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NOMENCLATURE

T : Temperature [C]

k : Thermal conductivity [W/m/K]

C, : Specific heat capacity [kJ/kg/K]

A% : Velocity [m/s]

UA : Overall coefficient of heat transfer [W/K]
Re : Reynolds number

NTU : Number of transfer unit

t . time [s]
« : Thermal diffusivity [m%/s]
p : Density [kg/m’]
u : Dynamic Viscosity [N-s/m’]
€ . Effectiveness
Subscripts
h : hot
C : cold
i : inlet
0 : outlet
: wall surface
w : inside the wall
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ABSTRACT

Analysis of heat transfer performance of polymer rotary

heat exchanger

DAEHYUN KIM
Advisor : Prof. DONG-WOOK OH.
Department of Mechanical Engineering

Graduate School of Chosun University

Heat exchanger are necessary for efficient energy use. Polymer have low thermal
conductivity, which limits their use in recuperator heat exchangers. In a rotary
regenerator, heat capacity is the main performance factor rather than the thermal
conductivity of the matrix material, so polymer can be used to replace metal. In this
study, the regenerator heat exchanger was analyzed by numerical analysis. In the air
preheater condition, calculation of the effectiveness between the metal and polymer was
compared. In the HRV condition, the change in effectiveness was investigated by
setting flow and HEP thickness and the RPM as wvariables. In addition, it was
confirmed that the effectiveness can be increased in the same volume by changing the
shape of the HEP. Through the experiment, the heat transfer rate and effectiveness of
each material were compared. The results show that the effectiveness between metal
and polymer is similar within 90%. As the thickness of flow and HEP, and the RPM

increase, the effectiveness increases.
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O XIZD Schmidt (1983)01 2o =AM e HEPS| MY 2HAZ2 s 2L

. oT, — oT,
Hot perlod pth,hA ? v o1 = hh(x)P( ﬂn - th)
| ) oT, o7,
Cold period PeCp A - T T h(z)P(T, —T,)

HIIN p= UG, o= HIZ, A= RSYS OB T= QM9 2&, b
M H&, pe QA BA20|, v= RHQ SE t= AIZH0ID ORI
S, c= N2SH, mS HEP ESHO|CH,
HEPUIEOIAS 2RLS 12D 20
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ox oy a ot pC,
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period?t ME2F X It SE2& cold periodIt FIIHCZ BI=EH SXMAOLS &Y
Ol OIRU&ICH. =IIB2Z Wicte R "2 Lo [t Modell2 2 E
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T Z 2AE2 inletCE K52 125 misE EHOIR D QLEE2 outletlE I
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&S AHASHCE Hot period= SIMMIE 180" 3 XMGt= = XISEH 0
JEL

£ 40 s St HA0l = HEPE JIEEL 5
period2] & L0 H&=TH & B SHS =D0Igt2 R HM a0l A2

U222 HEP= JHE &0 QUL Cold period= hot period2t S3tH 40 s

J

J
J

AtEI HEPOI 2o M2s Xt JFSECH 1 cycle2 hot, cole periodIt

O =S Sol HHECH 2 cycle2 =JIgt2 CHAl Ol ™ cold period2 =& oA &3

DL ZIB4, hot period?l SHAIOl &AHECE Ol 20| OlMoH& Sl =DIgt
hot, cold period2 Et=ZOl H&tE Sol RRE XIEZEQl cycleol & 0|
Modell2] ZES= ModeRE &

Model12| o4 HE 0l CHoHAl flow chartZ Fig. 2-30 LIEFSUCH

SotJl oM HEPJF PTFEQ! ZH<SEt

40s

75 RPM

HIH SHUH A= cold

O
2 om
= Y

N
o
g

MXA al
=2 o

Inlet hot air
(150°C, 1 m/s)

Symmetry Hot period

(2)

»

Outlet cold air
(30°C, 1

____________ o o o e

Symmetry _
ymmetn Cold period L=03m

(b)

