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Investigation on Thermal Environment in Underground Power Station

Shoichi KOJIMA', Tetsuo HAYASHI, Koji NOMURA, Takayuki HOSOKAWA

"E-mail of corresponding author: kojima@hrmbox.eee.kyushu-u.ac.jp

Ventilation is important for underground space to keep the space safely and to maintain
machinery normally. We measured a thermal environment of an underground power station.
Outdoor air is supplied to the main building of the underground power station through an air supply
tunnel (equipments carrying tunnel), and exhausted outdoor through an exhaust air tunnel
(electricity cable tunnel). The outdoor air is cooled and dehumidified by the air supply tunnel in
summer. We made a simulation program for predicting thermal environment of the underground
power station. We estimated the amount of cooling of indoor air by the supplied air, the surrounding
walls, and the water pipe by the simulation. The thermal load in the main building is almost
extracted by the supplied air. However, cooling by the surrounding walls and the water pipe is also

effective to extract thermal load.

Key words: underground pumped-storage power station, hydro generator, thermal environment,

ventilation
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Table 1 Building specification of the underground power

station
Location Kyuragi town, Saga prefecture
Building use Pumped storage power station
Construction Reinforced concrete construction
Number of stories . Five stories in underground
Total floor areas 7,539.25m?
Volume 62,078.56m3
Supplytsg'lel length 1,219m
Exhaust air 1,063m

tunnel length

Fig.1 Section of the underground power station
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Table 2 Measurement of amount of ventilation and
quantity of heat release form equipments

Amount of ventilation
Wind velocity 1 of equipment carrying tunnel
Wind velocity 2 of equipment carrying tunnel
Wind velocity 1 of cable tunnel
Wind velocity 2 of cable tunnel

Quantity of heat generation form equipments
(surface temp., exhaust air temp. and velocity)
F1 Dehumidifier
Top of generator
Bl Indoor transformer
B2 lubricating oil pump
lubricating oil pipe
B3 Dehumidifiers

B4 Dehumidifiers, drain pump, feed pump

Table 3 Measuring equipment
Wind velocity Anemometer AM-09T (RION CO., LTD.)
Surface Infrared radiation thermometer
temperature IR-TAP(CHINO CORPORATION)
Air temp. and

humidity | Test term FC-452
Wind velocity (Testo term K.K.)
Surface temp.
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Table 4 Comparison between amount of planning and current
internal heat generation™"2

Floor | Planning value[kW] { Current value[kW]
F1 64.5 54.6
B1 80.4 23.5"
B2 43.7 8.1
B3 10.5 30.1
B4 55.6 26.1
Total 254.7(100%) 142.4(56%)

*1 Heat of lights is not included.

*2 Heat generation of fan is included.

*3 Heat generation of generator is not included in B1.
*4 Heat generation of transformer is not included in B2.
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Fig.2 Air temperature of each floor
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Fig.3 One dimensional heat flow in cylindrical
coordinates system
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Table 5 Amount of internal heat generation
in the main building (unit:kW)

All Day When
Floor Heat Generator | Lights
Generation | Operates
F1 9.0 0.0 19.6
B1 20.1 0.0 0.0
B2 0.0 3.3 0.0
B3 29.2 0.0 0.0
B4 12.0 12.4 0.0
Total 70.3 15.7 19.6

*Heat generation of the fan is not included.
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Fig.4 Model of hydro-electric generator

Table 6 Distribution of internal temperature of
generator immediately after stop(unit:°C)

Stator(internal) Stator (external)

Pumping 50 35
operation

50 35
Power

. | 35

generation

35 35
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Fig.5 Fluctuation of intake water temperature and introduced outdoor air temperature (July 1st - March 11th)
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Fig.6 Air balance in the main building(unit:m*/h)
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Fig.7 Performance curve of dehumidifier
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Table 7 Heat balance in the main building
(6:00AM, July 5th, unit kW)

Heating or cooling source | Heating | Cooling
Surrounding wall 19.9 -37.8
Equipment 113.1

Fan 15.7

Supplied air -140.3
Water pipe -19.1
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Table 8 Heat balance in the main building
(6:00AM, September 11th, unit kW)

Heating or cooling source | Heating | Cooling
Surrounding Wall 25.6 -23.3
Equipment 97.4
Fan 157
Supplied air -101.4
Water pipe -13.9
Table 3  Each floor air temperature according to amount
of ventilation (6:00AM, September 11th, unit:°C)
Ventilntion (o0 | T0% | 60% | 0%
F1 25.3 27.6 28.7 30.2
Bl 29.1 31.1 32.2 33.5
B2 27.8 29.7 30.7 32.0
B3 33.6 35.2 35.9 37.0
B4 31.1 32.6 33.3 34.3
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