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Figure 4.8 Convective Heat Transfer Coefficient per Insulation

Thickness
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Experimental Calculation for Convective Heat Transfer
Coefficients in Unsteady State Velocity Field

by Kyoung Won Kim

Department of Refrigeration and Air—Conditioning Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

The purpose of this paper is to evaluate the heat transfer of the cold
energy inside of a cold chamber according to the thickness of the
insulation materials and the flow characteristics, quantitatively. The cold
chamber consists of inner walls, insulations and outer walls. Cold air from
the refrigeration system has been supplied into the cold chamber, and the
energy balance has been investigated by thermocouple measurements.

The convective heat transfer coefficients have been estimated by
calculating the energy balances between the energy supplied by the
refrigeration system into the cold chamber and the energy returned to
the refrigeration system.

The performances of the heat transfer inside the cold chamber have

been evaluated based on the analyses of the system’'s operational

Vil
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characteristics in which the temperature changing cycles are consistently
maintained with decreasing profiles.

Based on the analyses method adopted in this paper for estimating the
convective heat transfer coefficient in the cold chamber, a closed—-system,
the influences of the thicknesses of the insulation materials have been
investigated for 30mm, 60mm, and 90mm with the same thickness of the
inner wall material and the outer wall materials. It has been validated that
the convective heat transfer coefficient was the highest in the cases of
90mm thickness, and the mean values of the convective heat transfer
coefficients were 4.76 W/m’K, 40.35 W/m’K, ‘and 43.25 W/mK for 30mm,

60mm, and 90mm thicknesses, respectively.
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Figure 2.3 Division of Qu.r.
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Figure 3.1 Data Logger
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Figure 3.2 Temperature and R.H. Graph of Data Logger
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3.1.3 g3y

2 Ao AAF AAo] He dE AW E Steel 0.5mme] £]¥, Acrylic
2me] WH o2 o]Fojx i, 9
(Rigid Poly Urethane Foam)$l Sl
g 5 w9 Hold Aol A ddAdol sttt T d A= 30mm,

60mm, 90mm Al 7HA FAE ARGERlaL, o] ¥ @d F7 90mm &

Table 3.1 Material properties

k [W/mk]
Steel 60.8
Rigid Poly Urethane Foam 0.023
Acrylic 0.2

_27_

Collection @ kmou



3.1.4 7FA sk

Az 7 el dAEARE54E  (PIV, Particle Image
Velocimetry) & ARSI T PIV A8 98] @< 57 30mme] @ 3
Hol FUg U A AL ofa - R o]Fojxl B AME A A, o
& 7HsAv e skl 1 A= Figure 3.6°] HERIG.

_28_

Collection @ kmou



Figure 3.3 Temperature & Humidity Chamber

_29_

Collection @ kmou



Figure 3.4 Evaporator Chamber
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4

Figure 3.5 Insulation Chamber (Thickness 90mm)
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Figure 3.6 Visualization Chamber

_32_

Collection @ kmou



Figure 3.7 Equipment Setting
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Figure 3.8 Schematic diagram of PIV
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(a) (b)

(¢)
Figure 3.9 PIV results at Point 1
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Caseb
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Figure 3.10 Inside wall Temperature per hours. Case 1
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Figure 4.1 (a) Inside wall Temperature at each point

in case of Insulation Thickness 30mm
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Figure 4.1 (b) Inside wall Temperature at each point

in case of Insulation Thickness 60mm
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Figure 4.1 (c¢) Inside wall Temperature at each point

in case of Insulation Thickness 90mm
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Figure 4.2 (a) Inside 3cm Temperature at each point

in case of Insulation Thickness 30mm
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Figure 4.2 (b) Inside 3cm Temperature at each point

in case of Insulation Thickness 60mm
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Figure 4.2 (c¢) Inside 3cm Temperature at each point

in case of Insulation Thickness 90mm
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Figure 4.3 (a) Temperature differences between Tiny & Tin.3en

in case of Insulation Thickness 30mm
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Figure 4.3 (b) Temperature differences between Tiny & Tin.3en

in case of Insulation Thickness 60mm
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Figure 4.3 (c) Temperature differences between Tiny & Tin.3en

in case of Insulation Thickness 90mm
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Figure 4.4 (a) Averaged Temperature differences between Tinv & Tin.zen

in case of Insulation Thickness 30mm
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Figure 4.4 (b) Averaged Temperature differences between Tiny & Tin.3n

in case of Insulation Thickness 60mm
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Insulation Thickness 90mm

Averaged Temperature Differences (T)

ULl
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Figure 4.4 (c) Averaged Temperature differences between Tiny & Tin.3n

in case of Insulation Thickness 90mm
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Figure 4.5 (a) Conductive Heat Transfer at each positions

in case of Insulation Thickness 30mm
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Figure 4.5 (b) Conductive Heat Transfer at each positions

in case of Insulation Thickness 60mm
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Figure 4.5 (c¢) Conductive Heat Transfer at each positions

in case of Insulation Thickness 90mm
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Figure 4.6 (a) Convective Heat Transfer at each positions

in case of Insulation Thickness 30mm
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Figure 4.6 (b) Convective Heat Transfer at each positions

in case of Insulation Thickness 60mm

_65_

Collection @ kmou



—a—-127T
0 —a—-107TC
- —a— 8T
—v—-2T
——+3T

18 4

at 90mm (W)
a
|

14 -

H.T.

