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Measurement and Simulation of Heating Energy for Apartments with District Heating
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Abstract Heating energy was measured in an apartment housing unit with a district heating system, varying the kind of
hot water distributors. Ondol coils passing through a living room raised the temperature of the room where the heating
was turned off. Including this characteristic of Ondol heating into the modeling, we performed simulations and showed a
verification by comparison with the results of measurements. As a result, a main flow control method, which changes hot
water flow rate supplied to a housing unit according to the thermal load, can reduce the supplied flow rate and lower the
return temperature, compared with a constant flow method. That can result in decreased heat loss in utility-pipe conduits
even though the heating energy supplied is almost the same. An outdoor reset control that raises the temperature of the
supplied hot water if the outdoor temperature falls has the effect of a quicker response in heating than the reduced flow

rate and return temperature.
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Fig. 1 Primary and secondary loop in district heating system.
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Table 1 Ondol coil specifications
length oo coil
zone arca of coil coil size spacing
m A
[m] [m] [A] [mm]
room 1 11.8 96.5 15 200
room 2 11.3 73.4 15 200
room 3 9.7 38.7 15 200
living room 41.7 83.8 15 230

constant flow valve flow control valve
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(a) constant flow method (b) main flow control method
Fig. 2 Hot water distributor used in district heating apartment.
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Fig. 3 Simplified plan of the apartment house used in
simulation.
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Fig. 4 Ondol model used in simulation.
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Fig. 5 Main valve open rate vs. flow rate.
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Fig. 6 Valve open rate vs. equivalent length.
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Fig. 7 Hot water coils placed in the apartment.
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Table 2 Coil length passing living room[m]

total coil  coil length in passing living
length the room room
room 1 96.5 83.8 12.7
room 2 73.4 56.3 17.1
room 3 38.7 30.9 7.8
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Table 3 Daily heating energy consumption[GJ] and supplied flow rate[m?]
nth day 1 2 3 4 5 6 7 total
0.604 0.228 0.246 0.221 0.220 0.217 0.221 1.957 GJ
Constant flow, CC
Constant supply 11.07 5.68 6.17 5.74 4.96 5.26 5.62 44.50 m’
temperature Main flow control, 0.609 0.201 0.258 0.263 0.194 0.215 0.214 1.956 GJ
M 8.02 2.65 3.27 3.41 2.45 2.70 272 2522 m’
0.606 0.215 0.260 0.230 0.201 0.228 0.212 1.952 GJ
Constant flow, OC
Outdoor reset 10.76 4.90 5.87 4.90 3.99 5.26 4.60 40.27 m’
control Main flow control, 0.597 0.216 0.254 0.246 0.206 0.212 0.247 1.977 GJ
OM 7.36 2.53 2.49 2.70 228 247 2.78 2297 m’
Table 4 Monthly mean heating energy consumption, flow rate, supply and return temperature
heating energy consumption supplied f;low rate supply temp. return temp.
[GJ] [m’] [C] [C]
1 2 3 avg. 1 2 3 avg. 1 2 3 avg. 1 2 3 avg.

CC 7.084 5918 4988 5996 167.0 144.8 1194 1437 53.0 53.0 53.0 530 475 477 475 476

CM 7.087 5958 4987 6.011 80.0 744 560 745 530 530 53.0 53.0 415 414 40.7 412

OC 7.075 5937 4963 5992 160.4 133.8 127.1 140.5 549 547 504 535 492 489 452 479

OM 7.070 5979 4980 6.010 825 693 657 725 549 547 504 535 425 422 392 414
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