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ABSTRACT 
 
 The final step in the safety analysis is the investigation of the fulfilment of the 
acceptance criteria using hot channel calculations. Recently, there has been under way at Paks 
NPP to introduce a new, higher enriched (4.2 %) fuel type containing Gd burnable poison. To 
do that, for some transients the DBA analyses must be repeated and last year, as one of the 
first steps in this process, it was needed to review the hot channel calculation methodologies 
used in the analyses.  
 The goal of the paper is to summarize some aspects of the hot channel calculation 
methodologies using different lattice pitches and different fuel types (Gd or non Gd and 
different enrichments). Mainly, three topics are discussed. First, the influence of the radial 
power distribution (and other burnup dependent parameters) inside the fuel pin are 
investigated, and then we discuss the problem of the selection of the appropriate `frame 
parameter` in connection with the initial power level at the initial stationary state of DBA 
transients. Finally, we are trying to answer the question: is it possible to build up a 
conservative single closed sub-channel approach against multi channel approach? 
 

1. INTRODUCTION 
 

In the safety analyses, the final goal is to investigate the fulfillment of the acceptance 
criteria for the Anticipated Operational Occurrences (AOOs) and Design Basis Accidents 
(DBAs). The calculations are performed in two steps. 

Firstly, assembly-wise neutronic or/and thermo-hydraulic system calculations are 
performed although the assembly-wise results (power, temperatures, pressures, etc.) are not 
enough to the evaluation of the acceptance criteria. For this purpose, further calculations are 
needed and hot channel codes are used. There are existing hot channel calculations 
methodologies which were elaborated and used in former licensing applications of NPP’s, 
however Paks NPP decided to introduce new, higher enriched (average enrichment is 4.2 %) 
fuel type containing Gd burnable poison, and slightly different geometry (e.g. longer active 
length of fuel rods). It was also decided that the DBA analyses must be repeated for some 
transients. Therefore it was needed to review the hot channel calculation methodologies. 
Additionally, some former investigations concerning the hot channel calculation 
methodologies were done only for the fuel pins in lattice pitch of 12.2 mm (the new lattice 
pitch is 12.3 mm) 
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The goal of the paper is to summarize some aspects of the hot channel calculation 
methodologies (mostly in the point of view of DNB calculation) using different lattice pitches 
(12.2 mm or 12.3 mm) and different fuel types (profiled 3.82 % or 4.2 % Gd): 
 1. Influence of the radial power distribution (and other burnup dependent parameters) 
 inside the fuel pin  
 2. Selection of the appropriate `frame parameter` in connection with the initial power 
 level at the initial stationary state of transients 
 3. To answer the question: is it possible to build up a conservative single closed sub-
 channel approach against multi channel approach 
 

2. INFLUENCE OF THE RADIAL POWER DISTRIBUTION (AND OTHER BURNUP 
DEPENDENT PARAMETERS) INSIDE THE FUEL PIN 

 
 In a former investigation, detailed pin cell transport calculations (taking into account 
the space dependent resonance shielding and burnup effects with fuel temperature feed-back) 
were performed by the MUFURC code [1] for the Russian fuel type with an average 
enrichment of 3.82 %. One of the results of these calculations was the radial power 
distribution at different average pellet burnup levels (see Fig. 1).  
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Figure 1: Radial power distributions from the MUFURC module at different average pellet 

burnup levels, 3.82 % average enriched fuel 
 
 Using this distribution and the detailed heat transfer module (taking into account the 
space-dependent burnup and heat conductance) of the KIKO3D code [6, 7] sensitivity 
investigations were performed [2]. The main conclusions were that in the hot channel 
calculations it is necessary to take into account (in the point of view of DNB calculation) the 
radial power distribution and its burnup dependence, as well as the burnup dependence of the 
gap conductance. 
 Recently, detailed pin cell transport calculations (using MUFURC code) have been 
performed for the fuel pin containing Gd (Gd fuel), as well. In Fig 2 the burnup dependent 



radial power distribution are given for the 4.2 % average enriched fuel in case of containing 
Gd. 
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Figure2: Radial power distributions from the MUFURC module at different average pellet 