o4V +——7—+

Position

Figure 4.6 (c) Convective Heat Transfer at each positions

in case of Insulation Thickness 90mm
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Figure 4.7 (a) Convective Heat Transfer Coefficient

at each positions in case of Insulation Thickness 30mm

_69_

Collection @ kmou




—a—-127T
100 —a—-107TC

—a— 8
—»—-2T
—4—+3T

80

60

40 |

CHTC at 60mm (W/mK)

20

Position

Figure 4.7 (b) Convective Heat Transfer Coefficient

at each positions in case of Insulation Thickness 60mm
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Figure 4.7 (c) Convective Heat Transfer Coefficient

at each positions in case of Insulation Thickness 90mm

_71_

Collection @ kmou



50

o
o
1

%
E
g 30 4
o
=
0 20+ [ |
&
=
10
0 T . T ' T
30mm 60mm 90mm
Insulation Thickness (mm)
[W/m?K] 30mm 60mm 90mm
Average 34.76 40.35 43.25
S.D. 1.27 1.00 2.77

Figure 4.8 Convective Heat Transfer Coefficient

per Insulation Thickness

_72_

Collection @ kmou



A5 A

o
O E
* 5 EE Y RE
by 3 J OB R = -
il nE G = mrM W X 4
K %0 CCr G = oA oA T o = o
o}J =K o T R o) AR T . op
ﬁ1ﬂ_xofaﬁ1%§ o B R
M . mo I I e o = o o ey o "
I PR g S
T 3 2o T o o o M e "
Rl s BT ne RV ol o oy ¥
w B o 4 S B\ A T ooy oy P g o
o < L e N I Koy of
—= N\ 89 lurm.so @Hﬂr L oR o
ﬂvqx)mu_xoq_u By = ﬂoﬂqﬂﬁg
x}sxobm?ﬂ 5o % R ;o M
) T a0 o0 7 N T o o
o mo = = o ; ~ Ar BN X
%aﬂwa%iﬁ% ER )
mitlquaagmﬂ_z_ﬁ i )
w9 i a w K oy
i it ,Nﬂ X L iy 1l puces ~ —
o N X N T W B X < B = ﬁ ‘Llf Jo T
L o = 4 o o o= X
N = B W o h T o= M Y
e o ! o ) A N 0 o . S 5
o AR o w0 ﬂﬁaﬁ_/ﬁﬂﬁﬂ
o= P 5 W o B N = t T 3
~o — ~ ri —— ;OL ) o ﬂ JiA} &
=0 wo Mo oE L A Y o N ok o
= Nr oF N zo Ko ) VN o oF
i oo Mg Wom o o [
< o o o} 3% o}/ ~ N gu IR W
Moo Mo wr To 5 & T oo
W = W ~a oo il SR M- T o om = i
1%_ = X e cI NS = = W El xﬂ ﬂw JJJ N
ﬁ%%eefﬂgﬂﬁoiaafﬂwﬁﬂ%?
Bl op 5oAR ﬂr Y B Ho ) A o Wt N o =K
= 3 H o= = F = W D T
B O w S o L =0
R T Gl w LT
o T ol Do 70
No %™ N Mﬁ e o)
Al XH _ Og o
= T
& He

- 73 -

Collection @ kmou



i

A A}

K

_74_

Collection @ kmou



i o
23 3

[1] Philip M. Gerhart, Richard J. Gross, John I. Hochstein, “Fluid
Dynamics, 2™ edition” , Addison Wesley

[2] Frank P. Incropera, David P. DeWitt, Theodore L. Bergman,
Adrienne S. Lavine, “Introduction to Heat Transfer, 5% edition” ,
John Wiley & Sons

[3] Hinze, J, “Turbulence, 2" edition” , McGRAW-HILL

[4] Warren M. Rohsenow, James P. Hartnett, Young I. Cho, “Handbook
of Heat Transfer, 3 edition” , McGRAW-HILL

[5] M. Necati Ozisik, “Heat Conduction, 3™ edition” , John Wiley &
Sons

[6] Tae Sung Jung, Hwan Kook Kang, 2013, “Investigation of Natural
Convective Heat Flow Characteristics of Heat Sink” , The Korean
Society of Mechanical Engineering, pp. 27-33

[7] D.W. Zhou, Sang-Joon Lee, “Forced Convective Heat Transfer with
Impinging Rectangular Jets” , International Journal of Heat and Mass

Transfer 50 (2007), pp. 1916-1926

_75_

Collection @ kmou



[8] Masoud Rokni, Carl-Olof Olosson, Bengt Sunden, “Numerical and
Experimental Investigation of Turbulent Flow in A Rectengular Duct” ,
International Journal for Numerical Method in Fluids 28 (1998), pp.
225-242

