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n this column, I will review the 
basic requirements of agitation, 
and illustrate a method of deter-

mining the right amount of agitation.
Recently, a customer wanted to create a 

new quench tank for polymer quenchants. 
This tank was to quench long carburized 
shafting that had previously been quenched 
in oil. The customer’s goal was to reduce 
costs and reduce the smoke and fire hazard.

The quench tank was simple. It was a cyl-
inder 3m (118 inches) in diameter, and 6m 
(236 inches) deep. There was a slight radius 
at the bottom of 500 mm (20 inches) to help 
direct flow. Agitation was provided by a 
single 3.75 KW (5 HP) 300 mm (12 inches) 
marine-type agitator in the middle of a 325 
mm (13 inches) draft tube that was 3.5 meters 
(137.75 inches) long (Figure 1). The desired 
flow rate is upwards through the load, pref-
erably at greater than 0.5 m/s (98.4 ft/min).

A simple model of the quench tank was 
created to examine the flow. Since the impel-
ler has a twisting flow, it was not appropriate 
to look at the flow as in symmetry. While 
this increased computational time, the 
results would be improved.

The resulting flow through the work zone 
was poor. While the flow was predominantly 
directed upward through the work zone, the 
upward velocity in the quench tank was very 
low, at 0.015 m/s (2.95 ft/min). This flow rate 
is entirely inadequate for quenching and is 
essentially a “dead” tank. Figure 2 shows the 
resultant flow pattern in the tank.

Additional agitation is needed to meet the 
desired flow rate of greater than 0.5 m/s.

SIZING AGITATION
The first requirement is to determine the 
amount of quenchant that must be moved. 
The volume of a cylinder is:

Where R is the radius of the tank (R = 1.5m) and L is the length (L = 
6m). We will ignore the radius at the bottom of the tank for simplicity. 
From the above, the volume of the tank is 42.41 m3 (42,410 liters) or 
11,200 gallons. 

Much of the early work on impellers for quenching applications 
is based on the classic work by U.S. Steel [1]. This work was based 
on marine-type impellers. However, many improvements have been 
made to improve the flow and energy efficiency of impeller or pro-
peller type agitators.

In this work, the power requirements for marine-type impellers 

A method to calculate the amount and size of agitators needed for a quench tank is discussed,  
with options to adjust the flows through proper motor controls, such as a frequency drive.

Determining the agitation needed in a quench tank
I

Tank Volume Typical Marine-type Propeller  Modern Airfoil-type Impeller 
(Gallons)  (480 RPM)  (280 RPM)

 Oil (HP/gal) Water or Brine Oil (HP/gal) Water or Brine 
  (HP/gal)    (HP/gal)

50-800 0.005 0.004 0.003 0.002
800-2,000 0.006 0.004 0.003 0.002
2,000-3,000 0.006 0.005 0.003 0.002
> 3,000 0.007 0.005 0.004 0.003

Figure 1: Illustration of proposed customer quench 
tank (left).

Figure 2: Resultant flow in tank. Flow is very poor, 
with an upward velocity of 0.015 m/s (above).

Table 1: Power requirements for impeller agitation [3] [2].
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were illustrated. However, improvements in impeller and motor 
design have enabled 40 percent greater flow efficiency with modaern 
airfoil-type impellers operating at lower speeds. The recommended 
power requirements for impeller agitation are shown in Table 1. These 
values should be considered as minimum power requirements [2]. 

Using the values for modern airfoil-type impellers (0.003 HP/gal), 
a total power required is 33.6 HP. 

The volumetric flow required is velocity (v) * Area or 

This is shown in Table 2. Based on the desired minimum flow rate 
of 0.5 m/s, this would mean that a minimum volumetric flow rate of 
3,534 L/s is required. Examining Figure 3, it shows that the existing 
300 mm marine impeller only produces a volumetric flow rate of 
approximately 90 L/s. This explains the very low flow in the quench 
tank and matches closely with that calculated using CFD.

To achieve the desired flow rate of 0.5 m/s minimum, additional 
agitators are needed. Six 500 mm diameter airfoil agitators are need-
ed, or eight 400 mm diameter airfoil agitators are required.

Taking the calculated number of agitators, 
a new model of the tank was created. In this 
case, eight 400 mm impellers were placed 
at 45° around the quench tank periphery 
(Figure 4). To reduce the computational load, 
disks were placed at the location of the impel-
lers, with inlet/outlet flows of 400 kg/s (400 
L/s) for a combined total of 3,200 L/s. 

The results of the analysis (Figure 5) show 
that the flow in the center of the tank is 
approximately 1.0 m/s, while at the edges 
of the work zone is 0.5 m/s. The resultant 
flow is greater than expected and can be 
the result of the synergy of the flows com-

ing together in the center to produce a higher velocity in the cen-
ter of the tank. The flow appears to be uniform, and appropriate 
for quenching shafts. The overall flow meets the minimum flow 
requirement of 0.5 m/s.

CONCLUSIONS
In this column, a method has been demonstrated to calculate the 
amount and size of agitators needed for a quench tank. The method 
shown is conservative and will often produce higher agitation rates 
than are necessary. However, the flows can be reduced through prop-
er motor controls, such as a frequency drive.

Should you have any questions on this article, or suggestions for 
new articles, please contact the editor or the writer. 
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Velocity  Volumetric Volumetric
Needed (m/s) Flow (m3/s)  Flow (L/s)
0.015 0.11 106
0.250 1.77 1767
0.500 3.53 3534
0.750 5.30 5301
1.000 7.07 7069
1.500 10.60 10603
2.000 14.14 14137

Figure 4: Model of the modified quench tank. Red 
disks simulate the presence of impellers (left).

Figure 5: Results of CFD of the modified quench 
tank (above).

Table 2: Volumetric flow required as a function of desired velocity.

Figure 3: Volumetric flow as a function of impeller 
size for marine- and airfoil-type impellers [4].
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