
51JR EAST Technical Review-No.38-2018

Special edition paper

In order to secure high-speed and stable operation of Shinkansen trains in heavy snowfall regions, water-sprinkler snow 
melting systems are installed in sections totaling 76 km on the Joetsu Shinkansen Line.  There are 32 snow melting bases, 
and heating systems are also installed at 29 of those.  Those systems consume huge volumes of energy.  In terms of CO2 

emissions, energy from just kerosene in the water-sprinkler snow melting systems for the Joetsu Shinkansen comes to 
approx. 17,000 tons (fiscal 2016 actual) despite the fact that those systems are used only in winter, accounting for approx. 
0.8% of the annual CO2 emissions of JR East.  At the same time, the current heaters have been used for 16 years since 
installation, so development of a new heating system is desirable in view of future system upgrading.

In light of that, we have developed a space-saving high-power heater with a high-efficiency control logic that enables energy 
saving control with the aim of energy saving and reduction of environmental load.  This paper reports the development.

2. Development Overview

2.1 Development Purpose
The new heater developed is a vacuum-type water heater of a furnace tube structure, which has the greatest output power 
(2.3 MW) out of all of the heaters currently used for the snow melting systems.  Table 1 shows our development targets.  
For the target external dimensions, we adopted dimensions wherein the developed heaters would be able to fit within the 
space for the current heaters.  The targets for heating capacity, combustion control, and the like will be described in the 
following paragraphs.
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Item Current Target

External dimensions (mm) H×W×D＝1,838×1,524×4,358 Current dimensions + approx. 10%
Heating capacity (kW) 2,326 125% (2,907 kW) or more of current heating capacity

Heating efficiency 91% Equal to or better than current heating efficiency
Combustion control Three-step control Proportional control

Addition of monitoring function No Heating medium water temperature,
condition change, etc.

Coordination with control system
of water-sprinkler snow melting system No Yes

Table 1  Development Targets
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2.2 Heater Development Objectives
(1) Advantages of higher-power heaters
The greatest advantage of higher-power heaters is that they enable reduction in the number of heaters to be installed, 
thus allowing maintenance costs to be controlled.  In order to determine heating capacity of the higher-power heater, we 
considered and evaluated in past research six preconditions: heater size, heating efficiency, possibility of coordination with 
control, monitoring function, development period, and reduction of life cycle cost (LCC).  As a result, we concluded 
that output power of 2.9 MW is optimal in the range of 2.6 to 3.5 MW (110 to 150% of the 2.3 MW maximum output 
power of the current heater) and therefore set a development target of 2.9 MW heating capacity.  By replacing 328 
current heaters installed for the Joetsu Shinkansen with those 2.9 MW higher-power heaters, the number of heaters can 
be reduced by 40% to 191.  Higher output power per heater allows a smaller number of heaters to be installed, taking 
into account the amount of heat required per snow melting base.
(2) Proportional combustion control of heaters
Up to 15 heaters with the largest output power of current heaters (2.3 MW) are installed to a single snow melting base.  
A high-order control system calculates the amount of heat (heat load) required for snow melting sprinklers depending on 
the snowfall condition; and based on that result, it finds the heater operation control command value (number of heaters 
to operate rounded off to the first decimal place).  On the other hand, heaters themselves also perform combustion control 
in three-step control (100% output, 50% output, off ) according to heating medium water temperature while they  
perform operation output specified by the control command value.  Table 2 lists the heater operation control command 
values and heater output power by three-step control.  The table shows that, in three-step control, excessive heater 
operation output power is generated when compared with the specified value, causing a problem in following capability 
in terms of heat load.  Additionally, past research demonstrated that intermittent combustion causes purging loss (loss 
by furnace ventilation during combustion suspension) and heat discharge loss, accordingly reducing efficiency.  We thus 
changed the combustion control method from three-step control to proportional control to improve following capability 
in terms of heat load and to increase burner turndown (to increase ratio between minimum output and rated output), 
allowing a single heater to cover a larger output range.  This reduces frequency of combustion/suspension changeover of 
a heater and consequently reduces heat discharge loss and other losses.

3. Production of the Developed Heater

3.1 Overview of the Developed Heater
Table 3 shows the major specifications of the developed heater.  A larger heat exchanger is used for higher output power 
and twisted tubes of thinner diameter than that of current tubes are adopted to increase the heat transmission area.  Fig. 1 
shows the external appearance of the developed heater installed to the test equipment.

Command value Heater operation output Excess power Output conversion value (kW)

1.0 100% output (1 heater) 0 0
1.1 - 1.5 100% output (1 heater) + 50% output (1 heater) 0 - 0.4 0 - 930
1.6 - 2.0 100% output (2 heaters) 0 - 0.4 0 - 930

Table 2  Heater Operation Control Command Value and Heater Operation Output by Three-step Control

Item Design value Item Design value

Heating capacity (kW) 2,907 Furnace

Diameter (mm)
Heat transmission area (m2) 39.7 Effective length (mm) 2,590
Storage water heater body type Furnace tube

H
eat exchanger

Type Horizontal U-shaped tube

Tubes

Tube type
Twisted 
tube

Heat transmission tube
Staggered array (per tube)

