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1-1. Performance conversion
● Performance change due to rotation speed

The performance conversion formula and the performance curve when the rotation speed of fan changes from N1 to N2 are as shown in Fig.1. 

Capacity      　　　             

Pressure

Power      　　　　                           

Q2  = N2 ×Q1 ……… m3/minN1

N2

N1
P2  = 

2

3

×P1 ……… Pa

N2

N1
L2  = ×L1 ……… kW

Note that this graph shows the case of pressure up to about 4900 Pa, and the change of rotational speed is limited to +_ 20%. In case of conditions exceeding 
the conditions, additional consideration is required.

● Performance change due to temperature (when the intake air is other than 20˚C)

● Performance change due to specific weight (in case of gas with different specific weight)

Capacity

Pressure  　

Power

Solid line : Performance curve at t1 ˚C
Dotted line : Performance curve at t2 ˚C

Q2 = Q1 …………………… m3/min

P2  = 273+t1 ×P1 ……… Pa273+t2

L2  = 273+t1 ×L1 ……… kW273+t2

2000  = 273+ 20 × P1273+100 P1 = 2000 × 273+100 ≒ 2550 (Pa)273+ 20

P  = 1.2 × P 1
1

L  = 1.2 × L1

● Temperature conversion of air volume (temperature conversion of normal cubic meter (Nm3))

Q = Q (Normal) × 273+ t × PO

273      P F

Fig. 1

Fig. 2

Solid line : Performance curve at N1min-1

Dotted line : Performance curve at N2min-1

Arrows : show the movement of representative points which was changed by conversion

The performance conversion formula and the performance curve when the gas temperature changes from t1 to t2 are as shown in Fig.2.

The performance curves in our Handbook are all displayed in the standard condition (temperature:20˚C, absolute pressure : 1.01325 × 105 Pa, and air with 65% 
relative humidity)
When handling gases other than 20˚C, select a suitable model according to the pressure based on the following calculation.

[example]
When handling gas at P2 = 2000 Pa, t2 = 100˚C., how much pressure is required at the performance curve (t1 = 20˚C.) described in the Handbook? 
Also what happens to shaft power?

Note that in the performance curve, the shaft power L1 at the operating point that satisfies the pressure of 2550 Pa decreases to L2 in accordance with the 
above equation.

When handling gases other than standard air (temperature: 20˚C, absolute pressure :1.01325 × 105 Pa, and air with 65% relative humidity), it is necessary to 
convert the pressure / shaft power by the following formula.

Even if the suction gas temperature or pressure drops, the fan's suction air volume does not change. However, when the specification air volume of the fan is 
given as 0˚C standard condition (Normal), the air volume is converted to the air volume of the specification temperature and applied to the capacity table.

For normal ventilation use, PO can be regarded as PF.

Q
Q (Normal)
t
PO

PF

: Suction air volume (m3/min)
: Air volume at 0˚C standard atmospheric pressure (1.01325 × 105 Pa)
: Specification temperature (˚C)
: Standard atmospheric pressure (1.01325 × 105 Pa)
: Standard absolute pressure of fan (Pa)

P
P1

L
L1

1.2

: Pressure converted into standard air condition (Pa)
: Specified pressure of handled gas (Pa)
: Shaft power converted into standard air condition (kW)
: Shaft power in handling gas (kW)
: Density of standard air (1.2kg/m3)
: Density of handled gas (kg/m3)
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1-2. Operating characteristics
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● Operating condition when the planned pipe resistance is different from the actual

● Measures to be taken when the actual operating point differs from the planned specification

Capacity Pressure

Power ● N1: Initial rotation speed    ● N2: Rotation speed after change

Fig.4 shows the characteristics when the rotation speed is changed according to this rule.

Q2  = N × Q1 ……… m3/min
3

N P2  =

L2  = N2 × L1 ……… kWN1

(　　)2N2 × P1 ……… PaN1

Fig. 3

Fig. 4

   If the planned specification differs from the actual operating state and it causes the air volume shortage or overload operation, in general, it will be solved in the 
following way.

