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ÅWhat kind of industrial application it resembles to you? 

What do you see here? 
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What was the true origin? (1/2) 

/## 

Courtesy of G. Madejowski (DEJ/NCBJ) 

pğyta wsporcza
reaktora

oŜ rdzenia

pğyta separatora

530 mm

+2.75 m

-0.55 m

-1.4 m

28 mmf

530 mm550 mm

38 mmf 23 mmf

In-core irradiation channels types 

Typ 37mXe Typ 35m Typ 25m Typ 25mk

f f

7
8

1
0
0

8
4

1
0
5

1
4
5

f

f37+0.16

2
8+

0
.2

35+0.1 25+0.1 f

8
5

1
0
0

15+0.1

Typ 15m

6
8

9
0

f25+0.1

Material sample container types Generic geometry 

reactor support plate 

core axis 

separator plate 

3/36 P. PrusiŒski | 01.12.2020 



What was the true origin? (2/2) 

/## 

A. Luks et al. (2016) Modelling of thermal hydraulics in a KAROLINA calorimeter for its calibration methodology validation, Nukleonika; 61:4, 453-460, DOI: 10.1515/nuka-2016-0074 

Fig. 1. Schematic cross section of 

the single-cell calorimeter 

Ă(é) A single-cell calorimeter has been designed for application in the 

MARIA research reactor in the National Centre for Nuclear Research in 

świerk near Warsaw, Poland. Not only the results of this elaboration are to 

be used in further analysis of the MARIA reactor operation but they are also 

dedicated for Jules Horowitz Reactor (JHR) analysis by the research centre 

in Cadarache, France. (é)ò 

Ă(é) A two-dimensional model was applied. The axial symmetry allows to 

assume that results from a three-dimensional model should be similar 

to those from the two-dimensional one. 

The k-Ů realizable model of turbulence was selected. It takes the possibility 

of flow separation from the wall into account. This phenomenon causes 

higher flow resistance. In addition, compared to the the k-Ů standard or 

k-ɤ turbulence models, it gives a velocity profile closer to the correct 

ones. 

Because of the Reynolds number of 5.7 Ĭ 104, the k- Ů realizable turbulence 

model was applied. (é)ò 

4/36 P. PrusiŒski | 01.12.2020 



ÅNon-planar vortices 
in steady-state RANS 
(converged) results! 

 

Why it made me so confused? 
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ÅWell, not exactlyΧ 

Did anyone tackle this problem before? (1/2)  

Khalil et al. (2010) Turbulent flow around single concentric long capsule in a pipe, Applied Mathematical Modelling, 34:8, 2000-2017, DOI:10.1016/j.apm.2009.10.014 
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ÅHowever, literature well-covers individual effects 

Did anyone tackle this problem before? (2/2)  
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Å Doubts concerning fundumental parameters of developed turbulent flow in 
annular geometry 

ï Brighton & Jones (1964): 
έWithin the accuracy of the experimental results, the zero Reynolds stress and 
maximum velocity occur at the same point.έ 

ï Rehme (1974) 
έThe non-coincidence between zero shear stress and maximum velocity, which 
had been assumed and measured in a few experiments, was clearly proved.έ 

ï Chung et al. (2002) 
έIt is interesting to note that the positions of zero total shear stresses are closer 
to the inner walls than those of the maximum velocitiesΦέ 

ï Boersma & Breugem (2011) 
αIn our direct numerical simulations we observe a coincidence of these points 
within the numerical accuracy of our model. It is shown that the velocity profile 
close to the inner annulus is logarithmic.έ 

 

Easy geometry ς proven results, right? 
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Nusselt Number in annular ducts 
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V. Gnielinski (2009) Heat Transfer Coefficients for Turbulent Flow in Concentric Annular Ducts, Heat Transfer Engineering, 30:6, 431-436, DOI: 10.1080/01457630802528661 
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Å[ŜǘΩǎ try some RANS modelling first! 

So what is really going on here? (1/6) 
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Å[ŜǘΩǎ try some RANS modelling first! 

So what is really going on here? (2/6) 

ȹT = 6K 
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ÅAnd the answer isΧ 

So what is really going on here? (3/6) 

12/36 P. PrusiŒski | 01.12.2020 



ÅNone of them? 

So what is really going on here? (4/6) 
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ÅSome candidates? 

So what is really going on here? (5/6) 
RANS model iterations 
SA VB VH 6322 
RKE EWT 6976 
RKE EWT1o23 8541 
RKE ML 9359 
KE RNG1 EWT1(2)o(1) 6825 
KOM SST o2 6726 
KOM SST o123ito1 6785 
k-kl-omega 6464 
RSM LPS 57081 
RSM BSL 11724 
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ÅOf course, but not without the drawbacks! 

So what is really going on here? (6/6) 
Interesting stripes, 

arenôt they? 
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