Figure. 2-2 Boundary condition of Modell
(a) hot period, (b) cold period
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e

Initial condition
@ HEP properties (k, p, Cp)
@ Fluid conditions T=20 °C

P
|

Hot period
@ Fluid properties (k, pr. Cpn, Tc=150 °C)
@ Temperature initial value of HEP and Fluid (T..,)
@ Velocity initial value of Fluid (V)
@ boundary condition
left : T=150 °C, V=125 m/s

right : outlet

Calculate Heat transfer of hot period
@ Calculate heat transfer of HEP and fluid
@ Result output Ty, Vi, etc

Cold period
@ Fluid properties (ke, pe. Cpe, Te=30 °C)
@ Temperature initial value of HEP and Fluid (Ty)
@ Velocity initial value of Fluid (Vy)
@ boundary condition
right : T=30 °C, V=125 m/s

left : outlet
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Calculate Heat transfer of cold period
@ Calculate heat transfer of HEP and fluid
@® Result output T, V., etc

periodic steady state?

S

Figure. 2-3 Flow chart for the calculation process of Modell
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H 2 & & HHXAH 2D 222 (Model2)
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CE & el ®|HIt =IIH2Z Wilcte S8 HE JAXHCZ 2
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=
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ULt Duty cycle2 0.52 of0 8 =J|0IA hot, cold periodJt S8 Al2t0| &l

@

o= o
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X9 150 °C Z2I1Jt LEELZ S22, B3

50
2 4000 sE time stepE 1 sZ2 HAUCE A& BI|2 REW 2EXHOZ Air

preheater0il Al S5 220 ME 2t 28E == HluWot)l KA HEPS| THE

£ stainless steel(SS), aluminum(Al), PTFE, PEEK Z 4JIXIE Al AtGHCH

PTFE oH&Z 1 E Model 42| & 23X, HET 232 25 HHSE H|lWotH
ULk
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D, EES JIEGHN hot period= &2l BI|I2 35 °C, cold period= AU 3|
& 24 °COICL[23] HEPE= Z2IHME = HN2I90M AtE Jts ABSZ &AFTIA
Ct. of& 2 periodic steady statedt =2 [HILXl 30 cycleS HAGHR LD 0.5 RPMIIE2
£ 3600 s= time stepE 1 s HAIMCE HRVE ZR0e H=

HEP2| SH 2 RPMS & EGIH |SEX HIWE oLt RSHEL F

8, 10 mmO|({ HEPSl M= 1 mmOICH 7501 1 mis22 28 B, RE0| 0.01
g/se SYS HARE L0 BlwWotACH HEPLl SH= 0.2, 04, 0.6, 0.8, 1 mm O]
H *SHE2 $H= 4 mmOICH. RPM HZE2t2 0.2, 04, 0.6, 0.8 1 RPMOIH ®&
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Velocity (m/s)

————————-
Inlet hot air

—_—
Outlet cold air

Open Boundary
150°C

Imlet
Tim/s

1cycle

2 ‘ T . T . . T
] 4
O F 4
-1 F
. =—=Velocity |
) 1 1 1 1 1 I 1 1
0 40 80 120 160 200

Time step (s)

Figure. 2-4 Wave function

hot air

Symmetry

cold air

Symmetry
L=0.1m

Symmetry Symmetry
L=03m L=0.1m
0.5mm

—-
Outlet hot air

—
Inlet cold air
Open Boundary
30°C

Open Boundary

mm Thermal condition
mm Flow condition
Hl Thermal & Flow

Hm Observation

Figure. 2-5 The calculation domain with boundary conditions of Model2
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& Modell, Model22t Ol= 2-42°| Model32 Hs®HM= ZI101{ 2&0 0

g =M 28k, 25, HlE, &A= Table. 2-110t 2 (.