burnup levels, 4.2 % average enriched fuel in case of containing Gd 
 

 It can be seen that the latter one differs from the distribution calculated for the non Gd 
fuel (not containing Gd) and the differences can be explained by the different burnup 
processes in the two cases (Gd or non GD fuel). Of course, other parameters (like gap 
conductance, pellet heat conductance, etc.) are changed. That is one reason why we have 
decided to renew the sensitivity investigations.  
 Another reason was that we wanted to use not only detailed heat transfer models but 
detailed hydraulics in the sensitivity calculations, as well. To do that the TRABCO code [3] 
was selected and the respective power distributions were built into the code.  
 Two types of transients were selected: ATWS (CR withdrawal) starting from FP BOC 
state (calculated by the coupled ATHLET/KIKO3D code [5]) and Control Rod Ejection 
(CRE) starting from EOC HZP state (calculated by the three-dimensional KIKO3D code [6, 
7]) and for these transients similar investigation were done as earlier. However, in recent 
investigations more parameters (heat transferred into the coolant (QLE), min. DNBR, max. 
fuel temperature, max. cladding temperature) were taken into account. The calculated results 
are given in Table 1, 2 and 3 and Table 1 and 2 show such cases when DNB does not occur 
and Table 3 shows such a case when DNB occurs in the correct base case. Additionally, in the 
correct base case (in EOC state) the burnup was 20000 MWd/tU (taking into account the high 
power level used in the safety analyses this is a typical creditable burnup value) in the point of 
view of radial power distribution and other burnup dependent parameter was selected near 
that value. Note that an exception was the gap conductance in case of Gd fuel because the 
conservative gap conductance is approximately at 11000 MWd/tU which is relatively far from 
20000 MWd/tU burnup value. In case of ATWS, as you can see from Table 1, - the 
approximations concerning the burnup dependent parameters and consequently the burnup are 
not playing an important role. 



 However, in HZP case it can be explicitly seen how different conclusions can be get 
using different approximations. E.g., Table 2 shows that if we use flat power distribution 
inside the fuel pellet we can get a min. DNBR value of 2.440 (in case of Gd fuel) and the 
conclusion is that we are far from the safety limit (1.33) and everything is ok. However, in the 
correct base case the min. DNBR is 1.476, almost we reached the DNBR limit (Table 3 shows 
such a case), and of course, if we reach the DNBR limit the max. clad temperature can be 
more higher than in case if there is no DNB (see Table 3). The same observation can be seen 
using correct gap conductance or gap conductance corresponding to zero burnup. Note that 
the highest differences and consequently the highest effect can be observed in case of DNBR. 
 
Beyond the above ones the following conclusions can be said: 

• Flat power distribution in the pellet leads to too small heat transferred into the coolant 
(consequently to non-conservative DNBR values) in case of fast transients (e.g. CRE). 

• Power distribution corresponding to zero (or low) burnup also leads to non-
conservative heat transfer values (consequently to non-conservative DNBR values) in 
case of fast transients. 

• 20 % increase of the pellet heat conductance leads to negligible error. 
• Using gap conductance corresponding to zero burnup level leads to non-conservative 

heat transfer (consequently to non-conservative DNBR values) results in case of fast 
transients. 

• In case of slow transients (investigated ATWS), the influence of the studied 
approximations is negligible. 

• The above conclusions are valid for both fuel types (Gd or non Gd fuel) but some 
differences can be seen in magnitude of effects (mainly due to the different radial 
power distributions) 

 
Table 1: Maximum values of the heat transferred to the coolant (QLE in W/cm) in case of 
different approximations and transients, and deviations (in percents) from the base case 

 
Approximations concerning 

the burnup dependent 
parameters 

FP BOC  
CR with- 
drawal 

(ATWS) 
QLE [W/cm] 

(∆Q [%]) 

HZP EOC CRE 
 

QLE [W/cm] 
(∆Q [%]) 

 

 Gd fuel Non Gd 
fuel 

Gd fuel Non Gd fuel 

Correct base case 356.0 356.5 991.8 891.3 
Flat power distribution 355.9 

(-0.03) 
356.5 
(0.00) 

594.1 
(-40.10) 

601.7 
(-32.49) 

Increased pellet heat 
conductance λ • 1.2 

356.6 
(0.17) 

357.0 
(0.14) 

995.8 
(0.40) 

905.0 
(1.54) 

Radial power distribution 
according to the zero burnup 

356.0 
(0.00) 

356.5 
(0.00) 

901.9 
(-9.06) 

