P r—— e+~ e e e . - e g . s e mmme tt g

HEATING VENTILATING AIR CONDITIONING GUIDE 1938

TasLE 1. ELeEcTrRIC POWER REQUIRED TO QOPERATE SYSTEM

SrsrEM Kowarrs
Electro-Mechanical 10.50
Direct Drive Mechanical 1.00
Internal Combustion Engine Mechanical 1.25
Steam-Ejector. 3.35
Ice-Activated 1.20

Total Power Requirements

In addition to the electric power requirements, for continuous operation
at average temperatures, the direct drive mechanical system requires
.10.24 hp from the car axle and the steam-ejector system requires 230 1b
steam per hour from the locomotive boiler for a 6-ton unit. The ice-
activated system requires 463 1b of ice per hour and the internal com-
bustion engine drive mechanical requires 7.3 1b propane per hour. This
. power, with the exception of the ice and propane, as well as the power
required to move the extra weight of the equipment and the power
required to overcome the axle bearing friction, must be supplied by the
locomotive en route, and if a number of cars in the train are air condi-
tioned, the effect on train performance should not be overlooked. The
demand for power for cooling comes, however, at the time of the year
when steam for heating is not required, and the demand for lighting is
at a minimum. :

The total power required by the air conditioning systems will vary with
the speed of train operation because of the effect of speed upon the drive
efficiency and upon the resistance due to the added weight of the equip-
ment. Fig. 1 shows the effect of speed upon the efficiency of the direct
drive used with the direct mechanical system, and upon the average

-efficiency of four mechanical drives and generators used for electric power
generation. The total increase in weight of passenger cars because of air
conditioning is approximately 9,600 1b for the. electro-mechanical,
8,600 1b for the direct mechanical, 8,600 1b for the internal combustion
engine drive mechanical, 11,300 1b for the steam, and 8,500 b for the
ice-activated system.

The average refrigeration load has been found to be 3.3 tons, and the
average capacity of air conditioning systerhs is about 5.92 tons. The
. relation.of load to capacity, 3.3 = 5.92 = 0.56 or 56 per cent, is that

" percentage of the time during the cooling season that the cooling equip-
ment will be in operation. The average drawbar horsepower- demand
upon a locomotive, accordingly, consists of 56 per cent of the horsepower
required for continuous operation and 44 per cent of the horsepower
required for non-operation. Table 2 shows the drawbar horsepower that
must be supplied by the locomotive for each air-conditioned car for
continuous operation of the air conditioning system, for non-operation
of the equipment, and for an average condition when the air conditioning
equipment is operating continuously 56 per cent of the time and is not
operating 44 per cent of the time. It is important not to overlook the
" horsepower demand on the locomotive when the air conditioning equip-
ment is not operating, which includes the horsepower required to operate
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the blower fan, to haul the weight of the equipment, to overcome drive
and geneérator friction, and to replace the losses occasioned by the re-
moval of current from the storage battery.

Fig. 2 shows the tractive resistance of a 75-ton passenger car with six
wheel trucks without an axle generator, with a 4 kw generator load, and,
for the same car with an increase in weight of 5 tons and a 20 kw axle
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generator load. The curve with the 4 kw generator is representative of a
car before air conditioning, and the curve with the 20 kw generator and
5 tons added weight is representative of a car after air conditioning.
At 50 mph, the tractive resistances of these two cars are 520 Ib and 745 b
. g 225 X 5280 X 50 ,
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. %pectzlvely,or adifference of 2251b. Then: 60 X 33000 29.7 hp
is required due to a 16 kw load and 5 tons added weight. Ten cars with a
similar load would require 297 horsepower or roughly 10 per cent of the
capacity of a 3,000 hp passenger locomotive. o
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