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Abstract-Effects of impeller blade number on gas dispersion and mass transfer rate were thoroughly investi-
gated for mechanically agitated vessels equipped with 2-, 4-, 6- and 8-straight blades disk turbine impellers. The
results show that under the same rotational speed, the impeller with more blades always can disperse gas more
effectively, which induces a higher value of &K. However, with the same total power consumption, the 4-
blade impeller can obtain a higher < value than the 6- and 8-blade impellers under a lower gassing rate
condition (Q<0.5vvm), but if Q exceeds 0.5 vvm, the 6-blade impeller will perform better than the 4- and 8-
blade impellers. To examine the results obtained from the single impeller systems, the same approach is applied
to measure <ga> values for the triple stage 6-blade impeller systex6)(@&nd quadruple stage 4-blade impeller
system (44). From the experimental results, it can be found that thesystem gives higher <& value than
the 36 system under gas completely dispersed conditions. By correlatimyp sidth n, N and \ the follow-
ing correlation can be given as:

<K, a>=0.001198°N"*%v2*
or
<K.a>=0.02971"(P/V) *VvI*

These two correlations can also be used to evaluate the mass transfer coefficient of each impeller region for the
multiple impeller systems and the deviation is always less than 10%.
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INTRODUCTION the impeller geometry were still not taken into account.
In this study, the effect of the impeller blade number of a
The effects of hydrodynamic parameters on the mass transfestraight blade disk impeller on the mass transfer rate is discuss-
rate in mechanically agitated vessels have been studied exteed thoroughly for single and multiple impeller systems by adopt-
sively by many researchers. Most of the previous works haveng the N gassing out method. By combining the measured
been carried out using the 6-blade disk turbine impeller, the sopower consumption data and superficial gas velocity, we pro-
called the standard Rushton turbine impeller. However, the efpose an applicable correlation for the volume-averaged mass trans-
fects of power input on the mass transfer rate have only beefer coefficient <Ka> estimation.
discussed by changing the rotational speed and aeration rate. It
is acknowledged that the selection of the impeller will affect EXPERIMENTAL
not only the power consumption, but also the flow patterns and
gas dispersion. At a given rotational speed, impellers with dif- A transparent acrylic tank with diameter(l'141 m was us-
ferent blade numbers will contribute a different level of power ed as the stirred vessel. The liquid height H in the single im-
input, which always plays an important role in the gas disper-peller system was controlled at 0.169 m and 0.329 m in the mul-
sion within the vessel, hence affecting the mass transfer ratéiple impeller systems to prevent surface aeration. Standard flat-
pronouncedly. blade disk-type turbines having 2, 4, 6 or 8 blades were used as
There are only few research efforts emphasizing the effect ofhe impellers, whose diameterD3. Four vertical baffles with a
impeller blade number on the gas dispersion and mass transfexidth of B=1/10 T were installed in the periphery of the tank.
Van't Riet [1979] gathered the mass transfer coefficient data showiThe distance from the tank bottom to the lowest impeller is al-
in the literature and proposed a comprehensivaxkorrelation  ways D; however, the clearance between the impeller was main-
for the air-water single Rushton turbine impeller system as: tained at 2 D in the triple impeller system and 1.5 D in the qu-
_ 04 /05 adruple impeller systems to keep the liquid height constant.
<K2>=0.028 B/V)™Vs @) Tap water and filtered air were used as the working fluids. The
Although Van't Riet [1979] discussed the influences of some N, gassing out method [Linek et al., 1989] was adopted to eval-
geometrical parameters on the mass transfer rate, the effects ghte the local Ka value. A dissolved oxygen probe combined
with a signal amplifier and computer system was used to re-
To whom correspondence should be addressed. cord the change in dissolved oxygen concentration with the
E-mail : wmlu@ccms.ntu.edu.tw lapse of time. This was done by changing the gas inlet from N
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Fig. 1. Major dimensions for the impellers and the stirred ves-
sels used in this study.
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Fig. 2. Equipment set-up of <Ka> measurement.
1. Nitrogen source 7. Torque meter
2. Air inlet 8. Oxygen concentration
3. Disc turbine impeller indicator
4. Gas sparger 9. Pressure manometer
5. Magnetic driver 10. Computer
6. D.O. probe 11. AD/DA converter

to air instantaneously and recording the change of dissolve
oxygen concentration with time. Thea&value can be obtained
easily from the negative slope of the plot of Iy/(y"-y,) vs.

