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Outline of the presentation

• Introduction to the issue

• 1D mathematical model of single screw ash 
cooler (SSAC)
– Heat and mass transfer equation

– Schlünder model

– Validation of the mathematical model

• Standard calculations

• Advanced calculations

• Summary 
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Introduction to the issue

Single screw ash cooler working with 
a circulating fluidized bed boiler

temperature of hot ash   ta,i   600 C

temperature of cold ash  ta,o  120 C
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Construction of the single screw ash cooler –
co-flow heat exchanger

1. inlet of hot ash, 2. inlet of hot ash from intrex; 3., 4.  inlets of cold 
water (coolant); 5. outlet of cold ash; 6., 7. outlets of hot water 

Introduction to the issue



Paweł Regucki, PhD.

Summer School with a Focus on Low Carbon Energy Technologies, 
26-31.08.2019, Biały Dunajec, Poland

Utilization of solar radiation -
PV panels and solar collectors

Wrocław University of Science and Technology
Faculty of Mechanical and Power Engineering

(5)

1D mathematical model
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Thermal balance between hot ash and cold water

 - density (w, a - water and ash, respectively)

C – specific heat of the materials

t – temperature ( i, o – at the inlet and outlet, respectively)

qv – volumetric flow rate (w, a - water and ash, 
respectively)

s, c – shaft (screw), casing 
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Dimensionless coefficient of filling the SSAC 
cross-section with ash - (n)

S – total area of screw

u – ash transport velocity 

n – rotation velocity of 

       the screw

d – screw pitch

1D mathematical model
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Dimensionless coefficient of filling - (n)

         sideway ash cooler                 middle ash cooler

1D mathematical model
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1D standard mathematical model
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Cross-section of the 
single screw ash cooler
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Schlünder model

Heat transfer coefficient for ash a

a – thermal 

                                                              conductivity of ash

where

T – time constant, n – rotation velocity, 

c, x – empirical parameters in the ash mixing model
the Conference IEEC 2026 
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• a = 0.7 W/(kgdeg)

• Ca = 1005 J/(kgdeg)

• b,a = 1021 kg/m3                     c = 4 

Schlünder model
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Numerical vs. experimental results

the Conference IEEC 2026 SSAC no. 1
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Numerical vs. experimental results

the Conference IEEC 2026 SSAC no. 2
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Standard vs. advanced model

standard advanced
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Standard vs. advanced model

the Conference IEEC 2026 SSAC no. 1
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Standard vs. advanced model

the Conference IEEC 2026 SSAC no. 2
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Summary
• The operating conditions of CFB boiler force the work of the SSAC heat 

exchanger with different fillings with ash. The ash filling characteristics (n)
is the individual curve for each SSAC obtained from experimental data. 

• The key element of the mathematical model is Schlünder model which 
defines a heat transfer coefficient for ash taking into account the local 
dynamic mixing process inside the ash cooler. The numerical results verify 
that the mixing model proposed by Schlünder correctly predicts the local 
value of the heat transfer coefficient for ash and confirm that this parameter 
plays a key role in the heat transfer processes inside the device.

• The movement of the ash inside the ash cooler takes place under the 
influence of a complex displacement involving both translational and 
rotational motion. The advanced approach to the heat exchange processes 
inside the ash cooler is more compatible with experimental data than 
the standard model.  

P. Regucki, R. Krzyżyńska and Z. Szeliga, Mathematical model for a single screw ash 
cooler of a circulating fluidized bed boiler, Powder Technology, 396 (2022), 
https://doi.org/10.1016/j.powtec.2021.10.044
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