
43Prace Naukowe IICh PAN, 23, 43÷54 (2019)
 

 

 

KATARZYNA SINDERA, , ANNA GANCARCZYK, MARZENA 

IWANISZYN, TADEUSZ KLESZCZ,  

ADOWEJ 

TURALNE  

Z WYKORZYSTANIEM UOG

 (GLE) 

-100 Gliwice 

ruktura sinusoidalna, siatka dziana, 

-

Equation, GLE). 

owe: 

 

 

The paper presents estimation of the viscous and inertial friction components for structured catalyst carri-

ers such as: sinusoidal short-channel structure, knitted wire gauze, ring-rosette structure. Calculations 

based on the experimental results of pressure drop and Nusselt numbers applying the Generalised 
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(centrum aktywnego) w wyniku dyfuzji do powierzchni 

katalizatora (wnikania masy). Mieszanina 

– proporcjonalnego  
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w . 

 
-  

2 - narnego, 3 - - zawirowania w prze-

-  

Fig. 1. Differences between laminar and turbulent flow formation: 1 - channel inlet, 2 - developing lami-

nar flow, 3 - developed laminar flow, 4 - eddies in turbulent flow, 5 - laminar sublayer in turbulent flow 
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zale  

w postaci [4]: 

= 1,615 ( )  (1) 

 

od 0 do L) dla  

hydrodynamicznie  laminarnego (paraboliczny rozwijaj

, por. r  

Re o-

L r-

   

 = 0,404 (4 )  (2) 

gdzie  f  xf  - 

, 

  

a-

niem GLE. 

 2. METODYKA POMIAROWA 

2.1. TESTOWANE STRUKTURY 

-roz

-  

w pracy [12] pod numerem 7B. 
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[12-14]. Badane struktury przedstawiono  

na Rys. 2. 

 
Rys. 2. Badane struktury: A - siatka dziana, B - - struktura 

-rozetkowa 

Fig. 2. Structures studied: A - knitted wire gauze, B - short-channel sine structure, C - ring-rosette  

structure 

L jest tu charakterystycznym 

d jej charakterystycznym wymiarem po-

przecznym. 

Tabela 1. Wymiary charakterystyczne badanych struktur 

Table 1. Characteristic dimensions of structures studied 

2.2. APARATURA POMIAROWA 

Schemat aparatury pomiarowej zastosowanej w badaniach siatki dzianej i struktury 

ys. 3.  Badane struktury (siat-

grzewano  

y-

malnym Imax o-

 

-  po jej  wlotowe

~ 0,2 - s
-1

.  [15, 16].  

 

 

Struktura d, mm L, mm  Sv, m
2 -3 

Siatka dziana 2,85 0,66 0,97 1355 

idalna 1,52 5 0,90 2383 

-rozetkowa 26 10 0,96 918 



47
 

 

, mm  

66 0,97 

idalna  0,90 

rozetkowa 10 0,96 

 

 

 

 

 
Rys. 3. Aparatura pomiarowa: 1 - - rotametr, 3 - reaktor testowy, 4 -  

i - badana struktura, 6 - termopary, 7 - etwarzania 

i gromadzenia danych 

Fig. 3. Experimental setup: 1 – blower, 2 – rotameter, 3 – reactor, 4 – electric power generation and con-

trol system, 5 – specimen, 6 – thermocouple, 7 – data acquisition system 

- e-

o-

 wymia-

a-

cy [12]. 

2.3. OPRACOWANIE WYN  

 

=  (3) 

gdzie: h-  - s-

w-

nanie Darcy-Weisbacha: 

 = 2  (4) 

xf

Hawthorna [17]:  

= (1 +
,

) ,  (5) 

=  (6) 
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gdzie:  L
+
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3. WYNIKI 

o-

f  

         

Nu od Re o-

- siatki dzianej, B - -

rozetkowej, C- struktury  

Fig. 4. Comparison of experimentally derived Nu vs Re relationships (solid dots) with those calculated 

using GLE (white triangles) for: A - knitted wire gauze, B - ring-rosette structure, C - short-channel sine 

structure 
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xf, d-

stawiono na r  

Reynoldsa dla siatki dzianej oraz -rozetkowej. W przypadku 

 prawie 100% przy Re 

xf  ze wzrostem Re - 30 %. 