t. A torque transducer with a self-balancing torque indicator
was placed on the shaft to measure the power drawn by the in
pellers. The details of the major geometrical dimensions anc
the experimental equipment setup are shown in Fig. 1 and Fig. :
respectively.

OPERATIONAL CONDITIONS

To investigate the gas dispersion capability of the various im-
pellers, the mass transfer rate was determined and compart
under the same rotational speed, the same power consumptit
per unit volume and the same power consumption per uni

etal.

Table 1. The operational conditions adopted in this study
N(ps) Qvwm) PNVW/M?) P,V (W/m?)

Single impeller  13.3 0.22-1.514  559.36 88.05
system
Multiple 13.3 0.22-1.514 1004.4

impeller system

RESULTS AND DISCUSSION

1. Effect of Blade Number and Gassing Rates on K for
the Single Impeller System

Lu and Yang [1995] applied the LDA and modified capillary
method to measure the turbulent intensity and dispersed bubble
size in a stirred vessel to examine the effects of the impeller blade
number on the flow pattern and gas dispersion within the stirr-
ed vessel. They pointed out that under a very low gassing con-
dition the turbulent intensity is strongest for the 4-blade impel-
ler, and the dispersed bubbles are also the smallest. These re-
sults indicate that the 4-blade impeller has the best gas disper-
sion capability and results in a better mass transfer rate. How-
ever, by comparing these results with other works in the litera-
ture, almost the contrary conclusions were found, which im-
plies that the gassing rate plays a very important role on the mass
transfer phenomenon. For single impeller systems, the volume-
averaged mass transfer coefficient of the systems equipped with
different impellers was compared under three different operat-
ing conditions to estimate the effects of the blade number and
aerated rate on the mass transfer rate: (1) the same rotational
speed; (2) the same total power consumption, and (3) the same
power consumption per blade. Fig. 3 shows the overall aver-
aged Ka for the single 2-, 4-, 6-, 8-blade disk turbine impeller
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used in this study.
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Fig. 4. Comparison of <Ka> between the impellers having dif- o ) ) )
ferent blade numbers with R/V=559.36 W/n. blades is likely to have more gas dispersion or a higher value
of <K,a>.
2. Correlations for <K a> in the Single Impeller System
systems under the same rotational speeti38 rps. From this To obtain a useful correlation of @&, the mass transfer

figure, we see two noticeable points: (1) the aKvalue for coefficient data obtained in this study were correlated to cover
each impeller always increases monotonically with the increasehe effect of p N and \, and the correlation was given as

pf gassing rates; (2) no matter what the gassing rate is, the <K,a>=0.001198%N " @)
impeller with more blades always disperses the gas more effec-
ti\/e]y, which induces the h|gher value of <. However, un- for the single disk turbine impeller system and it is plotted in
der the same rotational speed the impeller having more bladesig. 6 with the experimental data obtained. With this correla-
always draws more power, which may not be favorable for in-tion, the <Ka> value in the stirred vessel can be predicted
dustrial processes. In Fig. 4, the values ofasKfor the im-  from the original operation conditions (i. E. N, &d p, etc.).
peller having 4, 6 and 8 blades with th&/2559.36 W/mare ~ However, in a practical scale-up design, the power consump-
compared under various gas flow rates. It can be found that (1§on is always the most popular basis. In order to introduce the
with the same power consumption & always increases with

the increase in the gassing rates; (2) the 4-blade impeller ca 0.035
give a higher <ka> than the 6- and 8-blade impellers under a R-squared = 0.9685
low gassing rate condition (€0.5 vvm), which is consistent 0.030
with the results of Lu and Yang [1995]. However, with the in-
crease in gassing rate, the 6-blade impeller demonstrates a bt 0.025
ter gas dispersion capability and results in a higher mass tran:
fer rate. It is interesting to note that under a certain valug, of Q = 0020
the impeller equipped with 6 blades always gives a highgr><K =
value than that of the 8-blade impeller. ©,

