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A Study on the Performance of Exhaust Heat Recovery

Ventilator using Separate Type Heat Pipe

Jae—Hwa Lee

Department of Refrigeration and Air conditioning Engineering,
Graduate School of Industry,

Pukyong National University

Abstract

In this study, we use a separate-type heat pip¢ tza provide
exhaust heat again recovered from a ventlator hvhiexhausts
contaminant generated in a room and brings in eatefresh air. The
separate-type heat pipe is the one that two heelhagers where a fin
is attached are installed in_upper and lower pard they are connected
with a gas-liquid connection pipe:. It is a deviaecavering heat energy
by repeating a cycle of that operation liquid ine thower evaporation
part absorbs high heat and evaporates and movesthéo upper
condensation part and then, the evaporated steamdepsates again by
loosing heat in the upper condensation part and esiosown due to
gravity and then, repeat the whole process agam, it is a device
recovering energy exhausted in a room by using aadpn latent heat

of operation liquid (R-22).



After charging an amount of operation liquid copasding to 40 %,
50% of the whole internal volume of the separapetyheat pipe heat
exchanger in the heat exchanger, we examine th&rpemnce of the
separate-type heat pipe heat exchanger by chamgingelocity (0.4 —
1.5m/s) as a temperature condition at times of ieggobnd heating. As
increasing air velocity, friction loss of the heaxchanger increased, and
winter heat recovery rates are about 64% and 55%aiat velocity

0.4m/s, charging rates 50% and 40%, respectively.
Key Words : Separate Type Heat Pipe(Zd3d 3|E vlo]x),

Evaporator Section(F%4), Conderser Section(8-%%), Effectiveness
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Nomenclature

N ™ Q

T NN R Y Y

Area

Area of fin

Inside surface area of heat pipe

Outside surface area of heat pipe

Total area of heat exchanger

Heat capacity rate

Specific heat

Mass velocity

Heat transfer coefficient
Thermal conductivity
Length of heat exchanger
Mass flow rate

Pressure

Heat transfer rate
Temperature

Velocity

Overall heat transfer coefficient

[m’]

[m’]

[m’]

[m’]

[m’]
[kJ/K]
[kJ/kg-K]
[kg/m*s]
[W/m*K]
[W/mK]
[m]
[kg/sec]
[kPal

[W]

[T Jor[K]
[m/s]
[W/m*CC]



Greek symbols

£ : Effectiveness [%]

d : Relative humidity [%]

D : Density [kg/m°]
1 : Viscosity [kg/m-s]
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Fig. 12 Sight glass
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Fig. 16 Refrigerant charging cylinder

2.3 435 dHolg A

2.3.1 "Wi7]8 35F

Q M 4t C poarr” AT ....................................................................................... (1)
0617]/‘1 7 4y : ;‘5’:‘%_1‘]:"04 %7] %%k(ma/h)
€ par - 87191 B HI A (kJ/kgK)

Az: FsH o, =79 =2HK)

_20_



A71M, s = Fluid Mechanics®9] & Ao wlg} Falch A3

3t FHSALS Y3l Bernoullid FolE Al=7]9Q orifice with tape AFE
staern=z HgEAd vEA Fdfrsol gk A5 23} Bernoulli W
AL Aga 77 4 (2), ()9 2ol A,

%DIZVE_%DZZVZ .................................................................................. (2)
ﬁ0:ﬁ1+ _;_pV’lzzﬁZ_l_—;—pV'Zz ........................................................... (3)
9 AN e 2AFE B 0B 4o 2 HEE 5 AT

7
_A?_: Vo~ 2<ﬁ1_ﬁ24) ............................................................. (4)
2 1 D,
y &

AAZ wpgo] wlg FRAN FAHGoEZE 9 A2 FHs A
2] ot} o Fu Hlv ZE P ER(vena contracta)d] AL 47 dET} 1
WA 2= p,/oxB T ZHBT F Hg A o® BAF] AMEE

_1

Q= A ,V,= Cﬂ[ 2(ﬁ1]__§f)/p ................................................. (5)

o714 ot HAL = FelEC] H(throat) F-EolA ] g YERATE

AA5 $EAS ¢ = AT AAA 0AE nARE 4TS ok

1
F= (1_54) 2 ettt eeeeeereieeeeeeeeeeeeeeeeeaeaetee ettt etetetaa e raateaeneaes (6)
c A B2 w3 575 o= Aolan
a4 = CQIE_—C% ................................................................................. (7)
(1-B%H 7

_21_



ol

E(l,

CCE!

