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1. Introduction

The gas flow pattern is one of most factors influenced on ESP performance. From the White
times [1] up to day the knowledge in this matter changed diametrically. The uniform gas flow
occurs in the last decade not entirely good for ESP high performance. The properly formed
"skew" flows become one of significance in ESP efficiency improvement [ 2-7].

The paper presents a computer analysis of the ESP efficiency whilst the gas flow and
reentrainment has changed. It occurs the correlation between gas flow patterns and dust
reentrainment.

2. Model of phenomena

The four zones ESP have been analysed. To study the effect of gas flow distribution on
ESP performance a discrete three- dimensional model of each treatment zone has been
assumed ( see fig. 1). Each element of model performs according Deutsch - Anderson formula.
In the earlier paper the operation of this model has been explained [5].

Analysed ESP has the following parameters:
the length of electrically field L =4 x 3.45m
mean gas velocity v=1.12 m/s
electrode spacing s =396 mm
dust loading Sp =22 g /m3
migration velocity w = 0.087m/s
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Fig 1. Model of calculation
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3. Numerical analysis



The numerical analysis of ESP performance has been performed by computer
programme SYMULA-X [5] . As a base for comparing analyses the uniform gas flow in each
ESP zone is assumed. The two type of gas flow is analysed: linearly skew flows and concave-
convex gas flow. The velocity profiles in vertical ESP cross section for linear skew gas flow
is shown on Fig 2a. For estimation skews degree the index q is applied. It is for linear gas

flow a difference between the gas velocity in top of profile and in the bottom value divided by
1 mf/s.

Fig 2. The gas velocity profiles
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On the Fig 2b are presented profiles of velocity while in the first zone the velocity is
“concave” but on the outlet is “convex”. For concave and convex gas flow pattern the index g
is difference of gas velocity in the fringe and in the middle of the field divided by 1m/s.

4. Numerical results

The results of computer simulation are placed into figures 3 and 5.

On the fig 3 are presented the calculation of ESP efficiency while the gas flow is
modified in first and fourth zone in complementary mode i.e. (1) = - q(4) and q(2) =
q(3) - see fig 2a. The reentrainment coefficient « ranges from 0.00 to 0.25. From this data
follows that more convenient are gas flow patterns for which in first zone q(1)<0 then flow
patterns for q(1)>0. The gradient efficiency is greater in the coefficient range q(1) = -0.9 to q(1)
= (0.0 then in the range q(1) = 0.0 to q(1) =+0.9.

It is evident that the increase in efficiency is most significant for gas flows
characterised by coefficients q(1) = -0.9; q(2) = 0; q(3) = 0; g(4) = + 0.9 to compare with
uniform gas flow: q(1) = q(2) = q(3) = q(4) .

For reentrainment coefficients x = 0.00, x = 0.08 and x = 0.12 the minimum efficiency
falls for q(1) =0, bat for x=0.20 and x=0.25 the minimum efficiency is shifted to q(1) =
+0.50 — see fig 3.

On the fig 4 it is shown the interval of change in ESP efficiency corresponding two gas
flow patterns: q(1) = - 0.9 and q(1) = 0.0 (data from fig 3). It follows that the decrease in
efficiency resulting as increase in gas reentrainment may be compensated by appropriate
skew gas flow pattern.
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Fig 3. Efficiency versus skew linear gas flow

On the fig 5 has been presented computer simulation for concave gas flow in first zone
and convex gas flow in fourth zone as in fig 2b. The results are similarly as for linear flows
presented on fig 3. The increase in reentrainment coefficient accompanies increase in gradient
efficiency while q(1) ranges from 0.0 to 0.9
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Fig 4. Change in efficiency versus reentrainment coefficient
for case q(1) = -0.9; q(4) = +0.9

100.00 |
Reentrainment coefficient ] ;
99.75 : , ‘ ; -
F— x-00 i | 50597 ' 99.627
99.567 —@— x=008 “ 99.572| il + :
4— —
99.50 —B- x-on - e
99.315 x=020 y %935 ————“"""—'———? 99.287
el =TS i | 99.238| L7
99 25 J QQDmJ Pt —H :
T : %167 | —— - i !
o T ! i I | .
— T—— ! ; l | T ? |
& | i !
-5 i | 98.851
= 98.799 A | :
= 98.743 ; | [ i :
’ | | | £ 98.601"
| 98.457 ' i
98.50 8388 1 . ! |
| | i i
98.25 ’ _— 1
| |
S R R R L
98.00 I : I T i I - ]
000 %19 920 930 40 050 g 070 g 090 g
coefficient q(1)
Fig 5. Efficiency versus concave and convex gas flow

5. Recapitulation



The linear skew gas flow and concave -convex configuration gas flow are attractive
means for ESP performance improving. It is interesting that whilst reentrainment increases the
skews effects is amplified . So the skew gas flow technology is worthy to be taken into
consideration for ESP efficiency improving.
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