641.3 
(-28.05) 

Increased gap conductance 
µ • 1.2 

356.1 
(0.03) 

356.6 
(0.03) 

1055.0 
(6.37) 

940.9 
(5.56) 

Gap conductance according to 
the zero burnup 

356.4 
(0.11) 

356.6 
(0.03) 

558.5 
(-43.69) 

495.8 
(-44.37) 

 



Table 2: Maximum values of the selected parameters in case of different approximations, and 
deviations (in percents) from the base case, HZP EOC CR, DNBR limit = 1.33 
Approxima-

tions 
concerning 
the burnup 
dependent 
parameters 

QLE [W/cm] 
(∆Q [%]) 

 
 

Min. DNBR 
(∆DNBR [%]) 

 
 

Max. Tfuel 
(∆Tf [%]) 

 
 

Max. Tclad 
(∆Tc [%]) 

 
 

 Gd 
fuel 

Non 
Gd 
fuel 

Gd fuel Non 
Gd fuel 

Gd fuel Non 
Gd 
fuel 

Gd 
fuel 

Non 
Gd 
fuel 

Correct base 
case 

991.8 891.3 1.476 1.642 760.3 769.5 336.5 337.0 

Flat power 
distribution 

594.1 
(-40.1)

601.7 
(-32.5) 

2.440 
(+65.3) 

2.417 
(+47.2) 

815.1 
(+7.21) 

813.0 
(+5.7) 

334.8 
(-0.5) 

334.7 
(-0.7) 

Increased 
pellet heat 
conductance 
λ • 1.2 

995.8 
(+0.4) 

905.0 
(+1.5 ) 

1.468 
(-0.5) 

1.615 
(-1.6) 

753.2 
(-0.9 ) 

761.7 
(-1.0) 

336.5 
(+0.0) 

337.0 
(+0.0) 

Radial 
power 
distribution 
according to 
the zero 
burnup 

901.9 
(-9.1) 

641.3 
(-28.1) 

1.620 
(+9.8) 

2.265 
(+37.9) 

756.9 
(-0.5 ) 

800.4 
(+4.0) 

335.0 
(-0.5) 

336.5 
(-0.2) 

Increased 
gap 
conductance 

µ • 1.2 

1055.0 
(+6.4) 

940.9 
(+5.6) 

1.393 
(-5.6) 

1.562 
(-4.9) 

759.3 
(-0.1 ) 

768.7 
(-0.1) 

336.7 
(+0.1) 

337.3 
(+0.1) 

Gap  
conductance 
according to 

the zero 
burnup 

558.5 
(-43.7)

495.8 
(-44.4) 

2.576 
(+74.5) 

2.897 
(+76.4) 

768.4 
(+1.1) 

777.2 
(+1.0) 

334.1 
(-0.7) 

334.5 
(-0.7) 

 
Table 3: Maximum values of the selected parameters case of different approximations, and 
deviations (in percents) from the base case, HZP EOC CR, DNBR limit = 1.33 

 
Approxima-tions 

concerning the burnup 
dependent parameters 

 
QLE [W/cm] 

(∆Q [%]) 
 
 

 
Min. 

DNBR 
(∆DNBR 

[%]) 

 
Max. Tfuel 
(∆Tf [%]) 

 
 

 
Max. Tclad 
(∆Tc [%]) 

 
 

Correct base case 1082. 1.308 905.0 707.1 
Flat power distribution 841. 

(-22.3) 
1.700 

(+30.0) 
947.5 
(+4.7) 

336.2 
(-52.5) 

Flat power distribution + 
Gap conductance 

according to the zero 
burnup 

535. 
(-50.6) 

2.613 
(+99.8) 

953.6 
(+5.4) 

334.3 
(-52.7) 