Table. 2-1 Thermal properties of hot and cold fluid flows

Thermal ] ] Dynamic
Temp%rature Conductivity De1:)s1ty Specliéc e Viscosity
P

(©) W/m/K) (kg/m’) (/kg/K) (N-3/m?)

hot and cold 150 0.03443 0.83433 1014.5 2.3712x10°
) air of

air preheater 30 0.02588 1.16460 1007 1.8551x10°
35 0.02625 1.1457 1007 1.87845%107

hot and cold
air of HRV 5
24 0.02543 1.1881 1007 1.82678%10

Air preheaterilA 251 Zcl0f MAE S XY 452 HlwWat)| fISiA HEP
O THE S stainless steel(SS), aluminum(Al), PTFE, PEEKE & &Gt 1D, HRVS &=
e SR Y292 ABSZ olCH MES ST T, LT HIZ2 Table.

2-2%F &0

Table. 2-2 Thermal properties of calculated material

Thermal Conductivity Density Specific Heat
Material k P, D
(Wm/K) (kg/m’) (J/kg/K)

Stainless Steel (SS) 14.9 7900 480
Aluminum (Al) 237 2700 900
PTFE 0.27 2170 1000

PEEK 0.25 1330 1700

ABS 0.2 1070 1680

- ’I 6 -
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H 3 220 228 Z0t & O

Model2= Modell 1t AIZH0l (HE HEP HUONAMS 2&Heet 82 2XEE

=3
2% 0ICt. HEP EHE hot, cold period2| cycleOl XIZEZ0H IOt

o
H1

tACH Fig. 2-62 Modell 2t Model22| AlZH0 (HE HEP2 MM =EH

HECH0 ESHCZ FIIE I Ul 228 cycle2l OHXISE AlZHOIA

E Table. 2-301 HEAIGIRLH & Hel 2E2te 2=X= 2F 1% OILHCE Cycle

Ol et==0ll Met =18 BAEAYE0 =E0otH T/ Model22l &S hot period il A

ItH2%< 94.67 “COIL] cold period0IA2 EM2E=E= 7191 °COICE Fig. 2-71t

kS
282 RE2t9 RSEXE HI WL 7SE hot, cold period)t HAEHAH RS2

SSH0] BEPO| 20 2 period] X ZEO| AI2H0] JIE BIS0| 2 2002 M2tg|0f

period® 1 sOIM HIWC 7S L= periodic steady statedt & OIS

Ol M hot, cold period2| center?t outletOl A Bl WotALCE =010 HE 22t

FE= 873 3% O0lLHe Xt0IE EQICH Modell 2t Model22t2] HEP HEH0

o SSEE2 X0le BLEZ Model2Z HotsS MERULCH

100
_ 80
| @]
=111
v
Z 60
g
|
40
g
D
H
20 & | #Modell
| » Model2
O i i 1 i i
0 200 400 600 l 800
Time step (sec)
100 90
90 /\ I
80 i 70t
70 L—t 60

660 670 680 690 700 700 710 720 730 740

Figure. 2-6 Temperature of HEP surface
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Table. 2-3. Comparison of HEP surface temperature

Modell Model2
HEP surface temperature HEP surface temperature

(9 (9

hot period 52.74 52.31

1 cold period 41.25 41.40
hot period 70.70 70.37

’ cold period 53.49 53.81
hot period 80.84 80.43

’ cold period 60.75 61.06
hot period 86.75 86.35

! cold period 65.08 65.45
hot period 90.21 89.77

i cold period 67.63 67.99
hot period 9224 91.94

° cold period 69.15 69.54
hot period 93.46 93.13

i cold period 70.05 70.52
hot period 94.16 93.86

i cold period 70.57 71.01
hot period 95.17 94.67

50
cold period 71.32 71.91
- 18 -
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—Modell

+ Model?2

x =0.15 m (center)
, ot aip, 39215

(R

0 1 1 1 1 1 1 1
0 0.5 1 1.5
Velocity (m/s)
(@)
2_5 [ T T T T T T T T T T T T T T T T T T i
T |=—Modell ]
2 F |+ Model2 .
215 .
2 f :
£ 1 F ]
s r ]
0.5 C ]
C x =0.3m (outlet) ]
C hot air, 3921s ]
0 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1
0 0.5 1 1.5
Velocity (m/s)
(b)

