction 

 
In this paper one analyse the capability of the Moderator System heat exchangers (HX1÷2) to 

exchange the total heat of 100 MW(t) in the new normal operating condition, as per ref. [1], during one 

year of operation, starting from minimum RCW  temperature of 28°C, corresponding to winter 

conditions, up to 35°C corresponding to summer conditions. In this paper one considered the case when 

the RCW temperature reach 36°C, a low probability operating regime, but possible for a very short period 

of time. This operating regime takes place during start-up of the 4-th RCW pump in condition of existing 

35°C temperature in system. The start-up of the pump lead to a temporary increase o the RCW 

temperature for about several minutes, till the supplementary flow rate returns to the heat exchangers inlet 

that leads to a momentarily increase in RCW inlet header temperature till supplementary flow rates 

returns through by-pass line of PCV313. 
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Figure 1 Flow chart for moderator heat exchanger 

 

In this paper it was started from design project (ref. [2]) and we constructing a mathematical 

computational model from heat transfer equations, conservation equations for primary and secondary 

agent, and 3 equations for correction factors (F, P, R). 

We obtained a seven equation system with seven unknown, system with following unknowns:  

- equipment thermal heat flux; 

- primary agent outlet temperature (D2O); 

- secondary agent outlet temperature (H2O); 

- logarithmical mean temperature difference; 

- correction factors F, P, and R. 

In technical literature it is recommended iterative solving of the system by double iteration with 

successive assumptions about outlet temperatures of the two agents, method that simplified the equations 

system through break it 3 parts and separate solving of the parts. On the other hand this method is very 

long due to repetitive solving of the system for every regime for closing the two iterations for outlet 

temperature. 

In this paper for solving the transcendent equation system we used engineering calculation software, 

MATHCAD ver. 13, software specialized in solving mathematical calculations. Using this calculation 

software we succeed directly solving of the system with seven equation and seven unknown fact that 

leads to a considerable reduction of volume of calculation required. Supplementary we obtain an precise 

calculation method comparing with other solutions where experimental calculation diagrams readings are 

required. 

The calculation model obtained was calibrated by comparing the calculation results with measured 

values in installation (ref. [3], [4]) on moderator heat exchangers (HX1÷2) during year 2012. 

After validation of the model we had varied the water temperature of the Recirculated Cooling Water 

System (RCW) from 28°C corresponding with the winter conditions, to 35°C corresponding with the 

maximum design value for summer condition. Supplementary, in the analyse we extended the 

temperature domain of the analyse up to a value of 36°C, temperature reachable during short period of 

time, during some system operating procedures. 

The change of the outlet temperature form calandria vessel from 77°C to 69°C was performed in order 

to have a better sub-cooling in case of improbable event of Loss Of Cooling Agent (LOCA) simultaneous 

with unavailability of Emergency Core Cooling System (ECCS). 
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Figure 2 Temperature diagram for moderator heat exchanger at design conditions 

 

Description of the calculation 

 
Each heat each exchanger is designed to take 50% of heat load of the moderator system, that means a 

heat capacity capability for design of 50MW thermal.  

During normal operation of the plant, the heat exchangers cool down from 69°C to 45°C by regulating the 

cooling flowrate on shell side of the heat exchangers, it regulates mean temperature of D2O at outlet of 

calandria to 69°C. This means that the D2O temperature at outlet for heat exchanger can vary during 

normal operating of the plant. 

The control signal for regulating of cooling water is supplied by D2O temperature monitors from the 

outlet header from calandria using main control program of the plant. 

In this paper we made a series of heat transfer computation for moderator heat exchangers in order to 

study the influence of RCW temperature variation caused by variation of raw water temperature, to 

cooling capability of HX1-2 moderator heat exchangers. In this scope we made a computation to 

determine global heat transfer coefficient for the design regime. Global heat transfer coefficient varies 

with cooling flow rate required for current computational regime. So, for each regime we made a 

calculation for global heat transfer coefficient starting from the design. 

For this paper we took in consideration several computational methods from technical literature for 

heat exchangers, namely: 

- logarithmic mean temperature difference method with iterative or graphical solving; 

-  - NTC method; 

- P - NTC2 method; 

-  - P-R-NTC2 method. 

In the paper we utilised especially logarithmic mean temperature difference method, and also  - NTC 

method. 

The heat exchanger computation was realised by simultaneously of seven mathematical equations: 

- primary agent heat balance calculation; 

- secondary agent heat balance calculation; 
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- equipment heat balance calculation; 

- correlation P = f (temperatures); 

- correlation R = f (temperatures); 

- correlation F = f (P, R); 

- correlation tmlog  = f (temperatures) 

Practically for the system were performed the following thermal calculation for the equipment: 

- design regime calculation; 

- the calculation of decrease of outlet temperature of the moderator from calandria to 69°C without 

increase of RCW flow rate; 

- the calculation of decrease of outlet temperature of the moderator outlet from 77°C calandria to 69°C 

with increase with 10 of RCW flow rate (actual nominal regime ref. [1]); 

- RCW temperature variation from 28 to 35°C for actual nominal regime; 

- RCW temperature variation from 28 to 35°C for design nominal regime; 

- model validation by checking calculation with 2 measured operational regimes. 

From results analyse we can conclude that the mathematical model was properly constructed and was 

validate using comparing computational results with actual measured value in installation. 

 

Results obtained 
 

The heat exchanger has to permit moderator heavy water cooling in order to fulfil system design 

parameters. In design conditions, in which moderator temperature at outlet from calandria vessel was 

77°C it was required to be removed 60 MW(t) thermal load. 