Fig. 5 shows a comparison of the gak values for the 4-, 6-, ~ 0015
8-blade impellers under two different aerated conditions with
the same power consumption per blaga/(R-88.0 W/nd). From 0.010
this figure, it can be found that if the gassing rate is larger thar
0.5vvm and less than 1.6 vwm, the 6-blade impeller will per- 0.005

form better than the other impellers. The 8-blade impeller will
become the prevailing one if the gassing rate exceeds 1.6 wir 0.000

From the above results, it can be concluded that in the singl 0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.03
impeller system the 4-blade impeller gives the best mass trans 0.00119n,062 N80y 04

fer performance only under a low aerated condition. Under theFig. 6. <K a> regressive curve for the single impeller syste
higher power input and gassing rate, the impeller with more based on the original operating conditions.
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Fig. 7. <K_a> regressive curve for the single impeller system
based on the power consumption of the impeller.

power drawn into this correlation, N was replaced piv/§Rn
Eg. (2) and the results were given as :

<K.@>=0.0297§"(P,/V)**N"*V,* 3

W.-M. Lu et al.

Table 4. Comparison of the Ka values between 34 and 36
impeller systems under a higher aeration rate (G
3.97 L/min=0.757 vvm) and the same power input (P

V=1004.4 W/n)
3x6 impeller system  x# impeller system
<K.a> 0.0313 0.0308
Ration of <Ka> 1 0.982
Ratio of power 1 1
consumption

2 and Table 3 show the comparisons of the mass transfer per-
formances between these two systems wi#0Q2 vvm and
Q,=0.757 vvm, respectively. In a lower gassing rate, it is surpris-
ing to notice that the >4 system gave 14% higher &,
while it drew 17.5% less power than the63ystem. However
this trend will be reversed as the gassing rate exceeds 0.757
wwm. Although the 44 system drew less than 26.7% power, it
gave less than 18.3% on average @ Yalue. If the power for
the 44 system is increased to the same level astBayastem
at the same gassing rate, the average valuesaofoK both
systems are nearly the same, as shown in Table 4.

The flooded impeller, which causes thet4ystem to show
a lower value of <ka> at higher gassing rate with=1B.3 rps,
was observed at the lowest impeller of txd 4ystem. If the
flooded region was excluded from the calculation ofasK

The derivation of this equation is always less than 12% andhe remaining part of the<4 system still performed as well as
the regressive result is shown in Fig. 7. From Eqg. (3) one canhe 6 system, as shown in Table 5. This fact implies that the

obtain the required A/ for a gas-liquid contactor if the op-

increase in the blade numbers will increase the gas handling

timum value of <Ka> is known from the laboratory scale ex- capability of the impeller, but too many blades (or too narrow

periments.
3.K.a Values between Two Different Multiple Impeller Sys-
tems

From the results depicted above, it is interesting to comparg
the overall performances of gas dispersion in a system equipp-

ed with triple stages of 6-blade impellerxg§Band a system
equipped with quadruple stages of 4-blade impelle#$) (Fable

Table 2. Comparison of the Ka values between ¥4 and 3«6
impeller systems under a very low aeration rate ((z
1.2 L/min=0.22 vwvm) and same rotational speed N
800 rpm=13.3 rps)

<K.a> <K a> ratio Power ratio
3x%6 (1) 0.0211 1 1
4x4 (Il 0.0241 1.142 0.825
(1-D/1% +14.2% 14.2% -17.5%

Table 3. Comparison of the Ka values between ¥4 and 3«6
impeller systems under a higher aeration rate (=
3.97 LUImin=0.757 vwm) and the same rotational speed
(N=800 rpm=13.3 rps)

blade pitch) will disturb the formation of a strong vortex, which
will weaken the gas dispersion capability of the impeller.

