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ABSTRACT

The improvement of heat loss calculations in MODPRESS transient code for PWR pressurizer analysis is the 
main focus of this investigation. Initially, a heat loss model was built based on heat transfer coefficient (HTC) 
correlations obtained in handbooks of thermal engineering. A hand calculation for Neptunus experimental test 
number U47 yielded a thermal power loss of 11.2 kW against 17.3 kW given by MODPRESS at the same 
conditions, while the experimental estimate is given as 17 kW. This comparison is valid only for steady state or 
before starting the transient experiment, because MODPRESS does not update HTC´s when the transient phase 
begins. Furthermore, it must be noted that MODPRESS heat transfer coefficients are adjusted to reproduce the 
experimental  value  of  the  specific  type  of  pressurizer.  After  inserting  the  new  routine  for  HTC´s  into 
MODPRESS, the heat loss was calculated as 11.4 kW, a value very close to the first estimate but far below 17 
kW found in the U47 experiment.  In this paper, the heat loss model and results will be described. Further 
research is being developed to find a more general HTC that allows the analysis of the effects of heat losses on 
transient behavior of Neptunus and IRIS pressurizers.

1. INTRODUCTION

The future of the nuclear energy for electricity production rests greatly on the existence of a 
new reactor generation that can satisfy a number of important requirements as:  enhanced 
safety, high proliferation resistance, reduction in waste and better economy. All these features 
are  aimed to  achieve the necessary public  acceptance.  A reactor  with these features  will 
probably not be at the market before 2030, because much investigation and technological 
development  are  required  for  certification.  As  an  attempt  to  reduce  this  time  lag,  an 
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international  consortium has proposed the IRIS project,  a  integral  PWR-type reactor  that 
could be built in shorter period, since it is based on proven PWR technology [1, 2]. Even so, 
relocation  of  pressurizer,  steam generator,  pumps,  control  rods,  etc,  of  certified  PWR´s 
require specific research before applying for licensing by regulatory authorities.

MODPRESS was written to simulate the behavior of PWR pressurizers but with extended 
capability for innovative PWR like IRIS [3]. This is very attractive because the model can be 
tested and validated using experimental data for PWR before using for predictions of IRIS 
pressurizers.  However,  MODPRESS  heat  transfer  coefficients  must  be  adjusted  to  each 
specific  pressurizer.  Then,  the  present  work  constructs  a  new heat  model  for  HTC´s,  in 
substitution  to  the  older  ones  in  MODPRESS,  aiming to  generalize  and  to  automate  the 
determination of thermal power losses.  Finally, the effect of inserting this new heat model is 
evaluated using Neptunus experimental test U47 as a reference [4].          

2.  THE HEAT MODEL

Heat transfer coefficients depend mainly on fluid conditions and geometry. MODPRESS has 
a  three  volume  representation,  by  dividing  the  pressurizer  vessel  in  a  fixed  region  R1 

containing  the  lower  liquid  phase  and  a  variable  region  R2 also  containing  liquid  but 
interfacing a vapor region R3, allowing the capture of variations in the moisture level caused 
by surge flows and others mass exchange mechanisms. For Neptunus pressurizer, the vessel 
is a cylinder closed by two hemispheres, one at the bottom and other at the top (Fig. 1). 

Figure 1.  Sketch of Neptunus pressurizer at initial equilibrium

Due to this geometry, a specific heat transfer correlation was not found at the open literature. 
An approximation was adopted here by taking the vessel as a plate of same lateral area, faced 
by air at one side and fluid at the other side (Fig.2). The contact with liquid and steam is 
simply defined by the water level which corresponds to the separation of region R2 and R3.
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Figure 2.  Simplified pressurizer geometry for heat transfer

For each region (i=1,2,3), the heat loss qwi to the surrounding air is calculated as:

)T(TSrUqw ambiiii −= (1)

where Ui is the global HTC, Sri is the contact area, Ti is the fluid temperature of region i and 
Tamb is the ambient air temperature. The Ui´s are composed of 3 parts: convection fluid-inner 
wall surface, conduction in the wall and convection wall-ambient air (Eq. 2). 
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In the above equation, hf is the convective heat transfer coefficient of inside fluid (liquid or 
vapor) to  the wall, e is wall thickness, kc is thermal conductivity of steel and ha is convective 
HTC wall-to-ambient  air.  The  HTC´s  are  determined by  using  the  Nusselt´s  number  for 
natural convection as a function of Prandtl (Pr) and Grashoff (Gr) numbers [5] as shown in 
Eqs (3) and (4):

n
m Pr).Gr(cNu = (3)
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L is a characteristic height of the vessel and k is the thermal conductivity of fluid. The shape 
parameters c and n are given in Table 1. 

Table 1.  Shape parameters in HTC correlation

Regime flow Gr.Pr c n
Laminar 104 a 109 0.59 1/4
Turbulent 109 a 1013 0.10 1/3

The fluid properties for Gr and Pr numbers are calculated at the film temperature, requiring 
an iterative process to estimate wall temperatures and HTC´s. All relevant thermo-physical 
properties  (density,  thermal  conductivity,  specific  heat  capacity,  viscosity,  volumetric 
expansion coefficient) for air at atmospheric pressure was taken from [6] and implemented as 
a  MODPRESS  routine.  In  the  lack  of  some  properties  for  water  at  high  pressure  and 
temperature, the convective heat coefficients at the fluid side were manually calculated and 
given as input into the code. This is not important because the convective transfer from wall 
to air is the limiting mechanism and dominates the global coefficient. However, the direct 
calculation  will  be  implemented  as  soon  as  the  physical  properties  for  water  will  be 
accessible.

     
3. RESULTS 

After selection of the heat transfer correlation, it was tested by manually calculating the heat 
loss in steady state, for Neptunus U47 experimental test, at initial pressure 12.3 MPa, giving a 
total heat loss of 11.2 kW, with hl=906 W/m2K and hv=144 W/m2K. 

The heat loss was also calculated by MODPRESS at the same conditions, showing a value of 
17.3 kW. Neptunus U47 experiment reports 17 kW of heat power losses at the equilibrium. 
However,  it  must  be  remembered  that,  prior  to  the  calculations,  the  HTC´s  used  by 
MODPRESS are adjusted to the specific case.  
  
The changes and new implementations were promoted inside MODPRESS and the heat loss 
was calculated again, given a heat loss of 11.4 kW, in a good agreement with the preliminary 
calculation made by hand, but yet  much below the value determined in the experiments. 
Possible causes for discrepancies are under study. 

Although only the results for the steady state were of interest in this first investigation, it 
should be commented that a transient simulation with prescribed outsurge flow, wsu, of 3.25 
kg/s (Fig. 3) was completely reproduced. Fig. 4 shows the evolution of the moisture level, 
Lmoist, with time, demonstrating a good performance of the code in terms of quality. As 

INAC 2009, Rio de Janeiro, RJ, Brazil.



shown, the outsurge transient does not lead to the discovery of the heaters that are located in 
region 1 of the pressurizer. Therefore, the new implementations has not affected considerably 
the  transient  calculations.  However,  a  direct  comparison  with  experimental  data  for  this 
variable  was  not  possible  because  no  information  is  provided  about  Lmoist  for  U47 
experiment [4]. 
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Figure 3.  Outsurge massflow vs.time
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Figure 4.  Moisture level evolution during outsurge transient

INAC 2009, Rio de Janeiro, RJ, Brazil.



3. CONCLUSIONS 

A new model for calculating heat transfer coefficients for MODPRESS code was developed 
and implemented. It can be observed that the advantage of this procedure is the generalization 
and automation of the HTC´s calculations to obtain the loss of thermal power. The fact that it 
was underestimated has introduced the necessity of new studies to solve this subject. It was 
also concluded that the changes in the code did not affect its simulation capability. Transient 
phase is yet under study for conventional pressurizers and the same investigation will be 
extended to IRIS pressurizer.
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