B7F 0.270.8¢

o Fol A 7F 12.5 mHETH

2] 3] 2~ (thin-plate orifice)

@ o

ke

PN
T

A Btk FE=A

IR

=
2l

ISO° ¢]

2 ASME+=

ke

b g

)

:_[_L

=
7=

C

4
/(B) + 9171[3 2'5ﬁ7€;70'75+ 1_54 Fl _ 00337B 3F2

Cd/:

AB)=10.5959 +0.0312B *' —(.184B*

1714

ed

&

=

232 ¢

&

£ KS B 6879914 A<

w71 3

/

X]_OO e eeeeeeseesatett ettt ctettteeenseetatastasttesttsteeeeteetatastatetttttsttceccnerarenne

Loa— L pa
o 7] A,

rl/ [:

T2 =(K)

e

1 9)7]

Lo4

T==(K)

e

7]

lsq -

T2=K)

|

D 37

lra

_22_



-+ (10)
= (11)

|

— 7

a
Tﬁ,o_ Tc,z‘

nf

(Té — 7, 0)_(Té — z)
AFIES EdE

2.3.3 €3¢ A
(D) 3% 93 A+

A TL/I/TD

B

2=
T

StEA A, ¢, 1, o=

5

g44< A

=

=

@ &

LR

ahe]

= °l%

Rohsenow?2] 344

-
1=

AL A h

Nr

)

- (12)

0.33 Cﬁfl-l 7
) (%

_23_

f’éfg £(P f_pg)

ol 5

Cﬁ/(fea_ Tzza"zz)
&fg




(3) 3715 €de A+

3715 AAY A% 4E P2 AN B TE U4 B A5 @
A AS nE Aol gskel T¥ 5 o,

>
UIA = Alﬂz + R+ Ai;/g + ;[ + HoéIﬂAo .............................. (13)
o 71, At 3 W5 93

A, TEAY WA (277 AW find &3 Fdadel g

Ar @ & 91543

Re : &Y AE=IAF(FA7Hs)

Yyt B2AATFFA7Hs)

kp: AE GG AT

Sr © B

no @ =ZEH a8 (overall surface efficiency)
TZ3H 5&0,)> Shahol oJsiA AAE 3 G822 ol&std 7+

T ATt
1 _ , alanh () . W 14
n,=1 Ag(l Ny o= L} (14)
2& S 1/2
| L£fa N P PPN PPPPPPRR P 1
/_ﬁ’/2—8/ ........................................................................................................ (16)
o] 7] A Aft fin®] E£HH
nr fin @8
ket fin®] EHE AT

or - fin9] "1]:“771]

_24_



A3 F A4 R uF

ds

4

3.1 €3

i

0.5m A T type

Thermocouples Z}Zt 6 Point® AA st} 52 0.4 m/s”~ 1.5m/solA] =

o
i

hva

°]
FHOo= Ao}A

)

S E

(e}
R-22(CHCIF2)®] =4S 40%< 50%14 &3

T -

O -

Fol 24]

9]

Toll AHgE 24
olx 7] 9&] ASHRAE®? Air to Air Heat Exchanger
o=

7|
Fig. 17%} Fig. 18

o

ol KS B 68799 #2434 272 4% KARSE B 0030-2003

3.11 LEEX

ol 747kl 4

al

22|

—_
o

N
23]

olm
ol

Nlo

_25_



iolm

2

Nlo

—_—

=

N
ot

olo

=
%

A+
N

ol
0SS

)

FHE 50%, 5 0.4m/s oA SLHo 2rx7t M & o=

6

ol &

3l by-passste &7 78

o}
5

el

o oted F5H U=

§l,

=

N
No

o7

o).