4. Estimation of <K _a> Value for Multiple Impeller Sys-

ems

To examine whether Eq. (3), resulting from the single impel-
ler system, can be applied to multiple impeller systems, trees<K
data for each impeller region obtained from tixé 8npeller
system is plotted v&.02978*(P,/V)**Ve*®  in Fig. 8. From the
results shown in this figure, it is found that no matter in which
impeller region, the experimental % values are always larger
than the predicted <ié> values. Since both the recirculated
gas and the sparged gas pass through the impeller region, they
affect the mass transfer performance of the impeller. However,
in Eqg. (3), only the sparging gas rate is taken into account in
the form of the superficial gas velocity, which induces an un-
derestimation of the <lé> values. Comparing the mass transfer
performances in each impeller region, it is found that the upper

Table 5. Effect of the flooding phenomenon of the»# system
on <K, a> under a higher aeration rate (Q=3.97 L/
min=0.757 vwvm) and the same rotational speed &N
800 rpm=13.3 rps)

<K a> <K a> ratio Power ratio
3%6 (1) 0.0313 1 1
4x4 (Il 0.0256 0.817 0.733
(11-)/1% -18.3% -18.3% -26.7%

September, 1999

4x4 (1ll) with the flooded

36 () Axa (I impeller excluded
<K a> 0.0313 0.0308 0.0318
<K a>ratio 1 0.98 1.016
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0.050 - . T i i i the results shown in this figure, it is found that they agree very
impeller region well. Therefore, it can be concluded that the behavior of each
0045 | @ lowerimpeller — impeller in any multiple system with aeration is identical as
W middie impeler 2 long as the (fV) and \, are the same.
0.040 A upper impeller N
0035 [ | CONCLUSION
= 0.030 |_ _ In this study, the effects of impeller blade number on the gas
5 dispersion and mass transfer rate within the mechanically agi-
0.025 | ] tated vessels were investigated thoroughly. From the results ob-
tained, it was found that under the same rotational speed condi-
0.020 {— — tion, the impeller with more blades always disperses gas more
effectively, which results in a higher value of a&. However,
0.015 — — with the same power input level, the 4-blade impeller could give
| | l | | I | a higher <Ka> value than the 6- and 8-blade impellers under a
0.010 . .
0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.05 gas completely dispersed condition [beyond stage (d)], but on-
0.0297n,01(P /V)psiV 045 ce Q exceeds 0.5 vwm, the 6-blade impeller performs better than
Fig. 8. The applicability of the <K.a> correlation of the sin-  the 4- and 8-blade impellers. Comparing theaskvalues for
gle impeller system to the multiple impeller system. the triple stage 6-blade impeller systewt3and quadruple stage

4-blade impeller system X4), it was seen that thex4 system

gives a higher <Ka> value than thex8 system under gas com-
impeller always gives the highest mass transfer rate, then thpletely dispersed conditions. Applying the @K correlation
middle impeller, and the lowest impeller always results in thefor the single impeller systems to predict the mass transfer perfor-
smallest <Ka> value. This result again indicates the non-uni- mance of each impeller region in the multiple impeller sys-
form gas loading, which causes the non-uniform power con-tems, it was found that the evaluated aKvalue agrees with
sumption of each impeller, in multiple impeller systems. Al- the experimental data very well.
though the deviation between the experimental and calculated

<K a> values is not so close, it still can be applied to estimate ACKNOWLEDGEMENT
<K a> values for each impeller region in the multiple impeller
system. To confirm this viewpoint further, the gk values The authors want to express their sincere appreciation for the

obtained from the single 6-blade impeller system were recorrefinancial support from the National Science Council, Taiwan.
lated with B/V and \, as:

