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Air conditioning ducts of commuter trains are installed on the ceiling in order to send to the cabin cool air created in air 
conditioners at the center of the rooftop of vehicles.  Fig. 1 shows air conditioning ducts in the cabin and Fig. 2 shows 
individual conditioning ducts.   Cool air is sent to the ends of the car by the right and left ducts in the direction shown by 
the arrows in Fig. 1, and air is blown into the cabin from the outlets in the ceiling.  Air conditioning ducts have insulating 
performance in order to prevent condensation from forming on the outer surface due to the effect of cool air and causing 
water droplets to drip. 

Weight reduction and cost reduction are desirable for air conditioning ducts in order to allow the vehicle to be lighter 
and have lower center of gravity, and to improve ease of assembly.  Improvement of the cabin thermal environment is also 
desirable as many customers have said that those are too hot or cold.  This is because irregularity in temperature occurs 
in the cabin thermal environment when there are passengers aboard.1)  We have found in past research that, in order to 
improve on irregularity in temperature, the direction and volume of cool air blown into the cabin is important, and air 
conditioning duct structures to achieve this have been proposed.2)

In this development, we produced a prototype air conditioning duct that achieved weight reduction and cost reduction 
by reviewing the materials they are composed of and production processes as well as achieving improvements to irregularity 
in temperature that reflect past studies.  And we evaluated wind direction and air volume as well as performance in 
preventing condensation.

1. Introduction
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Weight reduction, cost reduction, and comfort improvement are desirable for air conditioning ducts.  This paper covers 
development of a prototype air conditioning duct by changing the duct material and manufacturing method, reflecting simulation 
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showed that the prototype was good, and we gained prospects that it can be used for commercial vehicles.
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Fig. 1  Air Conditioning Duct (Cabin Ceiling)
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Fig. 2  Air Conditioning Duct (Before Installation)

Flow of air
(inside ceiling)

Flow of air
(inside ceiling)

OutletOutlet OutletOutlet

OutletOutlet

Flow of air Flow of air 



62 JR EAST Technical Review-No.39-2020

Special edition paper

2. Air Conditioning Duct Prototype

2.1 Study for Cost Reduction 
Current air conditioning ducts equipped to rolling stock are mainly FRP with insulation affixed and those composed of 
aluminum and insulation composite materials.  In this development, with an aim of reducing weight and cost, we studied 
constructing air conditioning ducts by engineering plastic foam molding.  We selected Asahi Kasei “SunForce” modified 
polyphenylene ether foam as the material due to its strength, insulating properties, and moldablity.3)   

2.2 Structure for Improving on Irregularity in Cabin Temperature
In order to improve on irregularity in temperature when passengers are aboard, wind direction that is currently at an 
angle to the center laterally and to the ends longitudinally needs to be straight down, as shown in Fig. 3.2)  And air 
volume, which is currently large at the center and ends of cars, needs to be increased at the center and door sides, as 
shown in Fig. 4.2)  Fig. 5 shows the results of simulation of cabin temperature distribution by improving wind direction 
and air volume (half of cabin and interior wall temperature actual measurements).2)  Temperature distribution after 
improvement has no low temperature spots as currently seen at the center and ends of cars, and we found that irregularity 
in temperature is reduced. 

The cause of wind direction laterally being at an angle toward the center is that the outlet before improvement broadens as 
shown in Fig. 6, causing air to flow toward the center.  Making the outlet straight as shown for after improvement is thought 
to result in improvement.  The cause of wind direction longitudinally being at an angle toward the ends is the inertia of cool 
air flowing from the air conditioner on the roof toward the ends causing air to be blown at an angle.  Sectioning the front 
chamber into arched small chambers in the longitudinal direction as shown in Fig. 7 is thought to improve that.  Air volume 
is changed by the number of holes in the separating plate between the front chamber and duct, as shown in Fig. 7.  

Fig. 7  Structure for Improving Wind Direction 
(Longitudinal) and Air Volume Adjustment

Before improvement After improvement

Adjust by number of
separating plate holes Separate into 

small chambers

Current temperature distribution Temperature distribution after improvement

Center Car end

DoorSeat Seat Door Seat DoorSeat Seat Door Seat

Center Car end
Passenger Low

temperature part

DuctDuct

CabinCabin CabinCabin

Front 
chamber 
Front 
chamber 

DuctDuct
Front 
chamber 
Front 
chamber 

Front 
chamber 
Front 
chamber 

DuctDuct

DuctDuct

Low
temperature part

Front 
chamber 
Front 
chamber 

Fig. 5  Temperature Improvement

Fig. 6  Structure for Improving Wind Direction 
(Lateral)
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3. Verification

3.1 Weight and Cost Estimation Results
As a result of creating a prototype for one car, duct weight was reduced approx. 35% from 384 kg to 237 kg, and cost was 
reduced approx. 4% from 900,000 yen to 860,000 yen.4) 

3.2 Verification of Wind Direction and Air Volume Improvement 
3.2.1 Method of Verification 
In order to confirm the effects of wind direction and air volume improvement with the prototype air conditioning duct, 
we applied wind to the duct and measured wind direction and air volume at an outlet.  

