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Recently Bar-Cohen et aL (1981) developed semi-empirical equations to predict bubble diameter 
using measured bubble frequency data. In the development they used different equations for 
bubble hold-up for slow and fast rising bubbles. In this note, available equations to predict 
bubble fraction in fluidized beds are re-examined and it is shown that a single equation is 
applicable to slow and fast rising bubbles. The presence of wake phase is not considered here. 
Though the wakes are responsible for the vigorous circulation of solids, their contribution to 
total gas flow can perhaps be neglected (Peters et al. 1982) for fast bubbles where bubble 
fraction is relatively small. 

Assuming Davidson & Harrison's (1963) model of a bubble, Bar-Cohen et aL (1981) 
following Kunii & Levenspiel (1969) related bubble fraction to bubble rise velocity through 
material balance equations. For slow bubbles they obtained 

uo = 8(Ub + 3U.,/) + (I -- 8)U.,/ [1] 

where uo is the inlet superficial velocity; 8 is the bubble fraction; Us is the absolute bubble rise 
velocity; and urn/is the minimum fluidization velocity. 

For very fast bubbles the following relationship was used 

Uo = 8us + (1 - 8)u,. 1. [2] 

This equation also suggests the existence of a bubble phase at a velocity us and dense phase 
with gas velocity, u I (= u,l/e,,/, where ~,,l is the porosRy of minimum fluidization). However, 
the dense phase consists of cloud phase and possibly emulsion phase. The gas in emulsion 
travels up at u/. In the cloud, due to the downward flowing recirculating gas the actual upward 
velocity uc will be different from u i. For example, when the cloud size is not restricted by 
vessel dimensions, gas in the cloud travels up at absolute bubble rise velocity as and not u/ 
(Fryer & Potter 1972, Bukur 1978). 

In view of the above, the existing equations describing material balance of gas under cloud 
formation are re-examined. 

PRESENT ANALYSIS 

Depending upon the size of bubbles the possible cases are 
Case 1. Slow bubbles with no cloud. The overall gas balance for this case is given in [1]. 
Case 2. Bubbles, clouds and emulsion exist together in the bed. Here cloud size is not 

restricted by vessel dimensions and is given by (Viswanathan & Rao 1980; Peters et ~!. 1982) 

[3 = 3 a i [ ( u  s - u f ) .  [3] 

The original equation obtained by Davidson & Harrison (1963) for an isolated bubble contained 
ub, instead of us in [3]. For a swarm of bubbles we use Ub in [3] so that the gas velocity in the 
cloud becomes equal to Ub (see [6] and the following discussion). 
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UPWARD VELOCITY OF GAS IN CLOUD 

Since the velocity of gas circulating between cloud and bubble is 3 u,,! inside the bubble, this 
recirculating gas moves down in cloud at a velocity equal to 3u,,f/(~e,,t) where era/is also the 
porosity of cloud. There has to be upward moving gas in cloud, at u~, to keep the particles in a 
suspended state. For the particles in cloud to be at minimum fluidization, the condition to the 
satisfied is 

_ 

u~ (/3era/) e./ [4] 

or 

Uo - -  u/(1 + 31~). [5] 

For case 2, from [3] and [5] 

Since the downward moving recirculating gas in cloud ultimately moves up in bubble it does not 
contribute for any net upward or downward flow. Hence the net upward gas velocity due to 
cloud is uc given by [6]. It may be pointed out that [6] has in fact been used by investigators 
who in their models divided the bed into bubble, cloud-wake and emulsion phases (e.g. Fryer & 
Potter 1972). However, if Ubr instead of Ub had been used in [3] then [5] would have yielded uc 
to be equal to Ubr which is incorrect (Fryer & Potter 1972; Viswanathan & Rao 1980; Peters et 
al. 1982). 

Now an overall gas balance yields 

Uo -- SUb + ~.lUc 4- (I -- B -- ~)Uml. [7] 

Equations [3], [61 and [7] simplify to [11. 
Thus, for both the cases of slow and fast rising bubbles the gas balance is given by [1] which 

can be expressed for bubble fraction as 

8 = (Uo- U,,I)I(Ub + 2Urn/). [8] 

Hence, Bar-Cohen et aL's (1981) equation for slow rising bubbles should be applicable to all 
cases and different equations should not be used. 
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