Tube diameter (mm) Number of tubes 2
Effective tube length (mm) 2,720 Heat transmission area (m2) 23.1 (per tube)
Number of tubes 75

  10×t0.4×128 tubes

  50.8

  850

Table 3  Major Specifications of the Heater Developed
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3.2 Testing of the Developed Heater
We carried out various tests on the developed heater and confirmed that it could meet the performance requirements.  
Major test items are as follows.
(1) Performance test
Table 4 shows major measurement results such as heating medium water temperature and heating efficiency per output 
power.  Heating efficiency was calculated by the loss method of calculating boiler efficiency stipulated in JIS B 8417 and 
heat discharge loss was measured.  Heating efficiency at the rated output (2,907 kW) was 91.1% in the conditions of 
air temperature 20.8 ºC, heating medium water temperature 74.9 ºC, and exhaust gas O2 3.53%.  The results reached 
the target values.  Fig. 2 shows a comparison between heating efficiency curves of the developed heater and current one.  
We were able to confirm that heating efficiency of the developed heater was improved over that of the current one at all 
outputs by increasing output heating power, introducing proportional control, and increasing turndown, while heating 
efficiency at the rated output of the developed heater was equivalent to that of the current one.

(2) Load fluctuation test
To check combustion amount following capability with regards to load fluctuation, we carried out load fluctuation tests.  
Test results are shown in Fig. 3.  While set value of heating medium water temperature (80 ºC) was kept within the range 
of ±2 ºC, combustion amount followed load fluctuation.  The results confirmed that the developed heater has no problem 
in combustion performance in load fluctuation.

Oil supply piping (for testing)

Proportional control burner

Warm water piping (for testing)

Heat exchanger header

Storage water heater body

Item Unit High combustion Low combustion

Output kW 2,907 2,675 2,326 1,745 1,163 959
(Ratio of current output) (125%) (115%) (100%) (75%) (50%) (41%)

Load rate % 101 92.8 79.8 60.6 39.7 32.7
Air temperature °C 20.8 21.5 21.4 21.2 20.4 19.2

Heat medium water temperature °C 74.9 74.9 74.6 75.0 75.1 75.3
O2 concentration % 3.53 3.53 3.48 3.46 3.47 3.54

Exhaust gas temperature °C 207.1 198.1 183.5 161.2 133.4 114.6
Heat discharge loss % 0.2 0.2 0.3 0.3 0.5 0.6
Heating efficiency % 91.1 91.5 92.2 93.2 94.2 94.9

Table 4  Performance Test Results
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Fig. 2  Comparison between Heating Efficiency Curves of  Developed and Current Heaters

Fig. 1  External Appearance of the Developed Heater Installed to the Test Equipment
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(3) Addition of monitoring function and coordination with high-efficiency control logic
We added to the developed heater a monitoring function with which heater operation can be coordinated with high-
order control logic according to the heater condition information.  Information obtained is used to decide the order 
of priority in which to operate heaters as well as to perform condition-based maintenance.  We carried out a test of 
coordination with high-order high-efficiency control logic and were able to confirm that the control logic and operation 
of the heater were successfully coordinated.

3.3 Performance of the Developed Heater
Table 5 shows the results with regards to set targets.  Although height in the external dimensions of the heater increased by 
12% over the current height while the target was +10%, all other targets were achieved.  As current snow melting bases are 
restricted in terms of installation area rather than installation height, priority was placed on reducing installation area, and 
thus height increased by 12%.  This height increase can cause problems in terms of bringing in the heater at installation 
for system update, so we are planning to redesign to reduce height of the final product.  Furthermore, by increasing 
turndown of the burner to be built in the heater, the developed heater can follow to a lower load range.  That achieved 
improvement of following capability with regards to heat load and reduction of loss due to heater operation suspension.  
In this development, we increased turndown to as high as 33% of minimum output to rated output while the turndown 
ratio of the current heater is 2:1 (100% - 50% - OFF).

4. Conclusion

Aiming for energy saving and reduction of environmental load, we have developed a space-saving high-output heater 
for snow melting bases.  In addition to function improvements such as higher output and energy-saving control, we 
made the external dimensions of the heater compact those that would allow it to be accommodated in the installation 
space of the current heater in order to save labor in system updates.  Major improvements include larger capacity of heat 
exchangers with a switch to higher-output heaters, proportional combustion control, higher turndown of burners, and 
addition of a monitoring function.  At actual deployment, we will further study details of the monitoring function with 
an eye to reduced labor in maintenance by condition-based maintenance using heater condition information such as 
defect prediction.
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Fig. 3   Load Change Test Results

Item Current [Target] Result

External dimensions (mm) H×W×D=1,838×1,524×4,358
[current dimensions + approx. 10%]

H:+12%  W:+5%  D:+9% 
(H×W×D=2,055×1,603×4,741)

Heating capacity (kW) 2,326 kW [125% or more of current power] 125% (2,907 kW)
Heating efficiency 95% [equal to current heating efficiency] 91%

Combustion control Three-step control [Proportional control] Proportional control (Turndown ratio 3:1)

Addition of monitoring function None [Heating medium water temperature,
condition change, etc.]

Heating medium water temperature,
condition change, etc.

Coordination with control system of
water-sprinkler snow melting system No [Yes] Yes

Table 5  Results Compared to Targets


