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Abstract
In the paper, the analysis of the chosen parameters effects (gas flow rate, the impeller speed, type of impeller
and concentration of the aqueous solutions of sucrose) on the gas hold-up for gas-liquid and gas-liquid-biophase systems mechanically agitated are presented. Experimental studies were conducted in a vessel
of the diameter of 0.288 m. The agitated vessel was equipped with Rushton or A 315 impeller. The results
were described mathematically. The study shows that gas hold-up strongly depends on the impeller speed
and the gas flow rate.
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Streszczenie
Badania miały na celu określenie wpływu wybranych parametrów (natężenia przepływu gazu, częstości
obrotów mieszadła, typu mieszadła oraz stężenia wodnych roztworów sacharozy) na udział gazu zatrzymanego w cieczy dla mieszanego mechanicznie układu ciecz-gaz lub ciecz-gaz-biofaza. Badania wykonano
w mieszalniku o średnicy D = 0,288 m, w którym na wale zamontowane było mieszadło turbinowe Ruszona lub A 315. Wyniki badań opracowano w postaci równia (1). Na podstawie przeprowadzonych pomiarów stwierdzono, że udział gazu zatrzymanego w cieczy silnie zależy od częstości obrotów mieszadła
oraz natężenia przepływu gazu.
Słowa kluczowe: mieszanie, udział gazu zatrzymanego w cieczy, układ ciecz-gaz-biofaza
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1. Introduction
To obtain the required gas dispersion in the system, the appropriate physical and operating
parameters of the bioprocess have to be chosen. Achieving good gas dispersion in the system,
as well as identifying the content of gas phase in a liquid depends on many factors, such
as: the geometric parameters of the vessel, impellers and the gas sparger, the type and the
impeller speed, the gas flow rate in the vessel and the physical parameters of the liquid [1‒19].
In the case of the gas-liquid-biophase systems it is necessary to determine what impact on the
biophase in the system (e.g. yeast cells) the impeller speed and the gas flow rate in the vessel
will have. Excessive impeller speed and too high gas flow rate may adversely affect the yeast
cell growth in the system [20‒21].
Yeast is widely used in fermentation processes in the winemaking, brewing, distillery
and baking industry, as well as in the biotechnological processes, including biomass
production. The metabolic change speed of yeast Saccharomyces cerevisiae (e.g. baker’s
yeast) depends on the oxygenation conditions. The data from the relevant literature indicate
that the appropriate system oxygenation significantly increases the biomass production as
compared to the oxygen-free conditions. At the same time, the oxygen presence greatly
impedes the alcoholic fermentation. In the oxygen conditions, it is also necessary to properly
select the sucrose concentration in the medium (carbon source) to prevent partial inhibition
of the yeast cell respiration (the Crabtree effect) [22‒24].
In the paper, the analysis of the chosen parameters effects (gas flow rate Vg, the impeller
speed n, concentration of the aqueous solutions of sucrose x and type of impeller) on
the gas hold-up j for gas-liquid and gas-liquid-biophase systems mechanically agitated are
presented.
2. Experimental
Experimental studies were conducted in a vessel of the diameter of 0.288 m. The
vessel was filled with a liquid up to the height H = T. The agitated vessel was equipped
with Rushton (Z = 6) or A 315 impeller (Z = 4). The impeller was placed at the distance
h = 0.33H from the flat bottom of the vessel. Gas was introduced into the liquid through
a ring-shaped sparger of diameter dd = 0.7d. The sparger was located at a distance of
e = h/2 from the bottom of the vessel. The liquid phase was aqueous solution of sucrose
with mass concentration of 1, 2.5, 5 or 10%. Air was used as a gas phase. As a biophase
was used the suspension of the yeast with concentration of 1%.
The physical parameters in the system (liquid phase or liquid-biophase system)
changed in the following ranges: dynamic viscosity h [Pas] ∈ <1 × 10‒3; 3.3 × 10‒3>, density
r [kg/m3] ∈ <1000; 1041>, surface tension s [N/m2] ∈ <0.072; 0.08>. The measurements
were performed within the turbulent liquid flow in the vessel (Re ∈ <20000; 115000>) for
five values of the gas flow rate Vg (Vg [m3/s] ∈ <2.67 × 10‒4; 5 × 10‒4>, (superficial gas
velocity wog [m/s] ∈ <2.67 × 10‒4; 7.7 × 10‒4>, where wog = 4Vg/(pD2))).
The averaged value of gas hold-up j was determined from 10 readings of the height Hg
of a gas-liquid mixture in the agitated vessel.
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3. Results
The effects of the gas flow rate Vg (expressed by superficial gas velocity wog), the impeller
speed n, the sucrose concentration x and type of impeller on the gas hold-up j were analysed
on the basis of approximately 1300 measurement points obtained in the study.
The impact of the impeller speed n on the gas hold-up j for both Rushton turbine and
A315 impeller is presented in Fig 1 for different values of superficial gas velocity wog
and both gas-liquid and gas-liquid-biophase systems by means of the function j = f (n).
If the impeller speeds are increasing in the whole measurement range, the gas hold-up is
from two to three times higher. It has been proven that the impact of the impeller speed
on the gas hold-up is higher for the vessel with the Rushton turbine.