 
3. APPROPRIATE ‘FRAME PARAMETER’ FOR THE INITIAL STATIONARY POWER  

 
 In the safety analyses, the nodal-wise power history is usually multiplied by the kx hot 
channel factor (taking into account the radial power distribution inside the fuel assembly). In 
the conservative methodology the kx is determined at the initial stationary state using the 
`frame parameter concept` (the safety analysis must be valid for many reloading patterns). 
Usually, there is two type frame parameter (limitation) for the initial stationary power. The 
first one is always the maximum linear heat rate (325 W/cm at BOC FP and decreasing with 
the burnup), and the second one - in association with the heating up of the coolant – is either 
the maximum pin power or the maximum sub-channel outlet temperature. Which one is the 
appropriate choice?  
 To answer the question multi channel calculations are needed and e.g. the COBRA 
code [4] can be used. In the past, this topic was already investigated, but only for the fuel type 
with a lattice pitch of 12.2 mm. Now the situation is changed. Firstly, the pin-wise power 
distributions inside the fuel assembly - due to the Gd pins – changed in a great extent. 
Secondly the lattice pitch is already 12.3 mm. Therefore, it was necessary to renew the 
calculations for the fuel assembly containing Gd burnable poison, as well. 
 
The following cases were investigated (for the sake of completeness, we will give the former 
results, as well): 
 

• Case1: lattice pitch is 12.2 mm, average enrichment is 3.82 % 
• Case2: lattice pitch is 12.3 mm, average enrichment is 4.2 % with Gd, slightly longer 

active length of fuel rods 
Further sub-cases can be get using the representative power distributions (in Case 2 at BOC) 
calculated by the SADR module of KARATE [1] code system: The following distributions 
were selected: maximum pin power is in the corner (a) or at the outermost row (b) of pins or 
at the row next to the outermost one (c). So we can get: 
      - Case 1a, Case 1b, Case 1c 
      - Case 2a, Case 2b, Case 2c 
Additionally, the selected transient was an ATWS event (control rod group withdrawal 
without scram) for a VVER -440 reactor (limitations for the transients: great amount of steam 
is producing!) modeled with two stationary state:  
     - initial stationary state 
     - `flat power` state of the transient, that was also modeled by stationary state characterized 
by such a power which was calculated so that the initial power was multiplied by (80/53 in 
Case 1) or (88/55 in Case 2) 
Further sub-cases are coming from the initial limitations: 
    - hot-channel Outlet Temperature (as frame parameter) limitation before the transient (at 
the initial state) (OT) (the initial power is coming from the condition that the limit for the 
outlet temperature is just to be reached) 
    - maximum Pin Power limitation (as frame parameter) before the transient (at the initial 
state) (PP), 53 kW in case 1, 55 kW in case 2 
 
Finally, 4 set of calculations can be get: 
       - Case 1aOT, Case 1bOT, Case 1cOT 
       - Case 1aPP, Case 1bPP, Case 1cPP 
       - Case 2aOT, Case 2bOT, Case 2cOT 
       - Case 2aPP, Case 2bPP, Case 2cPP 



 
The COBRA calculation results can be seen in Figs. 3-6.  

 

 
Figure 3: Minimum DNBR values for different Kk values (relative pin power peaking 

inside the assembly), Case 1aOT, Case 1bOT, Case 1cOT, Hot-channel Outlet 
Temperature (as frame parameter) limitation before the transient (at the initial state) (OT) 

 

 
Figure4: Minimum DNBR values for different Kk values (relative pin power peaking 

inside the assembly), Case 2aOT, Case 2bOT, Case 2cOT, Hot-channel Outlet 
Temperature (as frame parameter) limitation before the transient (at the initial state) (OT) 

 
 

 



 
Figure5: Minimum DNBR values for different Kk values (relative pin power peaking inside 
the assembly), Case 1aPP, Case 1bPP, Case 1cPP, Maximum Pin Power limitation (as frame 

parameter) before the transient (at the initial state) (PP) 
 

 
Figure6: Minimum DNBR values for different Kk values (relative pin power peaking inside 
the assembly), Case 2aPP, Case 2bPP, Case 2cPP, Maximum Pin Power limitation (as frame 

parameter) before the transient (at the initial state) (PP) 
 
 

The results presented reflect the influence of three important physical processes: 
• Blockage (increased hydraulic resistance) of the hot sub-channel and as a consequence 

increased flow redistribution due to the smaller density or/and the void content of the 
coolant. 



• More effective cooling of the fuel pins next to the assembly wall due to the mixing 
from the unheated sub-channels. This effect is less dominant in case of the above 
mentioned blockage. 

• More effective cooling of the hot fuel pin in case of larger relative power peaking 
factors in the assembly due to the more dominant mixing from the less heated sub-
channels. This effect is also less dominant in case of blockage. 