Figure. 2-7 Hot fluid velocity of first time in 50 cycle

(a) center (x=0.15 mm), (b) outlet (x=0.3 mm)
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y axis (mm)
7

,_.
W

y axis (mm)

g
W

+ Model?2

- |—Modell

. cold air,l396ls

x=0.15m (center);

1

1.5 2

Velocity (m/s)

(2)

—Modell

+ Model2

x=0m (outlet);

(b)

1.5 2

Velocity (m/s)

Figure. 2-8 Cold fluid velocity of first time in 50 cycle

(a) center (x=0.15 mm), (b) outlet (x=0 mm)
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RRS| E@NY HA2 air preheater =21t HEP2| MZO| PTFEQ! ZSRE Model2
0 cycleOlAl AIZHOI (& y=0.25 mm X&E U SXS%, HEPEH

Hot2 ZAHGHACEH Fig. 2-9= hot periodMI M2l S X2 HEP HEH 0l
c

x
10

2% B30ICH ()= y=0.25 mm XEUA D2 & H30ICL D2|RMd=
1 sOlA HEPOIl €= NMZ0t 150 "CUH M 56.61 ‘CHLARI 2= Ch Hot periodIt Xl
£CHAM HEP= JIEEH2Z N2RMAL 2% 0le EHSH L0 24
ECh Oetd S 272 2= A0l XIgu Tet St D0 39 stidE 74.98
‘COICt. hot period2 40 s =2 EFUHME =AM 2 2&%= 60.79 ‘COICH (b=
HEP HHWAM2 & HH3II0ICH HEP= U2RMEZRE ZS ML 0L AI2H0l X
g0l el Xt JtSECh JF2 N2 YFRARES 1~39 s A & 115~147
'C DX JHEEHMH, 7 222 2 33~57 °C DHXl JtEECH HEHe MY H2 2
S = 73~95 CHHAl JtEECh Fig. 2-102 cold periodIM2l &% H3H0ICH (a)=
y=0.25 mm XI&EUHAM MM & HIO0ICL H2RHM= 1 sHlA 30 COlA
93.11 ‘CIHtXl JtE &L Cold perioddt XIESEIHAM HEP= HADEZ H2RH et
grgae 2450 2H 272 25= Al20l ol Tet 2450 39 stiAeE
76.17 °COICt. cold period2l 40 s =2 U ML =M E=22&= 94.55 “COICH
(b) HEPEHUAMC 2% H3Z H2K A €2 =610 AlIZH0

LAECH QLEZEES2 M2FA A7 222 139 s Al & 5131 C2 HAEMH,

E4 BF22 2 144~109 °C NHAl S0 H2EHO MH Ba=2E= 51-31 ‘CHHAl

A
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Temperature (°C)
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- |—39s .
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20 | —39s i
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Figure. 2-9 The temperatures of the hot period along time

(a) fluid temperature at y=2.5 mm, (b) HEP surface temperature
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Figure. 2-10 The temperatures of the cold period along time

(a) fluid temperature at y=2.5 mm, (b) HEP surface temperature
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Figure. 2-11 Heat transfer rate of material from air preheater
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Figure. 2-12 Effectiveness of material from air preheater
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Figure. 2-13 Variation according to fluid thickness at the same fluid velocity in 2D
model

(a) heat transfer rate and outlet fluid temperature (b) effectiveness

_28_

{“/Collection @ chosun



0.08

0.06

0.02

Effectiveness
S °© © © © o ©
—_ [R] LY =y h N -1

(=]

