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Ideal Comfort in Air Conditioning

Many spesk about “ided living space” However,
such agpace cannat beredized eesily.

It is often sad that noise contrd or air conditioning
sddom devdops into good budness  People fed
momentary comfort when they movefromanaisy placetoa
quiet one, or from a humid placeto a cod one In time,
however, they get accusomed to the new place that is
rdativdy good in terms of noise contrd or air conditioning,
and begin to long for an even more comfortable
environment. This is the reason why efforts to create a
comfortabl e environment don’t make money.

The sameis true for the air conditioning of atrain car.
Among the fadtors rdevant to ar conditioning are
temperature, humidity and wind velodty. Thedesrableair
condition varies even with regard to the same person, or
according tothetype of train (eg. express or commuting).

In an express train, pasenges day in the same
compartment for a long time in the same posture, without
making much movement.  In such a Stuation, passengers
desreacdm ar condition under which they hardly percave
any drafts By contrag, in a commuter tran for
suburbanites, passengers want to fed drafts eg. when they
enter a car during rush hoursin ahat day. If there are no
perceptible drafts they may ask, “Is the air conditioner dl
right?” or voice amilar complaints

o What isaComfortableAir Condition?

Now the quedtion is How can comfort be represented
by numericd vdues? Table 1 shows a definition,
according to JS E 6603, of gandard temperature and
humidity conditions for train cars  This definition is based
on condderations of comfort and economicfactors  Also, a
gengd asumption is that people perceve drafts as
comfortable if their vdodty is about between 0.1 and 0.2
n/s

But there is a further question: Do people redly get
satidfied if they are in an environment whose conditions
med thecriteriain Table1? Thefact may bethat thistable
presmts only a point of reference, while desred
comfort-rdated conditions vary according totrain use

Tablel ComfortableAir Condition

Temperature] Relative | Wind velocity
humidity
(°cQ) (%) (m/s)
Cooling 26 55 About between

Sigeyuki TARUI
Research and Development Department

o Chaaderidics of Comfort Required for Express Tran

Cas

The Shinkansen (bullet traing) and ather express train
cars have entrances that separate compartments from the
externd gpace.  Compartments are subjected to rdativey
andl changes in temperaure, because the number of
passengers who movein or out a gopsissmal compared to
commuter trains  Also, passengears in a compartment
genegdly kegp the same pogure for a long time, without
making much movement.

[Absence of Percevable Drafts]

In such an environment, passengers are sengtive to
drafts from the air conditioning sysem. They surdy fed
discomfort when there are srong drafts.  Even in case of
drafts whose vdodties don’t exceed the recommended
range, passengers may cometo fed bad intimeif they sense
drafts blowing in the samedirection.

From the viewpoint of drafts a dedrade ar
conditioning system therefore mugt beable nat only to adjust
the wind velodity to the agresable range but to change the
wind direction from timetotime
[Ensuring aUniform Compartment Temperature]

Compared to commuter trains, express train cars, as a
whoe ae subjected to rdaivdy smdl changes in
temperature.  However, a look a different arees in a car
revedsthat areas at both ends of the car, located dose to the
entrances, are more subject to temperature changes than the
centrd area due to the opening and shutting of compartment
diding doors.  If block-type air conditioning equipment is
indaled on the cdling or under the floor, the equipment is
usudly placed in the centrd part of acar.  Accordingly, it
may beimpossble, dueto duct loss or ather factors, to adjust
the air condition as planned & border areasin a car, which
aredigant from the equipment.

An uneven temperaure didribution in a compartment
therefore results in the deterioration of sarvice qudity.
Accordingly, the train air conditioning system should be
designed to ensureauniform air condition.

o Charatteridics of Comfort Required for Commuter Trains

Compared to an express train, 9de diding doars of a
commuter train car are opened and shut more often.  Asair
movement between the indde and outsde of a car is mare
direct, the compartment is subjected to greater changes in
temperature, expedidly in areasnear sdediding doors
[Refreshing Draftg

After swdtering on a platform in a hat summer,



passengers want to get cool upon boarding a train. A
measure to meet thar expedtations is to give srong drafts
that make passengers fed a sharp decrease in perceived
temperaure

Currently, some commuter trains are equipped with cross
flow fans etc. that provide refreshing drafts

[Changing theAir Condiition from Placeto Place]

While an area ner a sSde door is subject to great
temperature changes, temperature in the seets area between
side doars, in which there are less passenger movements, is
assumed to bemoredade

Accordingly, it may be necessry to change the ar
condition from place to place  In summer, for ingance, a
lower temperature may haveto be st in thearea doseto a
sidedoor than in the seetsarea.

o Current Air Conditioning System

Next, we will ook & air flowinacar. Table2 shows
typicd ar conditioning sysemsfor train cars.  The systems
are broadly dassified according to the position a which arr
conditioning equipment is mounted.  In conventiond train
cars the equipment is generdly mounted on the cdling.
On the other hand, it is mounted under the floor in a
Shinkansn car, or other cars that need a low center of
gravity.

All these systems have some disadvantages rdaed to
the center of gravity, duct loss, equipment space etc.

For mog train cars in Jgpan, the ar conditioning
equipment is designed to give drafts downward from near
the caling, or obliqudy upward from near the rack. This
means that drafts flow badcaly from top to battom, if seen
from the pergpective of a compartment asawhoe

o Air Howsfrom Battomto Top

As shown in FHg. 1, ar in atran ca, aswdl asin a
living gpace, mostly flows from battom to top due to the
effect of heat from human bodies, equipment, sunlight etc.
(though this is not necessrily true, depending on such
factors as the movement of people, the opening of windows
and the operation of air conditioning equipment).

As mentioned above, a train ar conditioning system
sends drafts from the upper pat of a compatment (a
position near the cdling, therack etc.), which is digtant from
passengers.  Accardingly, the system tends to give srong
drafts of high vdocities.

A conduson from the discusson 0 far is that the
direction of air flow in a generd living pace is oppogte to
that of draftsfrom air conditioning equipment.  Thismeans
that, for ingtance, rising digarette anoke cdlides with drafts
blowing downward. Smoke with its odar, is therefore
perturbed and diffused over the entire compartment (Fig. 2).

If drafts can be sent from the lower pat of a
compartment (i.e from a position nearer to passengers), to
accord with the badc ar flow from bottom totop in aliving

pace, it will become feesible to give softer drafts of lower
veodties Also, providing an ar exit or a ventilaing
opening in the upper part will make air flow one-directiond,
from bottom totop.  Thiswill prevent dgarette amoke ec.
from being diffused over the entire compartment, and help
cregtean ided air condition (Fig. 2).

This design for a comfortable air condition, if redized,
will fegture ar conditioning equipment and supply ducts
indaled under thefloor.  Barring problemswith ingalation
pace, the design will dso contribute to deve oping a system
with alow center of gravity and limited duct loss

My proposa for ided comfort in ar conditioning
involves various tasks that nead be fulfilled to turn the idedl
into aredity. We mug continue to make seady efforts to
offer passengersacomfortablein-vehid e environment.