We attached the prototype air conditioning duct for one car to a frame simulating the ceiling of the car and confirmed 
wind direction.  For air volume, we used the 120m3/min air volume of rolling stock air conditioners.  To measure wind 
direction, we affixed a protractor with a string to an outlet and measured the angle of the string.  And to calculate air 
volume, we affixed a duct to an outlet and measured the wind speed in the duct and multiplied that by the duct cross 
sectional area. 

3.2.2 Results of Verification
The results of measuring wind direction at longitudinal location of the prototype and Series E233 air conditioning ducts 
are shown in Fig. 8 (measured in lateral direction) and Fig. 9 (measured in longitudinal direction), and the results of 
air volume distribution are as shown in Fig. 10.  The vertical axis in Fig. 8 is angle of wind with straight down being 0 
and toward the side a positive value and toward the center a negative value when measured in the lateral direction, and 
that in Fig. 9 is straight down being 0 and toward the end of the car a positive value and toward the center of the car 
a negative value when measured in the longitudinal direction.  While wind direction with the Series E233 was toward 
the center measured laterally and toward the car ends measured longitudinally, we found that air was blown straight 
down when measured laterally and longitudinally with the prototype.  And while air volume was large at the center and 
tended to decrease moving toward the ends and was large at the ends with the Series E233, air volume standard deviation 
was homogenized from 0.27 to 0.18, being larger at the center and next to doors, with the prototype.  From this, we 
confirmed that the prototype can possibly contribute to improving irregularity in temperature.

3.3 Verification of Condensation Prevention Performance
3.3.1 Method of Verification
In condensation tests, we replicated atmospheres (cabin temperature and humidity, cool air temperature) at which 
condensation dripped in cars in commercial operation in the past and confirmed that condensation does not occur in the 
developed air conditioning duct.  And in order to confirm the limit, we lowered cool air temperature and measured the 
temperature at which condensation occurs.

Fig.11 shows an outline of the testing device.  We placed the prototype air conditioning duct in a chamber with 
constant temperature and humidity and placed a spot cooler (2.5 kW) outside the chamber, and those were connected 
with flexible duct.  To measure temperature, we attached thermocouples at the locations indicated by (1) to (7) in Fig. 11.  
Details of the locations where thermocouples were attached are shown in Table 1. 

In tests, we set the chamber with constant temperature and humidity to 27.5 ºC and 79% RH and ran the spot 
cooler until temperature of cool air in the air conditioning duct (1) was 17 ºC and confirmed visually the occurrence 
of condensation with thermocouple temperature stable.  This was done in order to replicate atmospheres at which 

Fig. 8  Results of Wind Direction 
Measurement (Lateral)

Fig. 9  Results of Wind Direction 
Measurement (Longitudinal)

Fig. 10  Results of Air Volume 
Distribution Measurement
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condensation dripped in cars in commercial operation.
And in order to confirm the limit of condensation prevention performance, we conducted tests that lowered the 

temperature of cool air in the air conditioning duct (1) until condensation occurred.

3.3.2 Results of Verification
Table 2 shows the results of temperature measurement in condensation tests.  At 17 ºC temperature of cool air in the 
air conditioning duct (1), condensation did not occur with the prototype.  When temperature of cool air in the air 
conditioning duct (1) was made to be 14 ºC, condensation occurred on the surface of the bottom of the air conditioning 
duct (4).  And at 13 ºC, condensation occurred on the surface of the rising part of the air conditioning outlet (5) as well.

Condensation did not occur until the temperature of cool air in the air conditioning duct (1) in the prototype was 
lower than cool air that flows in actual cars, so we found that the possibility of condensation occurring is low and 
condensation prevention performance is good. 

4. Conclusion

In this development, we made a prototype air conditioning duct for commuter trains that incorporated a structure with 
weight and cost reductions and improved irregularity in temperature and verified improvement to wind direction and air 
volume distribution as well as condensation prevention performance.  From the results, we confirmed the possibility of 
putting that into practical use as the wind direction and air volume distribution contribute to improving on irregularity in 
temperature and condensation prevention performance is good.  Into the future, we will plan and implement tests on active 
duty cars with an aim of putting the air conditioning duct into practical use.
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Table 1  Details of Thermocouple Attachment Locations

Number Details

(1) Temperature of cool air in the air conditioning duct 

(2) Ambient temperature in chamber with constant temperature and humidity 

(3) Temperature of top surface of air conditioning duct bottom

(4) Temperature of bottom surface of air conditioning duct top

(5) Temperature of surface of air conditioning duct outlet rising part

(6) Temperature of surface of interior of conditioning duct top

(7) Temperature of surface of interior of conditioning duct bottom  
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Fig. 11  Overview of Condensation Testing Device

Thermocouple (1) (2) (3) (4) (5) (6) (7) Location of condensation

Temperature 

18.0 27.8 26.0 25.0 23.0 19.6 20.3 None

17.0 27.8 25.8 24.8 22.5 18.8 19.7 None

16.0 27.8 25.2 24.6 21.5 18.0 18.6 None

15.0 27.8 24.8 24.3 20.8 16.8 17.5 None

14.0 27.8 24.3 23.8 19.3 16.2 16.7 (4)

13.0 27.8 24.0 23.5 18.5 15.2 15.7 (4)(5)

Table 2  Results of Temperature Measurements [ºC]