Figure. 2-14 Variation according to fluid thickness at the same mass flow in 2D model
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Figure. 2-15 Effectiveness according to HEP thickness in 2D model
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Figure. 2-16 Effectiveness according to RPM in 2D model
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Figure. 2-17 Convection heat transfer coefficient
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Figure. 2-18 Shape type of HEP
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Figure. 2-21 The calculation domain with boundary conditions of Model3
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Table. 3-1 Thermal properties of experiment material

Stainless Steel (SS)
Aluminum (Al)
PTFE
MC Nylon
PSU
PPS

14.9
237
0.27
0.23
0.15
0.3

7900
2700
2170
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1245
1350
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Insulation

Figure. 3-4 Casing of rotating disk body with silicone rubber sealing attached.
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(a)
Figure. 3-5 (a) high temperature blower, (b) double inlet blower, (c) inverter

Table. 3-2 Specification of blower

Eiel RS2 MAHG
Olol blowerdt

High temperature blower

double inlet blower

Characteristic (120C)
RPM 1150 900
Air Volume
(CMM) 53 44
Air pressure 255 265
(pa)
- 43 -
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Figure. 3-6 Blower performance curve

(a) high temperature blower, (b) double inlet blower
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325 2 9 &3
gus|el 452 EIgH| /o= LER2 50 &5 =J0| 2ROt
3712 2EFFE K-type thermocoupleE oIA 1D RE=H2 pitot tubedt XL HE
085t =FGIUCH RES AULHA sS40 Ol&IIM HEHLEA, Hi=50l
SBHAMOZ AHAECEH DC= XHL ESHMY, RS2 0AIH &= T= SF2E
P= CHOI0ICH

(a)
Figure. 3-8 (a)

2*(25DC—25)RT
P

(11)

-

(©)

K-type thermocouple, (b) pitot tube, (c) pressure transmitter

(b)

Table. 3-3 Specification of K-type thermocouple, pitot tube and pressure transmitter

Range
Allowable error

Accuracy

270 ~ 1250 C 0 ~ 100 m/s 0 ~ 100 kPa
1.1 T or 0.4% - -
1% for a +10°
- alignment to the +0.25%

fluid flow
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Figure. 3-9 (a) step motor (b) pulse signal of function generator

Table. 3-4 Specification of step motor

NK-245
Reduction ration 294
Phase 2
Holding torque 82.5 N'm
Rated torque 10.2 N'm
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Figure. 3-10 Measurement of inlet air flow velocity. (a) hot, (b) cold
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Figure. 3-11 Measurement of air temperature (a) hot side, (b) cold side.

_48_

{“ICollection @ chosun



Fig. 3-12= Vi= 4 m/s 2 [ V.0l (12 SZENGH 2% RETE LIEHHACH
AKX aluminum & If SESEHEH = VI HESS 0.0244~0.0344 kKW/KE
S0H= HE 2ot RES= VIt 100% &€ Mes 0.201, 75% & M= 0.155,
50% & M= 0.1830ICt Fig. 3-132 V=5 m/s & I V.0l HE SFEHLH 2
SETE UEIURALCH S2IEGAH = VI WBESF 0.0267~0.0333 kW/KZ =0t
Ne HEe Bt &%= VI 100% & = 0.184, 75% & = 0.142, 50% &
= 0.1510IC}. Fig. 3-14= V= 6 m/s & I V.0l [IE SZEEGH =% =L
E LIEHLHACH S2EALH = VIF HE4= 0.0301~0.0391 kWKZ =0tX&
A2 B0 REE= VI 100% € M= 0.173, 75% 2 e 0.142, 50% & M=
0.1470ICt. S2EHEH = D22 M2R REH0 =S5 SIECL BHEH
RES= I2R29 RH0 FE2+5E =0 12 250 2 & e N2 =

=0| 75% & M It Z2 A2 ZOICh Fig 3-15= AME effectiveness(e)ES hot
side Re(Re;,), NTU2I Hlwsh Z0ICH AEZU REET= CFDZ U2 SASHA TH
[

