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Under the Paris Agreement (COP21), an interna-
tional framework on global warming and other climate 
change issues adopted in 2015, Japan has set a goal of 
reducing its greenhouse gas emissions by 26% by 2030, 
compared with 2013 levels.

In addition, the 2018 amendment to the “Act on 
the Rational Use of Energy” (Energy Saving Act) estab-
lished a new system to provide a special depreciation 
of 30% or a tax credit of 7% of the acquisition price of 
newly purchased energy-saving equipment through the 
“Tax System for Promoting Investments that Advance 
Energy Savings and Renewable Energy” in order to 
thoroughly promote energy savings in society.

Encouraged by these agreements and amended 
laws, households and businesses have been widely 
implementing energy savings of electricity through the 
purchase of eco-friendly products and the use of renew-
able energy sources such as solar power.

Electricity can be easily measured, and various 
energy-saving measures have been already performed 
by visualizing.  Therefore there will not be much room 
for savings.  On the other hand, steam is diffi cult to 
measure and visualize and this makes it hard to see 
the effect on energy savings.  Even when energy-saving 
measures are implemented, it is thus often diffi cult to 
sustain them.  However, in order to achieve further en-
ergy savings, it is inevitable that steam usage will also 
need to be optimized.

1.  Ultrasonic Flowmeters for Steam

In order to achieve steam visualization, Fuji 
Electric has developed and commercialized a clamp-on 
ultrasonic fl owmeter for steam that can be mounted to 
piping externally (see Fig. 1).

This is the world’s fi rst clamp-on ultrasonic fl ow-
meter for steam that can measure pressures as low as 
0.1 MPa (G), and can even measure the terminal fl ow 
rate of boiler equipment.

Conventional differential pressure fl owmeters are 
susceptible to large orifi ce-induced pressure losses and 
require maintenance if they become clogged.  Energy 
loss due to pressure loss is not desirable when measur-
ing fl ow rate for the purpose of achieving energy sav-
ings.

Furthermore, insert-type fl owmeters, including 
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vortex fl owmeters, carry the risk of equipment failure 
due to water hammer or excessive steam fl ow.

In contrast to this, clamp-on fl owmeters suffer no 
pressure loss and are not affected by changes in the 
condition of the measurement fl uid.  Therefore, there is 
no energy loss and the risk of equipment failure is low.

Furthermore, there is no need to cut pipes to in-
stall the sensor, which eliminates concerns about 
steam leaks.  Moreover, the entire sensor can be cov-
ered with insulation, making it ideal as an energy-
saving device with little energy loss due to the low heat 
dissipation.

2.  Features

This product, which measures the saturated steam 
of boiler equipment, has the following features:
(1)  Installable without piping work even while the 

equipment is in operation
The fl owmeter can be externally mounted on a 

pipe, so that it can be installed fl exibly even while the 
equipment is in operation.  Furthermore, the sensor is 
mounted on a rail, enabling its mounting position to be 
adjusted easily and quickly.
(2)  Capable of measuring both low-pressure and high-

temperature steam
This fl owmeter can measure low-pressure steam, 

which was diffi cult for conventional ultrasonic fl owme-

(a) Flow transmitter

(b) Detector

Fig.1    Ultrasonic fl owmeter for steam (clamp-on type)
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ters.  It can also measure steam up to 180 °C, which is 
lower than the Curie point, enabling the ultrasonic os-
cillator to maintain its magnetism.
(3)  Capable of mass flow conversion

The flowmeter can output mass flow rate by cal-
culating the density from the steam temperature ac-
quired from an external input signal (analog input) or 
measured by an optional platinum resistance tempera-
ture detector.
(4)  High accuracy and fast response

The flowmeter achieves a response time of 0.2 
seconds with the high-speed field-programmable gate 
array (FPGA) .  It can measure fast flow rates is fast, 
despite a clamp-on type, ensuring a measurement ac-
curacy of 3.0% at10 to 30 m/s.

Table 1 provides the main specifications of the 
product.

3.  Measurement Principle

Similar to ultrasonic flowmeters for fluids, the 
flow rate is measured using the transit-time difference 
method.  In the transit-time difference method, ultra-
sonic pulses are sent back and forth between a pair of 
sensors so as to obliquely cross the measurement fluid.  
The transit time will differ depending on the flow rate 
of the measurement fluid.  Differences in the transit 
time are used to measure the flow rate of the steam 
(see Fig. 2).

Steam and gas are difficult to measure with con-
ventional techniques because their ultrasonic trans-
mittance is only about 1/2,400 compared with that of 
fluids.  However, we modified the sensor structure so 
that it could improve the efficiency of ultrasonic wave 
propagation.  In addition, as shown in Fig. 3, we in-
creased the S/N ratio by wrapping noise absorbing 
material around the pipe surface in order to greatly 
reduce the noise coming from around the pipe surface.