• In the frame parameter concept, these physical processes are important both for the 
initial and for the most disadvantageous phase of the transient if the sub-channel 
limitation is used. It must be noted that the advantageous mixing effects are more 
dominant at the initial phase because of the smaller influence of the blockage.  

 
The main conclusions concerning the selection of the appropriate enveloping “frame 
parameter” of the safety analyses for different lattice pitches and fuel types (Gd or non Gd) 
are as follows: 
 

• The maximum pin power is the appropriate frame parameter. 
• In case of selection of the maximum pin power as the frame parameter, the flat power 

distribution (Kk=1) inside the fuel assembly is a conservative approach. 
 
 

4. IS IT POSSIBLE TO BUILD UP A CONSERVATIVE SINGLE CLOSED SUB-
CHANNEL APPROACH AGAINST MULTI CHANNEL APPROACH 

 
 It is known that - because of coolant mixing between the neighboring sub-channels - 
the single closed sub-channel approach can be non-conservative. However, we wanted to use 
the TRABCO [3] code (which applies also closed sub-channel approach) in hot channel 
calculations from various reasons. E.g. in TRABCO code we are able to take into account the 
radial power distribution. Another reason is that we have good experiences with the TRABCO 
code and it is connected to the results of KIKO3D [6, 7] or to the results of 
ATHLET/KIKO3D code [5] in an easy way. 
 
In the past, this topic was also investigated and due to similar reasons as it was said in the 
previous chapter it was necessary to renew the investigations. 
 
In the followings, we will compare the single (closed) channel and the multi-channel (with 
mixing) results using COBRA code [4] and it must be mention that in case of multi-channel 
calculations flat power distribution is applied (see the conclusions of Chapter 3). 
The following cases were investigated: 
 

• Case1: lattice pitch is 12.2 mm 
• Case2: lattice pitch is 12.3 mm, slightly longer active length of fuel rods than  
 in Case 1 

 
The results are given in Table 4-8. 
 
 
 
 
 
 



Table 4: Thermal hydraulic characteristics of the hot channel at the initial state (53 kW pin 
power), Case 1 
 COBRA single

channel 
calculation 

 COBRA single channel
calculation with 2%
decrease of the flow area 

 COBRA multi-channel 
calculation with mixing 

Pressure drop 2.185 [bar] 2.185 [bar] 2.185 [bar] 
Inlet flow rate 2598 [kg/m2/s] 2601 [kg/m2/s] 2599 [kg/m2/s] 
Outlet temperature 597.6 [K] 598.7 [K] 598.7 [K] 
Outlet quality -0.006 0.000 0.000 
Outlet void content 0.000 0.000 0.000 
DNBR min 3.012 (+2.5 %) 2.965(+0.7 %) 2.946 
 
Table 5: Thermal hydraulic characteristics of the hot channel at the initial state (55 kW pin 
power), Case 2 
 COBRA single

channel 
calculation 

 COBRA single channel
calculation with 2%
decrease of the flow area 

 COBRA multi-channel
calculation with mixing 

Pressure drop 2.149 [bar] 2.149 [bar] 2.149 [bar] 
Inlet flow rate 2565 [kg/m2/s] 2564 [kg/m2/s] 2564 [kg/m2/s] 
Outlet temperature 598.4 [K] 598.9 [K] 598.7 [K] 
Outlet quality 0.000 0.000 -0.005 
Outlet void content 0.000 0.000 0.000 
DNBR min 3.000 (0.8 %) 2.977(0.03 %) 2.976 
 
Table 6: Thermal hydraulic characteristics of the hot channel at the maximum power of the 
ATWS (80 kW pin power), Case 1 
 COBRA single

channel 
calculation 

 COBRA single channel
calculation with 2%
decrease of the flow area 

 COBRA multi-channel 
calculation with mixing 

Pressure drop 2.185 [bar] 2.185 [bar] 2.185 [bar] 
Inlet flow rate 2345 [kg/m2/s] 2331 [kg/m2/s] 2445 [kg/m2/s] 
Outlet temperature 598.7 [K] 598.7  [K] 598.7 [K] 
Outlet quality 0.176 0.189 0.183 
Outlet void content 0.584 0.601 0.593 
DNBR min 1.157(+4.5 %) 1.107(+0.1 %) 1.108 
 
