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Abstract

The aim of this study is to relieve the poor ventilation problem of the diesel locomotive engine load test building,
located in an urban area. This paper evaluates the ventilation performances of the studied load test building based
on the temperature measurement experiment and the computational fluid dynamics (CFD) during the engine load
test. The temperature rise caused by the radiator blower of the building was turned out to be the main cause of
disturbing the thermal conditions of the building. The indoor temperature distributions simulated by Fluent were
validated with the temperature measurement results obtained from the studied building. The simulation results
indicated that the comfort condition of this building was poor. We suggested several remedial changes in the duct
structure of this building for the improvement of the comfort conditions. In addition, a prototype drawing
combining several improved design options was proposed, and then the simulation of the temperature distribution
in the proposed prototype was performed. The result indicated that the indoor thermal condition of this proposed
building was improved when compared with that of the current building.
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Fig. 1. Schematic diagram of the studied building.
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Table 1. Principal features of the analysis used in this
study.

Items Contents

Right-hand Cartesian coordinate system

Coordinat t . .
ocordinate system Vertically upward Y -axis

Problem type 3D steady state incompressible

Solver type Segregated explicit

Turbulence model k-¢& model with standard wall function

Operating Gravitational acceleration (9.81 m/s?) in—-Y
condition direction 35
. . Standard for pressure

Discretion

Second order upwind for all other variables

Table 2. Boundary conditions of the cases studied.

Classification Boundary condition Value
Axial fan (velocity—inlet) ~ 130CMM"
Intake Ventilation open window
(inlet-vent) 101,325 Pa
Exhaust Axial fan (pressure-outlet) 695CMM
Wall Wall (wall) 27.0°C
RBL? intake grill 101,299.6 Pa,
(pressure—outlet) 52.3°C
RBL exhaust grill o
Diesel (velocity —inlet) 3.78mfs, 65.5°C
locomotive  Engine air intake

101,322.5Pa, 35°C

63.7°C
40.7°C

(pressure—outlet)
Engine room (wall)
RBL room (wall)

' CMM : cubic meter per minute (m*/min).
» RBL : radiator blower.
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Table 3. Characteristics of engine tested in the study.

Maker EMD, GM
Model 16-645E3
Cylinder (mm)

(bore X stroke) 30254
Cycle 2
Compression ratio 14.5:1
Pulling capacity (HP) 3,000

Idle 315
RPM 8 notch 900

Table 4. Power of the diesel locomotive engine during

load tests.
Notch Power (bhp) Rated power (%)
Idle - -
1 114.0 3.7
2 420.7 13.6
3 700.8 22.6
4 1034.6 334
5 1512.9 48.8
6 1957.1 63.2
7 2750.9 88.8
8 3097.5 100
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Fig. 2. Location of intake and exhaust fans in the studied building.
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Table 5. Measuring items and devices of this study.

Measuring items Measuring devices

(1000 recorder and 6 channel

Temperature
temperature sensor

Engine output Tachometer

Wind velocity, wind direction Portable anemometer

Surface temperature Surface thermometer
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Table 6. Indoor temperature rise during the load tests.

QagAelete ol 4a DA RaAEge) B Al A} AT 233

Measuring points

Temperature sensors (°C)

(@ Engine room

@ Engine room

Notch intake @ RBL intake @ RBL above above ® Funnel side ~ ® Control point
Idle 22.7 23.0 254 26.3 28.2 23.0
1 22.8 23.1 26.1 27.1 28.6 23.1
2 23.2 23.7 524 30.2 26.5 22.9
3 23.3 24.1 53.6 303 274 22.8
4 23.7 27.2 54.7 34.6 30.0 229
5 24.4 203 53.6 39.0 33.7 22.7
6 25.1 355 574 42.1 40.2 22.8
7 26.0 36.8 63.3 48.6 449 23.0
8 26.6 43.5 67.6 52.0 52.1 232
Témperature rise LA
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)
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20
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-x- (1) Engine room intake
~a~ (3) RBL above
-~ (5) Funnel side
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-0~ (4) Engine room above
—e— (6) Control point

Fig. 4. Temperature rise in the building during the load

tests.
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Table 7. Improvement cases of ventilation facilities in
the studied building.

Case Contents

@ Install duct for exhausted hot air from RBL.

(@ Add on of the ventilation open window (4.4 m X
0.8 m 65sets, 2.4 m X 0.8 m 4 sets).

@ Extend the intake fan (130 CMM — 260 CMM)

@ Add on the exhaust fan (696 CMM, 4 sets)

@ Add on the ventilation open window (4.4 m x 0.8
m 6sets, 2.4m X 0.8 m 4 sets).

@ Extend the intake fan (130 CMM — 260 CMM)

(D Install air-conditioner at the RBL intake.

3 @ Add on the ventilation open window (4.4 m x 0.8
m 6sets, 2.4 m X 0.8 m 4 sets).
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