3 Evjo] T R-22(CHCIF) S =4&

]

o

woll w7148 o] ouprl glvkal & 4

e}

(€]

<

4 50%, 0.4m/so A 7} &

40%<} 50%)A

Fol 40%, 0.4m/selA = 50%, 0.4m/sE.th

S

_26_



*1.50/s
B1.20/s

1.0m/s
%0.8m/s
X 0.6m/s

0 0.4m/s

=71(RA)

Fig. 17 +283g 3S|ETo|ZT o 2%




* 1.5n/s
W 1.20/s

1.0m/s
% 0.8m/s

X0.6m/s

0 0.4m/s

7] (RA) w71 (EA) 2]7](0A) F71(SA)

Fig. 18 #2838 s|Evlo]Z o] &7 X (50%)

_28_




3.1.2 € 35F

Fig. 195 R-22(CHCIF2)?9] Fd& 40%%} 50%14 w28 3| Ezto]x
o] 3¢S vERH Zlojt

o] et TrkAe] 2EV|Fo 2 FE 0.4m/s” 1.5m/solA YERI e,
JrFe JAEisFor SAstoor sty EEd SEdo|ZE ddu

o
=
B o FoiAmE Fdo] e DHFFE e B

=
Auh
X

o
>
o
=2

>
Nl
ofo
i)
M
vl
ol
ol
[
i
o,
[
rr
)
\]
oo
‘@)
=
a
2
I
ofj
2
o

_29_



Fig. 19 #8]¥ 3|Ewto| L o] 3+

_30_




o] I
‘R A]

)

E

]

0|

(6]

Z]

s
A7) A)e

(€]

WAl EX7|FEo 2 T4 04m/s ™ 1.5m/sol A LERY
< KS B 6879 (@4 3+

s
|

g
R-22(CHCIFg)®] TH& 40%<F 50%1A
=4

7

[e)

T

1:1:§_]__

313 ¢
Fig. 20
| =

o

4 JoToR ke T4 T o o
A T N T o4 T o B oW X BT gd
N o9 L R B Ko
oo I Pw BT e K e
T 3 i N I B S
. RN IR - TR VA
ey . i )
o I R S O —
T RS EIRRER - oy o W
- il !
B o_oﬂ%ﬂz_o%grquw W T &
_M__ N ooy g T o B MK o
/ il = o} o H] o o o ~ ;Lom = o)
Ww_ Cle ﬁlloqﬂm‘_ ow__,m_iﬁvlmc N g ,E|_
| 7 & f T ) 9 LU e -
] WLy T i ol K o o %o 1|
ol P R e W et F g & S o
3 m_m I o W = 4 = ok 170
& %_HWEB_.ﬂﬂmw%Emﬂ B
_H_EL moa_.ma%ﬂ_/ﬂﬂ:_o.wﬁ ﬂw
RRNEYE -y o T oFia oy RO o 2 n
B T g ol B RO A g
Rk TN i  w kb L 6
b I TR I 3
T\ S L S R _
B Bl T e O S g W T
s r R EF e BT P T R B
M%M%%ﬂ#%mmUﬂM@Wﬂﬁ
%0 (o SO TP o N m (ol
I I R T G
ol T W o T T DB R OA
i o oo B T R Mmm H_Am ~ Aro %o Nroab o
du o K K B B % ~ © Mo o B No  mw

_31_



50%° ¥4 0.4m/solA 63%° Qug a&5 dAoH, Fd& 40%9 ¥

£ 1.5m/sollA 7Hd w2 mdo] sl

_32_



- 5%

- A%

Fig. 20 229 s|Evlo]Z o] dugt a&

_33_




54

=
=

3.2 ¢33l

N
Njo

il

o ThEd Yed 5

3

—_
o

X
L

ol

7k A 2EHAA

HA|

=

ExHor Ads] Hekor wmf
kA B

7
Ko

7
NJo

_34_



+%(m/s)