Moderator system has 2 heat exchangers with tubes and shell (2*50%), heat exchangers are design to 

handle each 60 MW(t)  (in total 120 MW(t)) with an outlet temperature from calandria of 77°C.  From 

operating experience of CANDU groups, heat load of the moderator was reduce to 100 MW(h) as per ref. 

[6] 

Figure 3 Variation of main parameter (outlet moderator temperature (D2O) and RCW (H2O), heat flux 

and logarithmic mean temperature difference) with RCW temperature for moderator heat exchanger, to 

the new nominal regime 
 

 tRCW [°C] 

iesire 

iesire 

[°C]   [MW] 
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The outlet temperature from calandria was lowered from 77°C to 69°C due to the fact that heavy water 

from Moderator System has also the role of heat sink in case of for nuclear fuel in improbable event of 

Loss Of Cooling Agent (LOCA) concomitant with unavailability of Emergency Core Cooling System 

(ECCS) for the vents that implies brakes in Primary heat Transport System (PHTS) in which pressure 

tubes had a tendency to have in contact with calandria tubes, and to prevent dry out of the surface. In 

order to have Moderator System as an efficient cooling heat sink, dry out of calandria tubes must be 

avoid. Dry out of calandria tubes can be avoided if moderator has a sufficient sub cooling if the contacts 

occurred. 

Figure 4 Variation of main parameter (outlet moderator temperature (D2O) and RCW (H2O), 

heat flux and logarithmic mean temperature difference) with RCW temperature for moderator heat 

exchanger, to design nominal regime 
 

In order to handle 100 MW(t) load, and also moderator outlet temperature to be 69°C, the RCW flow 

rate on secondary part it was increased with 10%. This changes lead to increase of sub cooling of the 

moderator and increase system capacity to be a heat sink. 

In this paper we tested for all regimes the capacity of the heat exchangers to take them maximum heat 

flux that can be produce in the system. 

For analysed regimes we used as input data the following: 

- Moderator flow; 

- inlet moderator temperature (design 77°C respective 69°C for the new nominal operating regime); 

- RCW flow rate;  

- inlet RCW temperature - (from 28°C to 36°C). 

The variation of RCW cooling agent temperature is due to variation of raw water temperature (RSW), 

the cooling of the RCW system is provided by raw water. 

The outlet data from the analyses were: 

- Outlet moderator temperature; 

- Outlet RCW temperature; 

- Heat flux of heat exchangers; 

- Logarithmic mean temperature difference of the heat exchangers; 

- F, P, and R coefficients value. 

For thermal calculation we used mainly logarithmic mean temperature difference method, but also -

NTC method for 2 of the analysed regimes. 

[°C]   [MW] 

 tRCW [°C] 
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In technical literature the logarithmic mean temperature difference method is presented as a iterative 

calculation method, with successive assumptions of outlet temperature of RCW and respective moderator. 

From this point of view in the technical literature there is recommended the -NTC method as a much 

quicker method especially for heat exchangers with relative simple flow scheme, heat exchanger which 

were determined direct mathematical correlations between  and inlet/outlet temperatures of heat 

exchangers. 

Unfortunately this method, in case of lack of an exact correlation, is based on reading on experimental 

diagrams, for several heat exchangers there are on logarithmic scales and very hard to use is there is 

required a good precision of the calculation. 

 

 
Figure 5 Efficiency of an heat exchanger with split flow in shell - ref. [5] 

 

In this paper we used a simultaneously solving of the whole equations system, which leads us to a very 

quick and precise analytical solving of the heat exchange problem. For this part we used engineering 

calculation software MATHCAD ver. 13. 

So, for majority of analysed regimes we used logarithmic mean temperature difference, the computation 

been very precise and concise even we had to solve a transcendent equation system. 
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Conclusion 
 

In this paper we analysed the variation of heat flux of heat exchangers function of annual variation of 

de RCW water temperature which has change due to variation of raw water temperature (RSW).  

The calculations were started from initial design regime (D2O outlet temperature 77°C) as per design 

data of the equipment, and then were made for actual nominal regime with inlet D2O outlet temperature 

69°C as per ref. [1], and also for diverse operating regimes that can occur during a calendar year 

(winter/summer conditions) in plant, in which the RCW temperature can have has different values. So, we 

simulate RCW temperature variation starting from minimum normal operating value of 28°C, and pass 

the design value of 35°C, to a maximum of 36°C.  The value of 36°C can occur on a very short period just 

after start-up of the fourth RCW pump, due to high temperature indication in the system. This regime 

with 36°C in RCW has a very short duration, as long time as is required that supplementary RCW 

flowrate to be recirculated through PCV313 to inlet of the RCW pumps. 

From analyse of calculated regimes it can notice that reduction of moderator inlet temperature 69°C 

can be done only with increasing of RCW flowrate with 10%, so heat flux of the equipment to remain 

over 50MW(t). 

In this paper it was created a computational mathematical model of moderator heat exchangers which, 

starting from design values, it can calculates operating of the equipment to all operating regime that can 

occur in the plant. 

For analysed regimes we noticed that for RCW temperature values up to 35°C  heat flux of 2*50MW 

can be take out from moderator system. For a very short period, when RCW temperature is 36°C, the 

difference in heat flux calculated with only 1% under the required heat flux, it can lead to conclusion that 

system pass without problem this regime, moreover as per ref. [6], the realistic maximum heat flux to be 

take out from moderator system is 96,7 MW(t), comparing to the 100 MW(t) (for 2 heat exchangers) that 

was considered as success criteria for the regime. 

In conclude it can be stated that moderator heat exchangers can fulfil the system function to take over 

the estimated maximal heat flux 96,7 MW(t) (ref. [6]) for all RCW temperatures that can occur in one 

calendar year condition care, starting from minimum RCW temperature of  28°C corresponding to winter 

conditions and up to 36°C RCW temperature as maximal summer condition. 
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