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A Study on Heat Transfer Analysis for a Regenerative Heat
Exchanger Having Short Transfer Period

J.I. Seoh, K.S. Kim and J.M. Lee

Abstract

On two type regenerator which is represented by their parameters f(¢), f(«,t) for generalized
regenerating heat exchanger, the temperature distributions are studied analytically in this paper.
For f(x, t) regenerator type, particularly, we are able to induce the simplified temperature
distribution and convection heat transfer coefficient in heating which apply on condition that
regenerator having short transfer period from above theoretical analysis.
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Fig. 1 Temperature distributions on the regenerating
heat exchanger

2.1 EHRES MEEMBOL 2 —Kk FHKX
MR BB
Q) ImEEM



S REYT -2 R Bocie] BRETY L3 HR 129

IEGERICN A 9] dx Ee HEirFd BAFEe
db

an(tr—0)=— Wi L )
(EEERE TEHMCE BENATCL T BB, BaE
o BB 0. % W o] W @K 5 f(DORE %
(Do) 4

Oy—B,= (B~ 0)e T @
B (170 =D & % @l fersi

x=A0, 0}1:0}:3
Ory— 1= (Oas—0,)(1 e~ T (3

olwl fnZ fFB)MEEY ABET BM S EET B
BT T HARL

Wi —6r) = W.-90:_ d"’* @
(A R th~0, 0.=0, % FIAIA 0. %
5w

0,= 01— (Ory—0up el s Caengiaod It )

E3 X 24 &£ B)Y 6,5 RKAsd

0;.2(95;,—[(0;.,—0;0)(1—e‘W’)]g‘E(l-a-%““)th(G)
R (B A Hef BE 6.t x=4,9 w2z 0,
L west gl

Bra= O — ((Oay—0:) (1 — €~ T2 ") Je™ T

(1-3-%‘40 >t’1 (7)
@) Z#HEM
B H
(0~ 0=~ W48 ®
Wo(Oer— o) = — ‘gf,; @

AR At HEOR 6 0 6, T Fabud

Gorm s (G 00 (1 — 0~ 540 P (2
(10

NN AR G O an

2.2 EHERC] MEELRHIL A2 EFHR #
TR BB
(D kB
fEEYHiRE 28 mes AMEBMRNIT T2 58, B
AR WE 0% a4m R KR Lo AT BE 5
f(x, Hel vz nEER A BRFEHRL

26, _ W. 6,
% A, ok a»

A7 A Ap= BEEE] Eprdold A {HEER]
I oWl o] HEREMHE clg3l el
x=0, =0,
=0, 0,=f(x)

£ (A4 O=0+- L T % Az o
A2)8 6x ol RAS T BRT HHE @EFAFF’& g3t
T EEAIRAE 4T + U

#6, .1 20, , 1 20,
X T B A ex 0

(x;,(eh—ax):'—

A X s
X9 Thof ol Laplace BETE #% PSE XK
FUERE RIS TV i Rt

o WA 00, 00=13 R (12)9) ¢h~¢,+A_g?%
5 FEE 0.(p,98 0.5 T

_ B/S+AQ+BP)Y(p)/gw

0= BT AS) as
_ BJS+AB+Af(9)/6x,

OB == e BRI AS) (15)

R (15)¢] 6.(p)F FHIR T.o wiste] Wi
Xo o [ BBREBEE
AB BPTh

(P Th) —~—————A(1+BP> [ AVTSEy T
*1
_:,_____B____e'T%
A(Q+BP)
-+ f(P)/ﬂm AB BPTH
B A(1+BP> €™ 4(1+BP)

(16)
oha) Poll wdhe] E#shd Ou(X Twol % FrE
s whest ok

o po=e -5 ey T )k

(et 1o B e b
Febrone TG D] an

a2 R AN 4 Hel BAHES @AET=E T
BEgfe) ksl webd % (AN FECl GFIR
MEmEC o2 T, R (16) AESL oy
2 @adn gonz o2 /P & RIS HEaw
(X, TE o3 ),

.(X, T =1—e-«»i=0 i:o<”1>"

aatonins ) (F)




130 BE—SXGB-FTTEE

Bahl”gff( IR ER L
(g G- (F5E e as

=3 0.(X, T

O.(X, Th)zl—e“’{1+i__‘,1 = (-0

(m-+n—1D1(m+n)! ntn
minl(m— 1)'[(m+n)ljz ‘¢)< ) }

+ L) o e[ On S -0

(m+n)(m+n DIm+m! @)
mnl (m—D{(m+n)1}?

