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ABSTRACT

The purpose of this paper is to propose basic data on convection heat-transfer coefficients
in Ondol-heated room.

Surface temperatures and several temperatures around each inside surface of wall, floor and
ceiling composed of heating room are measured vertically in Ondol-heated model rooms, and
the vertical temperature profiles could be expressed by nonlinear equation models. Also, the
convection heat transfer phenomena are analysed from the nonlinear equation models.

In the results, the convection heat-transfer coefficients of Ondol heated space are suggested
by the term of temperature difference between each wall surface and room air temperature and
by the relationship between Nusselt number and Rayleigh number of dimensionless numbers.
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Jable 1 Moeasuring ltems and Methods

Items Number of Measuring Point | Instrument | Remarks
Preliminary | Outside Air Temp. |1 Point * Temperature|Model Room
Test Floor Surface Temp.| 10 Points for each model room |(Yodac-85s |A and B

Room Air Temp. | Point for each model room | Data logger)|are same
Inside Surface Temp.|! Point for each surface +(copper - | condition .
Supply and Return |2 Points for each model constantan
Water Temperature thermocouple)
Water Flow Rate 2 Points

Main Test |Outside Air Temp. |3 Points * Water Flow|All surface of
Floor Surface Temp{ 10 Points for each model room |Rate:Hot |model room
Inside Surface Temp.|3 Points for each surface Water A is covered
Outside Surf. Temp. [2 Points for each surface Flowmeter |with bright
Horizontal and 35Points for each model room aluminum foil.
Vertical Temp. ( Fig.4)
Supply and Return |2 Points for each model room
Water Temp.
Water Flow Rate 2 Points
Air velocity Near each wall surface and * Air Velocity

center of rooms : Hybrid
Anemometer

Table 2 Conditions of Boiler Setting Temperature for Supply Water

Classification Date and Time Boiler Setting Temp.
4th, Feb., 05:00 ~ 08:00 40T
Preliminary Test 4th, Feb., 13:00 ~ 16:00 60 C
4th, Feb., 17:00 ~ 20:00 80 C
11th, Feb., 00:00 ~ 23:00 60 C
12th, Feb., 00:00 ~ 23:00 40 ¢
Main Test 13th, Feb., 00:00 ~ 23:00 50 ¢
14th, Feb., 00:00 ~ 23:00 07T
15th, Feb., 00:00 ~ 23:00 80 C
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Table 3  Supply and Return Water Temperature of Each Day

Date Average Supply f\}\‘/r:s:fe’l‘elle;tl?cj Temp. Diftference (T )
Water Temp-CCI M0 4072 T Model B | Model A | Model B | (A-B)
{1th, Feb. 57 2 56. 3 55, 9 0.9 13 0. 4
12th, Feb. 341 33 8 33 6 03 0.5 0.2
13th, Feb. 46, 2 45. 5 453 0.7 0.9 0. 2
14th, Feb. 67. 8 66. 5 66. 1 13 17 0. 4
15th, Feb. 799 78 4 77.9 15 | 20 0.5

Table 4 Comparison of Room Air Temp. and Each Surface Temp.

i E?Sm Surface Temp. [C] Temperature Diff. (C]
Room!| Date T[G;énjp Floor |{Ceiling[North|South| East | West | ¢ | g {tr |t |tr | &
ts t. | 1, | ¢, . tw | =t |~te | ~ta | ~ts | e |-ty
11th, Feb.| 34.2 | 47.9 { 30.9 30.8 | 288 29.5 30.4 1137(33134]154(4.7 (3.8
12th, Feb.| 22.6 | 29.7 | 21.0 20.8 1 196 | 20.1 206 | 71116 18130125120
M‘fe‘ 13th, Feb.| 288 | 392 | 265 | 26.2| 245|253 | 26.0|104]23] 26|43 (35|28
14th, Feb.| 40.8 | 56.5 | 37.2 3711 3441 355 36.6 |15.7|136]37(6.4(53 142
15th, Feb.] 48.0 | 66.1 | 43.9 435 40.5 | 419 43.2 [101{4.1145|7.516.1 149
i1th, Feb.| 36.5 | 45.4 | 35.1 34.7 ) 318} 34.9 34.7 89114118147(1.6 1.8
12th, Feb.| 23.9 | 285 | 231 | 228 | 21.3| 22.8 2814607112611 |11
N[Ol;iel 13th, Feb.| 30.4 | 37.2 | 28.G BT 264 287 286 681517381718
14th, Feb.) 43.5 | 53.1 | 41.9 41.6 ) 382 41.6 41.8] 961611953 (1.9 |L7
15th, Feb.| 50.9 | 61.9 | 48.4 48.1 | 44.2| 48.3 48.0111.0,25)12816712.6 {2.9
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315198 Ao A el of Ceiling
Table 5. Range of Each Dimensionless Numbers of Floor
Room Nusselt No. | Prandtl No. Grashof No. Rayleigh No.

Model A 309.4 ~ 3610 [0.7011~0.7126
Model B 275.0 ~ 320.4 10.7013~0.7129

6.89% 10%~1.46x10% | 483%x10°~1.04x 10"
4.55% 109~8.56x 10° | 319x10°~6.10x10°
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Table 6. Range of Each Dimensionless Numbers of Ceiling

Room Nusselt No. | Prandt! No.

Grashof No. Ravleigh No.

Model A 1924~ 264.8 | 0.704 ~0.715 | 1.61x10°~3.32x 10® | 1.13%10%~2.37 x10°®
Model B 151.8 ~2156 | 0.703~0.715 | 7.35x 108~1.58%x10°% | 517x10°~1.13x10°
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Table 7. Range of Each Dimensionless Numbers of Wall

Room Nusselt No. | Prandtl No. Grashof No. Rayleigh No.

Model A South 2046~ 2614 | 0.704~0.715 | (2.83~5.87)X10° [(1.99~4.20)x 10°
North 174.0~2366 | 0.704~0.715 | (206~4.85)X10° [(1.45~3.47)x 10°

Model B South 1956~ 2398 [ 0.704 ~0.715 | (2.66~4.60)x10° [(1.87~3.29)X 10°
North 1376~ 1878 | 0.703~0.715 | (1.48~2.36)X10° | (1.04~1.69)x 10®
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