Fig. 1. The dependence j = f (n) for the systems: ▲, ● ‒ 5% aqueous solution of sucrose
– air; ∆, ○ ‒ 5% aqueous solution of sucrose – air – 1% suspension of the yeast; ▲,
∆ ‒ wog = 1.67 × 10‒4 m/s; ●, ○ – wog = 5 × 10‒4 m/s; a) RT; b) A 315

In the case of a vessel with the A315 impeller, the increase in the superficial gas
velocity wog from 1.67 × 10‒4 to 5 × 10‒4 m/s, results in the 2-times growth in the gas hold-up (Fig. 1b). It has been observed that in the case of the Rushton turbine, the superficial gas
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velocity has a significantly smaller effect on the gas hold-up. On the other hand, assuming
that the value of the impeller speed is constant, in most cases a conclusion could be drawn
that adding yeast to the system results in small growth in the gas hold-up.
The effect of the superficial gas velocity wog, the impeller type and the sucrose
concentration x on the gas hold-up is illustrated in Figs. 2 and 3 by means of the dependence
j= f (Kg) for both gas-liquid and gas-liquid-biophase systems. The higher the superficial
gas velocity, the lesser the impact of the gas flow number Kg on the gas hold-up. Assuming
a constant value of Kg, the increase of the superficial gas velocity wog results in the
approximately 50% increase in the gas hold-up j. In the case of the lower value of the gas
flow rate, the highest j values were obtained for the vessel with Rushton turbine impeller.

Fig. 2. The dependence j = f (Kg) for the systems: ♦, ■, ▲, ● ‒ 1% aqueous solution
of sucrose – air; ◊, □, ∆, ○, ‒ 10% aqueous solution of sucrose – air; ♦, ◊ ‒ wog =
= 1.67 × 10‒4 m/s; ■, □ ‒ wog = 2.78 × 10‒4 m/s; ▲, ∆ ‒ wog = 3,89 × 10‒4 m/s; ●,
○ ‒ wog = 5 × 10‒4 m/s; a) RT; b) A 315

The impact of the impeller type on the gas hold-up decreases with the increase of the
gas flow rate in the system. From the comparison of the values related to the gas hold-up
for the 1% sucrose-air system and 10% sucrose – air system, it can be concluded that the
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increase in the sucrose concentration from 1 to 10% results in the increase of the gas hold-up by about 20%. In the case of the gas-liquid system, it has been observed that sucrose
concentration has a greater impact on the gas hold-up for the vessel with the A 315 impeller.
The opposite situation occurs when the yeast have been added to the system. In such a case,
the greater impact of the sucrose concentration on j corresponds to the vessel with the
Rushton turbine impeller. For the constant value of the superficial gas velocity, this impact
increases along with the increase of the gas flow number Kg.

Fig 3. The dependence j = f (Kg) for the systems: ♦, ■, ▲, ● ‒ 1% aqueous solution
of sucrose – air – 1% suspension of the yeast; ◊, □, ∆, ○, ‒ 10% aqueous solution
of sucrose – air – 1% suspension of the yeast; ♦, ◊ ‒ wog = 1.67 × 10‒4 m/s; ■,
□ ‒ wog = 2.78 × 10‒4 m/s; ▲, ∆ ‒ wog = 3,89 × 10‒4 m/s; ●, ○ ‒ wog = 5 × 10‒4 m/s;
a) RT; b) A 315

The effect of the yeast suspension concentration on the gas hold-up is presented in the
Fig. 4. For a constant value of gas flow number Kg, it has been concluded from the data
in Fig. 4 that the adding 1% yeast suspension to the gas-liquid system, slightly affects
the value related to the gas hold-up. This effect depends additionally on the type of the
impeller used.
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Fig. 4. The dependence j = f (Kg) for the systems: ♦, ■, ▲, ● ‒ 5% aqueous solution
of sucrose – air; ♦, □, ∆, ○, ‒ 5% aqueous solution of sucrose – air – 1% suspension
of the yeast; ♦, ◊ ‒ wog = 1.67 × 10‒4 m/s; ■, □ ‒ wog = 2.78 × 10‒4 m/s; ▲,
∆ ‒ wog = 3,89 × 10‒4 m/s; ●, ○ ‒ wog = 5 × 10‒4 m/s; a) RT;  b) A 315

Due to the small impact of the yeast suspension concentration in the system, the gas
hold-up j is described by means of the dependence including the gas flow number Kg, the
Weber number We and the sucrose concentration x in the system
ϕ = a ⋅ Kg b ⋅ Wec ⋅ (1 + x) d
where:
Kg – gas flow number (= Vg/(nd3)),
We – Weber number (= n2d3r/s),
x
– sucrose concentration [kg/kg].
The coefficient value a and the b, c, d exponents are shown in the Table 1.

(1)
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Ta b l e 1
Values of coefficient a and exponents b, c, d in Eq. (1)
No.

Impeller

a

b

c

d

+D%

1-1

Rushton turbine

2.253 × 10

0.13

0.82

2.16

8

1-2

A 315

1.203 × 10

0.25

0.97

2.20

10

‒4
‒4

The equation (1) describes the results of the measurements within Kg ∈ <0,01; 0,09>;
We ∈ <800; 3800>; x ∈ <0.01; 0.1>.
4. Conclusions
On the basis of the conducted research, it has been concluded that the impeller speeds n have
the greatest (even 3-times) effect on the gas hold-up. The effect of gas flow rate Vg (or wog)
on the gas hold-up depends on the impeller type used. In the case of the vessel with the A 315
impeller, the increase of the gas flow rate Vg in the vessel results in the increase, even double,
in the gas hold-up j. The effect of sucrose concentration x in the system depends on whether
or not the yeast suspension has been added to the system and it is significantly smaller than
the impact of the impeller speed n and the gas flow rate Vg in the vessel. On the other hand, the
effect of the yeast suspension concentration on the j can be practically neglected within the
range of the performed measurements.
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