r‘, Journal of the Korea Concrete Institute
Vol.15, No.2, pp.314~322, April 2003

SRTHRAIGON 2i5H ABH 017
A" o Z13FP  ZIK[30* o Op= A
bREIEIEd PHRERIA PReden
(2002 129 5Y AxHF, 20033 2€ 79 QAHRR)

Experimental Study on Coefficient of Flow Convection
Sang-Eun Jeon", Kook-Han Kim?, Jin-Keun Kim", and Joo-Kyoung Yang”

Dept of Civil and Environmental Engmeenng, Korea Advanced Institute of Science and Technology, Daejeon 306-701, Korea
Korea Highway Corporation, Seoul, 461-703, Korea
Dept of Civil and Environmental Engineering, Chungwoon University, Chungcheongnam-do 350-701, Korea

(Received December 5, 2002, Accepted February 7, 2003)

ABSTRACT

Pipe cooling method is widely used for reduction of hydration heat and control of cracking in mass concrete
structures. However, in order to effectively apply pipe cooling systems to concrete structures, the coefficient of
flow convection relating the thermal transfer between inner stream of pipe and concrete must be estimated.

In this study, a device measuring the coefficient of flow convection was developed. Since a variation of thermal
distribution caused by pipe cooling has a direct effect on internal forced flows, the developed testing device is
based on the internal forced flow concept. Influencing factors on the coefficient of flow convection are mainly flow
velocity, pipe diameter and thickness, and pipe material. Using experimental results from the developed device, the
coefficient of flow convection was calculated. Finally, a general prediction model was proposed by theoretical
procedures.

The proposed prediction model is able to estimate the coefficient of flow convection with flow velocity and
material properties of pipe. From comparison with experimental results, the coefficient of flow convection by this
model was well agreed with those by experimental results.

Keywords : pipe cooling system, coefficient of flow convection, thermal transfer, internal flow
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Fig. 1 Development of thermal gradient in pipe
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Fig. 2 Verification element for internal flow in pipe
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Table 1 Test parameters

Parameters Variables for test
Fluid properties Velocity 02~15m/s
Surface condition | Temperature 40~60 C
Type steel, PVC
Pipe Diameter 34 mm, 2lmm
Thickness 20~35mm

Hi

| o FA
200 J 2000¥ 200 ¥ o0 N—’ =
thermo-couple

(a) Shape of cell and location of thermo-sensors

26
150,38
RS S A T TS
R0
o
>
@ e
o
[«]
-
i
|

T

1 IN {from circulalor) PIPE

rL N
] '9// n 0/ _/_

4 I
OUTLET INLET (cooling water)
| Jour T OUT (to circulator) r ]

(b) Connection of cell and circulator (unit : mm)

Fig. 3 Apparatus of a developed system

Fig. 4 Thermal transfer procedure of a developed system
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Table 2 Experimental results
Temperature in cell (C) . Outlet . Coefficient of flow
Case AlBlClD |22 Inlet temp. (C) temp. () Flow velocity (my/s) convection (keal/in - b - C)
402 [ 408 | 408 | 408 | 40.7 103 116 0456 516
406 (411 | 0.2 4.2 ] 410 10.7 11.9 0528 536
400 | 405 | 404 | 405 | 404 11.0 11.6 0930 56
3951401 | 402 | 404 | 401 109 115 1.20 632
490 | 497 | 497 | 497 | 485 104 1175 0618 M7
SD34.3T3.3 | 488 | 493 | 493 | 494 | 492 105 117 0.720 571
4851493 | 493 | 461 | 491 10.7 11.8 0.83% 615
487|495 | 496 | 495 | 93 109 11.7 1.27 680
85592 | 592 | 583 | 591 104 12.2 0560 556
5871593 1595 | 557 | 9.3 104 11.8 0.800 589
588 | 595 | 596 | 598 | 594 104 115 112 645
405 | 405 | 405 | 405 | 405 99 105 114 604
505 | 505 [ 505 | 505 | 505 137 183 0.09% 30
482 | 485 [ 486 | 487 | 485 9.0 114 0361 587
SD335T20 | 495 | 50.1 | 499 | 500 | 499 91 10.7 058 626
488 | 493 | 491 | 482 | 9.1 9.0 99 1.05 637
588 | 593 | 593 | 9.3 | 59.2 94 11.0 0673 587
579 | 582 | 580 | 5382 | 81 95 105 112 626
422 417 | 418 | 415 | 41.8 9.3 11.9 0620 793
419 | 418 | 417 | 415 | 4.7 9.3 11.2 0.47 876
4.7 [ 414 [ 414 | 414 1 45 95 110 1.22 897
509 | 509 | 510 | 505 | 50.8 95 134 0.508 67
SD21.6T125 | 511 | 510 | 511 | 505 | 509 98 121 0.980 363
510 | 508 | 509 | 50.2 | 50.7 99 117 1.30 i
600 { 602 | 60.1 | 595 | 60.0 99 137 0.680 817
60.2 [ 600 | 60.0 | 595 | 599 100 130 0933 31
600 { 600 | 599 | 59.3 | 598 99 12.2 1.26 909
AT | 849 | 84.7 | 349 | 348 137 139 0.3%0 242
PD320T35 | 845 | 846 | 845 | 346 | 846 138 140 0670 416
87189 | 8789 | 88 13.8 139 1.23 393

FeUFH0 25 28" A7
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Table 3 Calculation of coefficient of flow convection from Eq. (23) and comparison with others
Coeffici(enta&)f 0\}2;7 cor;vection
. kcal/m -h- T
Flow velocity Re — — —
Case SeC) D @ B h’i h ideal ho
{from Table 2) | (from Eq. (19)) | (from Eq. (23))
0456 9713 0.0765 516 1578 511
0528 11247 0.0756 536 1774 5%
0980 20875 0.0569 506 2910 626
1.20 25561 0.0723 632 U2 652
0618 13164 0.0728 547 2012 560
SD34.3 133 0.720 15336 0.0731 1.2382 571 2274 533
0836 17807 0.0772 615 2963 604
1.27 27052 0.078%5 680 31 659
0.565 12035 0.0731 535 1873 545
0.800 17041 0.0737 589 2474 598
112 23857 0.07%6 645 3238 643
114 25361 0.0393 604 3243 677
0.0% 2177 - 340 48 -
0351 7962 0.0637 587 1264 493
SD335 T20 05% 13271 0.0612 1.13% 626 1902 580
1.6 23819 0.0429 637 3037 667
0673 15267 0.0433 587 2127 602
112 25407 0.0413 626 3198 675
0620 7914 0.1009 793 2235 762
0947 12088 0.0042 876 3137 373
122 15573 0.0832 897 3841 936
0508 6434 0.1103 767 1906 07
SD21.6 T25 0.9%0 12510 0.0007 1.3012 363 3224 831
1.30 1665% 0.0873 904 4042 90
0.680 3680 0.1002 817 2406 786
0933 11973 0.0972 891 3113 870
1.26 16084 0.08%9 909 342 942
24.2 7497 0.7574 242 1421 346
PD32.0 T35 416 12830 1.304 1.2800 41.6 2191 3H0
393 23646 1.2206 39.3 3663 352
TrURATO 25 HEE o7 321
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