[9] Stefano Lepri, Roberto Livi, Antonio Politi, “Thermal Conduction
in Classical Low-Dimensional Lattices” , Physics Reports 377 (2003),
pp. 1-80

[10] Seong Jin Kim, Seok Hoon Kang, Ki Hong Park, Won Sul Yoo, Sang
Hu Park, Ho Jin Choi, “A Study on the Reduction of Dew Generation on
a Surface using Induced Heat from Room Temperature” , Journal of the
Korean Society for Precision Engineering 28 (2011), pp. 724-731

[11] Thijs Defraeye, Bert Blocken, Jan Carmeliet, “CFD analysis of
Convective Heat Transfer at the Surfaces of a Cube Immersed in a
Turbulent Boundary Layer” , International Journal of Heat and Mass
Transfer 53 (2010), pp. 297-308

[12] D. S. Bae, N. S. Kim, W. H. Cho, “A Study on Natural Convection
Flows Using Particle Image Analysis” , Journal of the Korean Society
for Power System Engineering 4 (2000), pp. 11-16

[13] H. K. Myoung, E. J. Jin, “Numerical Simulation for Mixed

_76_

Collection @ kmou



Convective Heat Tranfer in a Two-Dimensional Rectangular Enclosure” |,
The Society of Air-Conditioning and Refrigerating Engineers (1997),
pp. 536-541

[14] Byong Hoon Chang, “Natural Convection Heat Transfer in Inclined
Rectengular Enclosures” , Korean Society for Energy 20 (2011), pp.
44-53

_77_

Collection @ kmou



Al Al oM 7

el 2

T o "o ™ T o
o [UUN S B ] R < = o
= i N o o
Ao qu . or T o T il
N~ oK CON: RN F o 53
N N B e G )
o G < Moo K B
A 5 Nr:._ ) = ZT Og o oy
& W el I G 3 B X o
H o oy nrA IS 3o <Y bl
= o o hEe i g i
3 G i
RO WL AR = Mrm < Wm
Mo X To w Nd e g .o ™
o ! S L zﬁ o ® o =
A ol _op ey " ol _ﬁ &_m
N gl I ) gt N N
8w o X wo K 3
K ol e = w.ﬁ mﬁ .mo g
i W MY e o ) o
(Yo, —
= N T ot T T N
I T L e e R O Iy
T ¥ N T ORI I TR =
=0 -
o = ﬂﬂ%ﬂz %ﬂz% °
Py ,_Ir,” N~ B al7) EE ﬁa sy OMU 53
I - S T "
LA o o o W S o
AT Y oy o = o ~
5 A Moo = o 2 B
g T 2 T . T T % w ~
(5T OO T T Gl
B 7 X B 3 AR B o K

_78_

2 Y

FohEel B el ol

Collection @ kmou



	제1장 서 론 
	1.1 연구배경 
	1.2 연구목적 

	제2장 대류열전달계수 
	2.1 대류열전달계수 산출 방법 
	2.1.1 경험식 이용 
	2.1.2 열저항 이용 
	2.1.3 CFD결과 이용 

	2.2 대류열전달계수 산출 방법에 대한 고찰 
	2.2.1 시스템 운전 특성 분석 
	2.2.2 대류열전달계수 산출 과정 


	제3장 온도 측정 실험 
	3.1 실험 장비 
	3.1.1 항온항습챔버 
	3.1.2 증발기챔버 
	3.1.3 단열챔버 
	3.1.4 가시화챔버 

	3.2 속도 측정 실험 
	3.3 온도 측정 실험 
	3.3.1 실험 Case 
	3.3.2 실험 방법 


	제4장 실험 결과 및 분석 
	4.1 온도 측정 실험 결과 
	4.1.1 측정 지점별 온도 분포 
	4.1.2 운전 설정 온도별 온도차 

	4.2 열 침입량 산출 
	4.3 대류열전달계수 산출 

	제5장 결론 
	참고문헌 


<startpage>14
제1장 서 론  1
  1.1 연구배경  1
  1.2 연구목적  4
제2장 대류열전달계수  5
  2.1 대류열전달계수 산출 방법  5
   2.1.1 경험식 이용  7
   2.1.2 열저항 이용  9
   2.1.3 CFD결과 이용  13
  2.2 대류열전달계수 산출 방법에 대한 고찰  15
   2.2.1 시스템 운전 특성 분석  17
   2.2.2 대류열전달계수 산출 과정  20
제3장 온도 측정 실험  23
  3.1 실험 장비  23
   3.1.1 항온항습챔버  23
   3.1.2 증발기챔버  26
   3.1.3 단열챔버  27
   3.1.4 가시화챔버  28
  3.2 속도 측정 실험  34
  3.3 온도 측정 실험  37
   3.3.1 실험 Case  37
   3.3.2 실험 방법  38
제4장 실험 결과 및 분석  42
  4.1 온도 측정 실험 결과  42
   4.1.1 측정 지점별 온도 분포  44
   4.1.2 운전 설정 온도별 온도차  55
  4.2 열 침입량 산출  59
  4.3 대류열전달계수 산출  67
제5장 결론  73
참고문헌  75
</body>