-rozetkowej jest niewielki, w grani-

cach 1 - 5%, z uwagi na znaczne opo

 

 
Rys. 5. xf  od liczby Reynoldsa Re dla badanych struktur 

Fig. 5. Share of the viscous fraction xf  vs Reynolds number Re for the structures tested 
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Rys. 6.  (f xf)  w funkcji Re dla badanych struktur 

Fig. 6. Viscous friction component (f xf)  vs. Re for tested structures 

(liczby Reynoldsa) na y-

wu (f xf) a-
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Rys. 7.f vs. Re  dla zbadanych struktur: A - siatki dzianej, B -  -rozetkowej, C - a-

 

Fig. 7. f vs. Re for tested structures: A - knitted wire gauze, B - ring-rosette, C - short-channel sine 
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OZNACZENIA - SYMBOLS 

d -  

  channel diameter 

f -  

  Fanning friction factor 

h  – m-2 K-1  

   heat transfer coefficient  

L -  

  channel length 

Nu  – -1  

  Nusselt number  

Pr  – liczba Prandtla, =cp
-1  

   Prandtl number  

Re  – liczba Reynoldsa, -1  

   Reynolds number  

Sv - 2 m-3 

  specific surface area 

w – s-1  

   superficial fluid velocity 

xf -  

  wall or skin friction 

 -  

  porsity 

 -  

  viscosity 

 – wspó m-1 K-1  

   thermal conductivity  

 - -3 

  density 
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K. SINDERA, M. K , A. GANCARCZYK, M. IWANISZYN, T. KLESZCZ, A. K  

ESTIMATION OF THE VISCOUS AND INERTIAL FRICTION COMPONENTS OF THE FLOW 

RESISTANCE FOR STRUCTURED INTERNALS USIN VÊQUE 

EQUATION  

The vast majority of chemical reactions are catalytic processes playing important role in chemical 

industry and in related fields such as pharmacy, environmental protection, energy and transport. Catalysts 

provide lower activation energy of the chemical transformation resulted in increased the rate of chemical 

reaction. In gas-phase reactions, the catalyst is most often deposited on a solid support (carrier) filling the 

reactor. The catalyst carrier can be, for example, packed bed or ceramic monolith (e.g. automotive cata-

lytic converters). The choice of catalyst support for the chemical reaction is not accidental and should be 

preceded by both technological and economic analysis. The technological analysis consists in determining 

the heat and mass transport coefficients to the catalyst surface as well as the flow resistance. Pumping 

energy, consequence of the flow resistance, is in turn an important part of the economic analysis. In addi-

tion, an important element of the economic balance is the cost of cooling or heating the gas streams. 

In chemical engineering, momentum, heat and mass transport analogy is the state of the art. However, 

this approach has serious limitations, because only the viscous friction component of the flow resistance 

should be used to calculate the transport coefficients. This paper focuses on the heat transport calculations 
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based on the flow resistance. Three types of catalytic supports were analyzed: the knitted wire gauze, the 

sinusoidal short-channel structure and the ring-rosette structure (Fig. 2). The calculations presented are 

limited to the laminar flow simultaneously developing thermally and hydrodynamically. The results 

presented in the work were obtained based on the GLE (Generalized Lévêque Equation) (2). The GLE 

equation applies to hydrodynamically and thermally developing flow in a channel with a circular cross-

section and a constant temperature at the wall. The essence of the presented results is the assumption that 

the flow through the gauze, rosette and u-shaped ring or sinusoidal channel can be approximated by flow 

through a capillary with hydraulic diameter is calculated based on the dimensions of investigated carriers. 

In the developing laminar flow, length of the channel is the key parameter. In the case of ring-rosette 

structure, the channel length is the high of ring and rosette, in other cases it is the length of the structure. 

The experimental values of the Nusselt number were used to determine the value of the viscous compo-

nent of the Fanning friction factor using the transformed GLE equation (2). Obtained values of the fric-

tion factor agree very well with the data obtained from the Hawthorn equation (5) (cf. Fig. 4). Hawthorn 

equation is a semiempirical equation describing the average value of the Fanning friction factor  

as a function of the Reynolds number and dimensionless channel length, L+(6). These results confirm that 

the simplifying assumptions used for the Nusselt number calculations are valid for the studied structures.  

In the next step, the percentage share of the viscous flow resistance was determined using experi-

mental values of the friction factor and Nusselt number as well as the GLE equation (2). The results show 

that, in the case of wire gauze, viscous resistance constitute above 90%. However, for ring-rosette struc-

ture it is just a few percent, and for the sinusoidal structure approximately 30-40%.  

The obtained results indicate that among analyzed catalyst supports, knitted wire gauze is the best 

choice in the case of gas phase reactions, because it allows obtaining high values of transport coefficients 

simultaneously minimizing inertial resistances. 
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