Fig. 21 #2|8 3| Evlo] L o] o+ 7} sl 54

_35_




tod Bkt of 7)ol A

°©

3.3 w714 35FAY HF v

7HA AR 2E R

W H T o W o
= o~
Mﬂ E_ 1 X Wn_ ,A_v
Lo o)) A gy
4 7o Mw T Hﬂ
— 0
m ™ oy k) T d!
o HT_ ol ‘A,.# t._o
o] A+ 3 ~O =3
e i Md_m h_.] B op
T o e TR
® . AW 9 o
E] WDF fm T =
% Ty e
o By L g
A B o ™A H
~N XMW g R @mE
NNLE = B
Moo s
5 op ST
WO X
™ O — Ny
A=) Rh N o
pEi Ty G o R
do m B w
T oA g o e N
T TN TARR
of o m T W T
o S oo o
o d!
= :._o do ‘_ﬂOI = ,m_vl
TR o KA o
=0 — Of
X oF EE ~ N,,Hm #o
JJ oo Hl W KH
® W T B o X

_36_



X X LC byl T K o E.E T o=
@ 3 =
£ dl o F W BB [T He0r e
t s 2| E| S T = =gy~ T2
© & HMT.E < < % &) ZO ﬂ_1m :.: —_— Wrru ﬂArO | 0 ‘E_IE N ~ N S
B = £ U@%%ﬂa %ﬁ HEWE W~ A D oHe &
A Bl | E| || OB s Moz W oo B W= T < Nr
3 e | R0 | o | 1 Pl o % = 4 % 3 0
S - S D g N D Mo mo of off X ~
e = TR MM EOR|T TN 4
ﬁdw_ﬂoz‘ozaﬂeotﬂ@ﬂﬂoEZ%
ER AN — . = * ]‘L
g _,;/L MXI el % m,_ Mu,_ ot 9
| X o ‘Ol
m Mmc Am IS o Ly B _Je o A =
£ I ELEIE| foaime 5 TR |z TH S
Q 8 S (ool T R T o ® =
= i U Q| 2| TR | oy o = o0 =T R A —_
— ol L] o 25 R < i el = = 0 - E X
- tlolc|® P R
< . ool N R ! A4 RN HooNe
jm oI e | o AR T <ol R
. * < ¢ 2 'S
_ — 1_/_| io ﬂ 1&! 1_/_AI ﬂl ‘HE — T
[ s o
o m [ M 2 o A ! X/ ol — —_ 4 N OB o
£ 2 Lm0 B L] (3 ° By N B RO R
z g g5 |ANIRIE o o &
EE= =] =) g R e e o) O#E RN —_— 3
> PR S| 2 O[O0 |n T M - xE S iy
(& m L of { ! () = O_a ) OL 5 ﬁE o - — 7 m
© g 2 | W T 3| B o] B o o o 9 S ™
o 2 28 e | CARRES I om| PG E 2 djo
=z R DR PR A N N Py A E AL,
== 3 = 2 AT M B O s o~
Rnuw/ JH ™ HT ~ o io :.: ,EE _,CI 1_| TR T vﬁ
*
o .4 ¢ ¢ ¢
o i | | o | 1 [ dee | T | | o = “
0 | )| oF | Al | ol | 3o | RV | RO | ied o A
Mo | B |7 | W o | | /Y |N | ~ il
c) M | &e | wo | BV | = | T | o | o | u gl o

_37_




KARSE

=

AF & ASHRAE®Y Air to Air

A4F2 E

)

stelsly] s Age Wkt

Heat Exchanger

ﬁo

—_—

0}

B 0300-2003 #H<L3 4+ 7174

<

,Z:l

eyl

&2 KS B 6879(H

Yol F4 0.4 m/s” 1.5 m/sE W3}A|

3R
R

ol

o))

o

i)

]

3]

]

=

10K, 7K=

)

pa
1.5m/sol 4]

)

Z

7hell whel 2E=AR7}
LR
18 50%,

o

=

st

==

50%<F 40%0 A 2472t 544W, 476W
[e)

1.5m/sol| A 2]

I 2~
Rl

o

40%<}F 50%°1A 0.4~ 1.5m/s¢] FE&o 2 W3lA
7hel e}

L.5m/sell Al 7}

=

40%
[€)

q
9

= %

=
=

LN

3L 2~
el

1

-

1}

e 40%,

°

2
!

223t 247 15K,-13K09lon, &5

FH1E 50%9 ¥ 0.4m/sol A

A A ol
%

2.