=2
20l o280l =501 S5 REZ:s
P

un o H
=}
N
°
=}
c
10
bl
=}
Hu
I
z
0
=}
>
0Q!
@
=}
@
10
10
fol
0x
o
Job
o
g
O
<
o

_49_

Collection @ chosun



0.04 ;
»
2003 | R | —
s ? ]
[
= P
50_02 - .
oo L[| mss ® Al ]
@ PsU B MC Nylon
PTFE 4 PPS
0 i 1 L 1 i 1 L 1 i
0 2000 4000 6000 8000 10000
Re,
0_3 T T T T T T T T T
4
02 | L -
s &
|
W o v E
0.1 .
S5 e Al
| ®PSU EMC Nylon ]
PTEE 4 PPS
0 1 I 1 I L I 1 I 1
0 2000 4000 6000 8000 10000
Re,

Figure. 3-12 Overall coefficient of heat transfer and effectiveness
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Figure. 3-14 Overall coefficient of heat transfer and effectiveness
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Figure. 4-1 Improving the device through minimizing gap and leakage problem.
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Figure. 4-2 Minimizing the weight of the rotating body, and installment of pipes.
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Pitot tube

Figure. 4-3 Pitot tube installation.
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Figure. 4-4 Measurement of inlet hot air flow velocity.

_59_

Collection @ chosun



Velocity (m/s)

Velocity (m/s)

L¥¥]
T

£ = L (=3} -1
T

—Vh.outl —Vh.out2 —Vh.out3 —Vh.out.aver

200 400 600 800 1000 1200 1400 1600 1800
Time step (sec)

(2)

—Vh.outl —Vh.out2 —Vh.out3 —Vh.out.aver

Figure

Collection @ chosun

200 400 600 800 1000 1200 1400 1600 1800
Time step (sec)

(b)

. 4-5 Measurement of outlet hot air flow velocity.

(a) non recirculation (b) recirculation
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Table. 4-1 Measurement of hot air mass flow

Non-recirculation Recirculation
mf.h.out.aver mf.h ratio mf.h.out.aver mf.h ratio
(kg/s) ) (kg/s) (7o)
0 0.149 31.02 0.211 1.94
0.5 0.147 31.94 0.208 3.7
1 0.144 33.33 0.213 1.39
1.5 0.145 32.87 0.211 2.31
2 0.14 32.87 0.207 4.17
3 0.146 32.41 0.213 1.39
4 0.145 32.87 0.214 0.93
5 0.145 32.87 0.212 1.85
10 0.145 32.87 0.213 1.89
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Figure. 4-6 Measurement of inlet hot air flow velocity of damper control
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Figure. 4-7 Measurement of outlet hot air flow velocity of damper control

_62_

Collection @ chosun



XML -2 2L = ZUE =HOIGHALCE hot side?t cold sidell 2+
MeE 2%t st ez =0IEC E70A 2% #H3l= RRE =& 4
I SLGHA hot sidell B2 IAIATI SIE-= SI|IJF 2t SN /&
Sl cold® B SIMATI SIHeeE SIIF &I 24010 F&5= 20|
SOIECH AEHUAML S50 25 Z2UE UK EHAASE HAMSIGS M 2 091
Z HSSAMIF JIMES DHGHH HUX ¥ As E46 21z BHECH

120
100 —m—m—m———————— e ——————— e —————
— L
Q
s | T SRE T SR SR RS
g L
£ 60 t
E ..
%* 40
=] 5 i Th.in 45° Th.in 90° —Th.in 135°
. —Th.out 45° —Th.out. 90° —Th.out 135°
O 1 | 1 |
0 50 100
Time step (sec)
(@)
80 r
PR R T i i, O i i IO i ST i W
g *Ww
> i
£ 40 f
) .
5
= 20 r Te.in 45° Te.in 90° —Te.in 135°
—Tc.out45° —Tc.out90° —Tc.out135°
O 1 | 1 |
0 50 100
Time step (sec)
(b)

Figure. 4-8 Measurement of air temperature
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