1) How to change the static pressure curve of the fan
   By changing the rotation speed of the fan, it is possible to change the static pressure curve and shaft power curve. For the relationship between the fan 
performance curve and the rotation speed, refer to the section “Performance change due to rotation speed”  in the previous page.

Assume that in Fig.3, the planned pipe resistance is R1, the air volume 
flowing through the pipeline is Q1, and the static pressure curve of the fan 
designed and manufactured based on this specification is PS.
When the pipe resistances curve in actual operation changes to R2, the 
operating point of this fan is the intersection O2 of the fan static pressure 
curve and the management resistance curve. As a result, the air volume 
decreases to Q2 and the air blow amount is insufficient.
On the contrary, when the actual pipe resistance curve is R3, the operating 
point moves to O3, the air blow amount is Q3, and the shaft power is L3. In 
this case the air blow amount is enough, but because the shaft power L3 is 
larger than the planned L1, it may cause an overload and burnout of the 
motor.

If the rotation speed of the fan having characteristics of PS1 and L1 is 
increased against the pipe resistance curve R, the characteristics of PS2 and 
L2 are obtained, and the operating point moves from A to B. In addition, the 
air volume increases from Q1 to Q2 and the shaft power changes from LA to 
LB. On the contrary, if the rotation speed is lowered, the characteristics of 
PS3 and L3 are obtained, the operating point moves from A to C, the air volume 
changes from Q1 to Q3, and the shaft power decreases from LA to LC.
In this way, if the air volume is insufficient, the rotation speed can be 
increased in a range that is sufficient for the motor output, and in the case of 
an overload, the rotation speed is decreased within the allowable range, so 
that the fan can be operated normally. When driving with V-belt, you can 
easily change the rotation speed by replacing the V pulley.

2) How to change the pipe resistance curve 
If the pipe resistance curve is changed with respect to the same fan performance curve, its operating point will change.
If a flow adjustment damper is provided in the pipeline to increase the resistance, the pipe resistance curve changes from R1 to R2 for one fan characteristic as 

shown in Fig.3, the flow rate changes to Q2, and the shaft power changes to L2.
On the contrary, if you remove the resistance in the pipeline within the range that does not affect the equipment to reduce the pipe resistance, the resistance 

curve changes to R3, the flow rate changes to Q3, and the shaft power changes to L3.
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● Change in operating condition and stability

Fig. 7 Fig. 8
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When the fan is operated at a certain pressure or flow rate, even if there is a temporary change in pressure or flow due to some cause, so far as it immediately 
returns to the current state, the operating point can be said to be stable. Of course, if the change is given over a long period of time, the fan continues 
operation with the characteristics changed. The operating points according to the operating statuses show the following changes and stability.

1) Change in operating point in a downward-sloping characteristic part (stable state) 

As shown in Fig.5, when the fan is operating at the point A in the downward-sloping part, if the fan static pressure curve changes from PS to PS' due to some 
cause, the operating point of the fan necessarily moves on the pipe resistance curve, the operating point A moves to (A') or (A"), where (A') is the case where 
the fan pressure increases, and (A”) is the case when the pressure drops. Also, Fig.6 shows a case where some change occurs in the pipe system and the 
pipe resistance changes. The fan operation point moves to (A’) or (A”), which is the intersection of the changed pipe resistance curve (R’) or (R”) and the fan 
static pressure curve. (R') indicates the case where the pipe resistance is increased, and (R" indicates the case where the pipe resistance decreases. As 
described above, when an operating point locates in the downward-sloping part of the fan, the stable operation can be maintained.

2) Change in the operating point in the upward-sloping characteristic part (unstable state)

As shown in Fig.7, when the fan is operating in the upward-sloping characteristic part, if the fan static pressure changes due to some cause, its operating point 
A moves to (A') or (A"). Fig.8 also shows the case where the pipe resistance changes due to some cause. In both cases, if no further change occurs, the stable 
operation is possible at the new operating point. However, since the fan pressure tends to increase as the air flow rate increases in the upward-sloping 
characteristic part, there is a danger of inducing surging (which is described later) and it is not generally the stable operation.