Table 7: Thermal hydraulic characteristics of the hot channel at the maximum power of the 
ATWS (88 kW pin power), Case 2 
 COBRA single

channel 
calculation 

 COBRA single channel
calculation with 2%
decrease of the flow area 

 COBRA multi-channel 
calculation with mixing 

Pressure drop 2.149 [bar] 2.149 [bar] 2.149 [bar] 
Inlet flow rate 2273 [kg/m2/s] 2263 [kg/m2/s] 2347 [kg/m2/s] 
Outlet temperature 599.7 [K] 599.7 [K] 599.7 [K] 
Outlet quality 0.237 0.245 0.220 
Outlet void content 0.630 0.637 0.633 
DNBR min 0.937(2.4 %) 0.914(-0.1 %) 0.915 
 



Table 8: Thermal hydraulic characteristics of the hot channel at the maximum power of the 
ATWS (88 kW pin power) 
 COBRA 

single channel
calculation 

 single channel
calculation with
1% decrease o

COBRA 
 
 

f 

single channel
calculation with
2% decrease o

the flow area 

COBRA 
 
 

f 

multi-channel 
calculation with 
mixing 

the flow area 

COBRA 

Lattice pitch: 
12.3 mm 

    

Pressure drop 2.149 [bar] 2.149 [bar] 2.149 [bar] 2.149 [bar] 
Inlet flow rate 2273 [kg/m2/s] 2263 [kg/m2/s] 2252 [kg/m2/s] 2347 [kg/m2/s] 
Outlet flow rate 2273 [kg/m2/s] 2263 [kg/m2/s] 2252 [kg/m2/s] 2084 [kg/m2/s] 
Outlet temperature 599.7 [K] 599.7 [K] 599.7 [K] 599.7 [K] 
Outlet quality 0.237 0.245 0.255 0.220 
Outlet void content 0.630 0.637 0.646 0.633 
DNBR min 0.937 (2.4 %) 0.914 (-0.1 %) 0.887 (-3.1 %) 0.915 
Lattice pitch: 
12.2 mm 

    

Pressure drop 2.149 [bar] 2.149 [bar] 2.149 [bar] 2.149 [bar] 
Inlet flow rate 2239 [kg/m2/s] 2231 [kg/m2/s] 2220 [kg/m2/s] 2355 [kg/m2/s] 
Outlet flow rate 2239 [kg/m2/s] 2231 [kg/m2/s] 2220 [kg/m2/s] 1950 [kg/m2/s] 
Outlet temperature 599.7 [K] 599.7 [K] 599.7 [K] 599.7 [K] 
Outlet quality 0.264 0.272 0.281 0.250 
Outlet void content 0.654 0.661 0.668 0.662 
DNBR min 0.861 (4.8 %) 0.840 (2.3%) 0.816 (-0.7%) 0.821 
 
The conclusions concerning the conservatism of the single closed sub-channel approximation 
are as follows. 

• The single channel calculation is slightly non-conservative due to the blocking effect 
of the void and the flow redistribution. 

• 2 % decrease of flow area in case of lattice pitch with 12.2 mm and 1 % decrease of 
flow area in case of lattice pitch with 12.3 mm in the single channel calculation is an 
appropriate conservative approach. 

 
4. SUMMARY 

 
 In case of investigations of the influence of the radial power distribution (and other 
burnup dependent parameters) inside the fuel pin, we showed how different (misleading) 
conclusions can be get using different approximations. It was also concluded that it is 
important to take into account the burnup dependent radial power distribution inside the fuel 
pin and the burnup dependent gap conductance in the hot channel calculations in case of fast 
transients (e.g. CRE transients).  
 Using different lattice pitches (12.2 mm or 12.3 mm) or different fuel types (Gd or non 
Gd) it turned out that the maximum pin power is the appropriate frame parameter in the safety 
analyses, and if we select the maximum pin power as the frame parameter than the flat power 
distribution inside the fuel assembly is a conservative approach. 
 Finally, we compared the single closed sub-channel approach against multi channel 
approach for some cases. It was concluded that if we use flat power distribution inside the 



assembly than the single channel calculation is slightly non-conservative due to the blocking 
effect of the void and the flow redistribution. It was also pointed out that 2 % decrease of flow 
area in case of lattice pitch with 12.2 mm and 1 % decrease of flow area in case of lattice 
pitch with 12.3 mm in the single channel calculation is an appropriate conservative approach 
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