CK.a>=0.046 RV V2% @) NOMENCLATURE
Fig. 9 shows the comparison of the gk value for each im- a :interfacial area per unit volume [1/m]
peller region in the & impeller system with Eq. (4). From B : baffle width [m]
C :distance between impellers [m]
0.050 : - I D :impeller diameter [m]
impeller region H :liquid height of the stirred tank [m]
00851 @ lower impeller - h, :distance between the tank bottom and the lowest impeller
0.040 [ | middle impeller ] [m] . o
A upper impeller K. :liquid side mass transfer coefficient [m/s]
0.035 = _ L :impeller blade length [m]
2 n, :impeller blade number [-]
% 0.030 — N :impeller rotational speed [1/s]
o P, :power drawn by the impeller with aeration [Kgsi
0.025 — Q, :aeration rate [i¥fs]
T :tank diameter [m]
0.020 . t :time[s]
0.015 ] V :total liquid volume [
' V, :gas superficial velocity [m/s]
0.010 | | | | | | ! vvm: the ratio of aeration rate per minute/the liquid volume in
0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.05 the tank [1/5]

0.046(P /Vp3siV o2 : concentration of the dissolved oxygen at time t [mdle/m

Fig. 9. The applicability of the <K.a> correlation of the sin- , - initial concentration of the dissolved oxygen at tim@ t
gle 6-blade impeller system to the multiple impeller [mole/n]
system. y" :saturated concentration of the dissolved oxygen [mgle/m

Korean J. Chem. Eng.(Vol. 16, No. 5)



708 W.-M. Lu et al.

W :impeller blade width [m] Lu, W. M. and Chou, H. S., “Effect of Solid Concentration on Gas-
Liquid Mass Transfer in a Mechanically Agitated Three Phases
REFERENCES Reactor;Journal of The Chin. I. Ch. R4(1), 31 (1993).

Lu, W. M. and Wu, M. T., “The Effect of Blade Number on Mixing

Linek, V., Benes, P. and Vacek, V., “Dynamic Pressure Method for in an Aerated Stirred TankJournal of The Chin. I. Ch. EL92),

k.a Measurement in Large-Scale Bioreact&@istechnology and 109 (1988).

Bioengineering33, 1406 (1989). Lu, W. M. and Yang, B. S., “Effect of Blade Number on Gas Dis-
Linek, V., Moucha, T. and Sinkule, J., “Gas-Liquid Mass Transfer  persion andk ain Multiple Rushton Turbine Impeller Systems;’

in Vessels Stirred with Multiple Impellers-1. Gas-Liquid Mass Proc. of 5th World Congress of Chemical Engineers, San Diego,

Transfer Characteristics in Individual Stagéegmical Engineer- U.S. A,1 599 (1996).

ing Sciencgb1(12), 3203 (1996). Van't Riet, K., “Review of Measuring Methods and Results in Non-
Lu, W. M. and Chiu, H. T., “Turbulent Flow in Mechanically Stirr- viscous Gas-Liquid Mass Transfer in Stirred Vesdets,'Eng.

ed Vessels with Multiple Impellers (Il)-Motion and Coalescence  Chem. Process Des. Dedg(3), 357 (1979).

of Small BubblesJournal of The Chin. I. Ch. 26, 411 (1995).

September, 1999



	Effect of Impeller Blade Number on KLa in Mechanically Agitated Vessels
	Wei-Ming Lu†, Hong-Zhang Wu and Cheng-Ying Chou
	Department of Chemical Engineering, National Taiwan University, Taipei, Taiwan 10617
	(Received 6 May 1999 • accepted 23 June 1999)
	.INTRODUCTION
	EXPERIMENTAL
	OPERATIONAL CONDITIONS
	RESULTS AND DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENT
	NOMENCLATURE
	REFERENCES