Fig. 5 Fig. 6
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At a point of the upward sloping characteristic in which the pressure rises as the flow rate increases, a fan that has been running quietly may abruptly start 
generating intense vibrations and fluctuations in response to the pressure and flow in the piping system, which can pose a danger to the operation. This 
phenomenon is called surging. The surging becomes more intense as the pressure becomes higher and the power becomes greater and may lead to an 
accident of the impeller or the bearing. 

Fig.9 shows how the surging occurs. Point C on the fan pressure curve is the 
starting point of the surging (surging point) and the range between E and C is 
the region where the surging occurs. The fan has a backflow performance in 
the case it is in the region between E and D, which indicates the 
performance curve of air that backflows from the discharge port to the 
suction port even if the impeller of the fan rotates in normal direction. 
Assume that Point C is the operating point now, and if the resistance 
decreases during the operation for some reason, less air flow is required but 
the operating point abruptly moves from C to D. This is because the air flow 
rate that has decreased by reducing the resistance becomes smaller than the 
air flow rate that has decreased by lowering the discharge pressure of the 
fan. If the operating point abruptly moves to Point D, the air volume 
decreases excessively, and therefore even if the operating point moves 
through D→E→B→C and returns to the original point C, the point repeats 
the move through D→E→B→C and the unstable state continues.

The pressure increases as the air volume increases in the region between E 
and C, and this state can be likened to the pendulum whose resistance and 
movement work in the same direction which makes the region between E 
and C unstable. On the contrary to the region between E and C, the pressure 
decreases as the air volume increases in the region between C and A, which 
makes the region stable.

Fans are sometimes operated in series to increase the wind pressure when 
sufficient pressure is not obtained with a single fan and, in such a case, the 
overall characteristic is obtained as the sum of the air volumes at the points 
where the performance curves intersect the line of a constant flow rate. As 
shown in Fig.10, when the capacity of Fan II is smaller than that of the other 
Fan I, backflow occurs in the smaller fan II in the region where air volume is 
large. In Fig.10, when the pipe resistance is R2, the overall operating point is 
at A, and Fan I operates at D while Fan II operates at E, and the wind 
pressure is lower than B or C which is the wind pressure that is obtained 
when each fan is operated alone with the same pipe resistance.

When the pipe resistance is R1, the overall operating point is at G, and Fan I 
operates at J on the other hand Fan II works as a resistance, which causes 
backflow. The wind pressure, therefore, becomes smaller than the operating 
point H of Fan I when it is operated independently. In serial operation, the air 
volumes of two fans need to be the same. In addition, be careful that, when 
the two fans are actually located closely in serial operation, a turbulent air 
flow at the discharge port of the first fan may adversely influence the inflow 
conditions at the inlet port of the second fan.

● Surging

Fig. 9

Fig. 10

● Serial operation
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The overall characteristics of parallel operation of two fans which have 
downward sloping characteristic and no peaks on their pressure/flow 
characteristic curves are obtained as follows: Add the air volumes of the fans 
at the points where the curves intersect the line of a constant pressure as 
shown in Fig.11. This can apply to two fans whose characteristics are exactly 
equal. When the pipe resistance is R, the overall operating point is Point A, 
and Fan I operates at Point B and Fan II operates at Point C because the fans 
operate at the point of the same pressure. The air volume, therefore, becomes 
smaller than that of Point D or E when each fan is operated independently in 
the same pipe system.

This trend becomes more significant as the slope of the pipe resistance curve 
becomes steeper, and the increase in air volume by the parallel operation is 
very small in the case of a very long pipe line, in which the pipe resistance is 
mainly composed of friction resistance.

When two fans of exactly equal characteristics, which have the peak points on 
the characteristic curve and the downward sloping characteristics as shown in 
Fig.12, are operated in parallel, they will work in the vicinity of the peak points, 
resulting in a problem. The overall characteristic is (A, A) when both two fans 
operate at Point A, and is (B,B) when both fans operate at Point B in the same 
way.