The product uses lamb waves for measuring, in-
stead of longitudinal waves commonly used for liquid.  

The sound rays in the fluid propagated from the lamb 
waves are widely distributed, which is a beneficial na-
ture for high sensitivity and resistance to splashes.

The lamb waves are excited when the phase speed, 
wedge sound speed and incident angle satisfy Equation 
(1).

=
Ci

Cp θ isin
 ........................................................... (1)

 Cp :  Lamb wave phase speed
 Ci  :  Wedge sound speed
 θ i  :  Wedge incident angle

The sensor configuration is determined by obtain-
ing the phase speed of the lamb waves from the wedge 
sound speed and incident angle, selecting the mode to 
be measured from the dispersion curve, and obtaining 
the frequency of the oscillator from the pipe thickness 

Table 1  Specifications

Item Specification

Applicable fluid Saturated steam

Minimum pressure 0.1 MPa (G)

Maximum fluid 
temperature 180 °C

Accuracy ±3.0% of rate (10 to 30 m/s)

Diameter 50 A (SGP*1 pipe, SUS*2pipe)

Pipe thickness 2.8 to 3.9 mm

Straight pipe 
length Upstream 20D*3, downstream 10D or more

Output
4 to 20 mA DC × 1
Contact output × 1

Integrated pulse output × 1

Power supply 100 to 240 V AC, 50/60 Hz

*1:  Carbon steel piping pipes
*2:  Stainless steel pipes
*3:  Pipe inner diameter
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Fig.2  Transit-time difference method
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Fig.3  S/N countermeasure
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and the transverse sound speed of the piping (see Fig. 
4).

4.  Application Examples

4.1  Application example 1 (sterilization facilities)
We conducted a field test at a certain plant to diag-

nose energy savings by analyzing the heat balance of 
steam used in the plant’s sterilization facilities utiliz-
ing a steam ultrasonic flowmeter.

In the facilities of this example, steam was used 
as the heat input for heating the hot water of a heat 
exchanger.  A steam flowmeter was installed at the 
steam inlet (see Fig. 5).  In addition, a temperature 
sensor and ultrasonic flowmeter for liquids were also 
installed to create a system that could connect to the 
in-house evaluation server in order to remotely moni-
tor the collected data in real time.

The steam’s heating quantity was discharged with 
the factory products and consumed by the cooling wa-
ter and the heat loss due to drainage and hot waste 
water.

The results of the field test revealed the following:
(a)  The products’ outlet temperature was at least 

5°C above its design value.
(b)  Approximately 30 kW of flash steam was gener-

ated from the hot waste water.
(c)  Heat input from steam existed even when the 

facilities were stopped.
Therefore, we analyzed the causes of these phe-

nomena.  The reason why the product outlet tempera-
ture was higher than the design value was because 
the amount of heat recovered was lower than the de-
sign value due to aging of the heat exchanger.  The 
flash steam was generated because 0.3-MPa (G) high- 
pressure water flows into a 0.0-MPa (G) pipe.  As a re-
sult, we found that the flash steam could be separated 
and recovered in the flash tank and that the hot waste 
water could be recovered and used as waste heat by 
utilizing a heat pump.

4.2  Application example 2 (Boiler equipment)
We learned that the steam flow rate had never 

been measured for the boiler equipment at a certain 
plant.  Therefore, the purpose of the field test was 
to install a steam flowmeter to investigate whether 
wasteful consumption was occurring and to propose 
energy-saving measures.

Although the installation space and surrounding 
area was insufficient, we were able to mount a sensor 
to the vertical pipe located immediately behind the 
header as shown in Fig. 6.

After taking measurements for about two weeks, 
we found that 4 m3/h of steam was always flowing even 
at night and on holidays when there were no personnel 
at the plant and that there was wasteful consumption, 
such as a large amount of steam suddenly flowing at a 
certain time during holidays.  As a result, we investi-
gated the operating conditions of the boiler.

As can be seen from these examples, this product is 
effective as an energy-saving device for steam.

iθ

Fig.4  Lamb wave excitation conditions
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Fig.5  Sterilization facility heat exchanger diagram
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Launch date
June 2019

Product Inquiries
System Sales Engineering Department, Automation 
Systems Division, Power Electronics Systems  
Industry Business Group, Fuji Electric Co., Ltd.
Tel: +81-3-5435-7021



＊  All brand names and product names in this journal might be trademarks 
or registered trademarks of their respective companies.