3R
R

i+
__OE

-

3]

i

1,392W

_38_



gt A3 ghol W& 50%, 0.4m/soll A 65%] 717he dus &
fo] BAER o FLo| Tt met LEEIZATE Y TAaF

=AE 40%, 1.5m/solA 7HF & g&o] HAsA T

Fer AUerd Fe s dATER = gloids o 2 Ta%
Aujolm T3t oA A gl oz w7|EE Fgate] oA Aulel FF
s aaao @7|ARE At oF & Aot

e 2 =EolA s o W dFoR ey S|EvZE o

Hoto] AAsger, o2 ZAZ AU 3712 F47 oluA A

o

2
2L

_39_



el
ke
A
=)

Lazzarin, R. M., and Gasparella, A., 1998, Technical and
economical analysis of heat recovery building ventilation systems,
Applied Thermal Engineering, Vol. 18, pp 47-67

. Manz, H., Huber, H., Schalin, A, Weber, A., Ferrazzini, M., Studer,
M., 2000, Performance of single room ventilation units with
recuperative or regenerative heat recovery, Energy and Buildings,
vol. 31, pp 37-47

CAEG, WA, 2002, AUETE FEe AT YA 2 Vs, 2R
Ad, Vol. 12, pp. 38-42

CHHE, 2006, EETEolA el HAsrRr AL B g, dHA
g, Vol. 5, pp. 38-45

. 9]7]-%, Separare Heat Pipe Heat Exchanger, o|UYA 7] &=H T4,
ASHRAE,. 1997, ASHRAE Handbook 1997 Fundamentals (SI
edition), Measurement and Instruments 14,17 =~ 14.20 'FLOW
RATE MEASUREMENT".

ASHRAE, 1997, ASHRAE Handbook 1997 Fundamentals (SI
edition), Measurement and Instruments 14.16 =~ 14.17
'MEASURING FLOW IN DUCTS".

Frank M. White, et al. 1995. 6. 10 #AAZ7], FLUID
MECHANICS, pp. 410 = 427.

G. F. Hewitt, G. L. Shires, T. R. Bott, 1994, "Process Heat
Transfer", CRC Press, pp. 445 = 448.

_40_



e 2

=7 AAke ==

TH

—_—

o F4

A

o] A2 7AA ol

S ARkl 22 A

L.

pe A=,

°j A

=

=

A

=

A
s

.‘1

o

3

o)

A=,

ol

el

o}J
e
il
Ho
)

il

Iy

HUlA Ho] 7wz 7 FojHr}

AxEl e B =

o

o] ES}FUE AA}

o=

3

713 AFYeh Avrr 7

1}
=]

ol O
==

b4l of

5

A

=
=

el
=

7NEa

2utetel et

o
-+

o] Ho]FA L.
olZo] FA)7] whgheh,

2k
=]

A

ki3

=
g

__OE

Hr

=
2hd

=
. X}

i B

A A

o
o
R
<
oF
!
X
Nk
o

o

—

B

_41_



P4 AEAd AvedelAE e sy,
Aoz 2d B @7 FAFSHAY S
a3t Brlolal AN, 194, A7, AAD, WIE, o3, 29
0§ 14 el SAEU Fo St 4 2 ¥

MU ofxh-ola-olx}, Fol=

¢

WA o,
2006 14 10¢¥
o Al g ulg

_42_



	제 1 장 서론
	1.1 연구의 배경 및 목적
	1.2 배기열회수 환기장치에 대한 고찰
	1.2.1 배기열 회수 회수장치의 분류
	1.2.2 분리형 히트파이프


	제 2 장 실험장치 및 방법
	2.1 실험장치의 구성
	2.2 실험방법
	2.3 열회수 데이터 정리
	2.3.1 배기열 회수량
	2.3.2 열교환 효율
	2.3.3 열전달 계수


	제 3 장 실험결과 및 고찰
	3.1 열회수 성능
	3.1.1 온도분포
	3.1.2 열 회수량
	3.1.3 열교환 효율

	3.2 압력강하 특성
	3.3 배기열 회수장치의 성능 비교

	제 4 장 결론
	참고 문헌