However, when one fan operates at Point A and the other fan operates at 
Point B, the overall characteristic forms a characteristic curve of a shape in 
which an edge comes out of the peak point, and the effect of parallel operation 
decreases.

When the characteristics of a large fan I and a small fan II are very different as 
shown in Fig.13, the air volume is indicated by the sum of the air volumes of 
the fans at the same pressure in the region where the air volume is larger than 
that at Point S of the overall characteristic curve. However, since the wind 
pressure of the larger-capacity fan becomes higher, and thus backflow occurs 
in the smaller capacity Fan II in the region where the air volume is smaller 
than that at Point S. Therefore, the overall characteristic curve can be indicated 
by the dashed line. The overall operating point when the pipe resistance is R1 
is therefore L, respective fans operate at B and C, and Fan I operates at A 
while Fan II operates at D when they are operated independently in the same 
pipe system. In the case where the pipe resistance is R2, the overall operation 
point is at X and the air volume is smaller than Air Flow N of Fan I when it is 
operated alone. Then Fan I operates at T while Fan II operates at Z, and the 
backflow occurs in Fan II at ZY.

As described above, parallel or serial operation of two fans are relatively easy 
when the two fans have similar characteristics, but it is necessary to examine 
carefully the performance curve and the pipe resistance curve when each fan 
is operated alone and to think if parallel or serial operation is useful or not. It is 
also important to inspect whether they have the stable operating point and 
their efficiency is appropriate.

● Parallel operation

1) Parallel operation of two fans having only downward sloping characteristics

Fig. 11

2) Parallel operation of two fans having the same pressure-flow characteristic 
 with peak

Fig. 12

3) Parallel operation of a large fan and a small fan whose characteristics are 
 very different

Fig. 13
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This is the simplest and most prevalent method of air flow control. The 
principle of control is as shown in Fig.14. When the fan performance 
curve intersects the pipe resistance curve RA at Point A, the fan operates 
at PA on the pressure and QA on the air volume. To tighten the discharge 
side damper means to increase the pipe resistance from RA to PB, which 
shifts the fan’ s operating point to Point B, where the wind pressure is 
shown by PB and the air volume is shown by QB. The shaft power may 
increase or decrease when the air volume increases, and, depending on 
the fan, the shaft power increases or decreases when the air volume 
decreases, but it shifts along the power curve. Since fans are designed to 
maximize the efficiency at the rated air volume QA, the efficiency 
decreases as the air volume is reduced.

The most significant feature of the air flow control on the suction side is 
that it can narrow the surging region, which provides an advantage. To 
show this in the state diagram would require complicated analysis, so only 
the resultant explanation is indicated in Fig.15.
As the surging point moves from M0 to M1 by changing the performance 
of the fan from PR0 to PR1, the surging region narrows. The reason why 
such change occurs is that tightening the suction damper increases the 
resistance and the resistance also decreases or increases in proportion to 
the square of the air volume. The shaft power decreases in proportion to 
the decrease in the suctioned gas.

This method is explained in the left figure, in which all the performance 
curves change similarly and the efficiency is the same at the moving 
points.

In this method, the air volume and the wind pressure are 
increased/decreased by changing the rotation for the absolute speed at 
the inlet of the impeller. The state diagram is as shown in the left figure.
As indicated in Figure, when the pipe resistance is kept constant and the 
air volume is reduced to Point A, the resistance loss PC-PB generated at 
the discharge damper is efficiently adjusted by vane control.

1-3. Air volume control

● Discharge damper control

Fig. 14

Fig. 15

Fig. 16

Fig. 17

● Intake damper control

● Rotational Speed Control

● Vane control
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When using a discharge damper, 
the air volume shifts on the fan performance 
curve and reaches to Point C.

A

B

0

0

0

When air volume is controlled 
to Point B, it is possible to 
efficiently adjust the static 
pressure by this amount.

  Performance curve in case  

  of introducing vane control
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