X_& n+n-1
( = ) dg (19)
(2) Z#eEM
2o FHro B ZHEH A Y BEHA
oy 80 _  W. 38
a.(0,—8)=—W. A ok 20)
ol HARKH
[x=Ao, f.=0
t":o; 0’=g(x)
& (04 EXRTEEE FH
20, _ _ ) 99,
&, —0.=—C T D % 21
ERT BREEHS
X=1, 9.=0
[Tc=0, O=g(X) /b

=3k X} T.9 Laplace HEFE PSS 2 ERFLF
—& HEoz d. & TIA?
—Cg(P)/On
—CS+DPA+CS) (22)
C/bn,
D(+CS)

[t g@e s o ()

0.(P,S) =

0.(X,S) =

0.(X, T)= ﬁ_

m=0 n=0

[ontm1? (X )(L)
m)ynl[n+m!12\ D c

g(&de 1)

_ o o 0D, -
R (DY 0.=0.—D52-dl 4 0.(X, T

0.(X,T=p- §e 5y 5 (=)t

m=1 n=0

AGERDIN BN i (S W PTOPE

mDm[n+n)]2\ D

+-£ Py L (LY (25)

On,  n=0 #nl
BB BIEE R (8), UDNA F(X)

ou(X, Th)=1—e-¢[%—(2—1!)2(%)2(2—2@

+<—-31T)2(—§>3(6—12¢+3¢2)

=022 g

_(4%)2(%)‘(24—72%36¢2—4¢3D

+(ﬁ)z(%)s(lzo—480¢+360¢2—80¢3+5¢4>

— -
O.(X, T) =1 e'¢|:1_|_¢( )
~(3r) () -

+(3r) () Go—s0+47

B <4L')2(%)4 (244 —3647+12¢°— &%)

() () caop—stog+ 1208204+ 49
. .

7h " K (20, @D X=1-¢ fAASH] mEcE
Al A Hofl FXTEE 0. 4 9.5 953 Zol
2-& T ek
on=1-¢"*|F—(F) 20
+(3r) g (612039

(g

+(Fr) F(120—480¢-+ 3604 — 804"+ 54

-, + ...... ] ) (28)

72¢+369°—4¢%)

Su=1-e 1+ % — () FeC20-0®
+(3r) Fe(60—607+4"
—(Fr) Fr g —s6g7+ 120749

- (5—1‘>2( é-‘ ) (1209 —240¢>+120¢° — 204 + &%)
P "

=3 X (260004 B B o @ 5B

¢ O Wpistze



BT BEET g B

B B 41\
1 (XY R
B (?) o
X
Gp=e 5 =g ¥TUX @an

& A R (G #ori B B BEEsd
o4 muERIel AR BESHRF. EE R
GBDzE 3 NTU=“W§' ool BB BNBESGRE
Fatal

_ W B,

ar= X ln 7. O<XgD (32)
4714 X=14 58
_ Wi, 6

Ar= AQ ln—a:- (33)

# (33)-2 BHVE AL BREAA EURL M#ER
o Hinfl BGEEERER]

3. Bflel R H W

o

3.1 —ff BRX BARB B

—f BRI ERAMoEYH F— HEE
A4 wRel dete]l 9= Mol TABE (B
2% Hel A FAo: BET fOBRBE(I
type)sh BEHAL flx DERE(T type) o2 EH
a3 o] Bl W BEASHE eb Fig. 25 ok,
o) gho] Hhshel, MAEMAAE R (D L RED)
& EAASE. 44 ot HRR Na=gg R4
oA, Ot BERES BED gt =T THE
fel A EBIEE b glo

90+
$ — 1 Type
gor ~=--1I Type
ou 70+ o Gz
@ o 82
€0

50
40
304
20 (s

t b

Fig. 2 Comparison of temperature distributions at
two type regenerator
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Table 1 Conditions of experiments, physical data
and heat transfer rate from experiments
for the stiring engine

. . N, gas | H, gas
Conditions of experiments He- [CooHe- oo
ater |ler 'ater ler
Revolution (rpm) 640 648
Twe Wall temp (°C) 406 410
T: Expansion area temp (°C) 350 343
T Regenerator in temp (°C) 367 390
Twe Wall temp (°C) 15 16
T Compression area temp (°C) 25 32
Tre Regenerator out temp (°C) 36 38
P, Porosity 0.824 0.824
A, Heat transfer area (m?) 1.66 1.66
*a, Convection heat transfer coeff! 1.08 1.46
(kcal/m*h°C)
W, Thermal capacity rate 0.77 1.04
(kcal/h°C)
Mean velocity (m/s) 6. 64]5. 31)6. 735. 38
Heat transfer rate (kcal/h) 272 225 410‘ 194
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Table 2 Temperature distribution for the Stirling engine regenerator

(N. gas)
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Table 4 Comparison of a. and regenerative rate
for the Stirling engine regenerator
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