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Applications of High Temperature Heat Exchangers (HTHES)

Fig. 1 = Sulfur-iodine thermochemical cycle [3].
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Eg.1: Microturbine system with recuperative cycle and EFGT cycle
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Eg.2: Very high temperature reactor (VHTR) and hydrogen production
---HTHE is one of crucial elements for use!
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Developing trends of HTHE

>—» Higher Temperature, Higher Pressure
e.g. Recuperator for microturbine system>650
Hydrogen production >85@

I\VV generation high temperature gascooled reactors >908
Solid oxide fuel cells >1008®

Externally fired gas turbine cycle>10008

Chemical, Metallurgical, Glass and WastgC. Luzzatto et al)

Z{) Maximum temperature: 15008
Maximum pressure: 2.5 MPa
Maximum differential pressure: 0.6 MPa

Luzzatto C, Morgana A, Chaudourne S, O'Doherty T, Sorbie G. A new concept composite

heat exchanger to be applied in highemperature industrial processes. Appl Therm Eng
1997; 17: 789797
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What should we do for HTHESs?

Vd

E More compact heat transfer structure to improve efficiency and
save cost
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What should we do for HTHESs?

Vd

E More reliable heat transfer structure to improve safety

Compressed

air passage Compressed High temperature creep

air passage

and deformation

passage

—ir#ai BiC luies

Cardiff university

s

University of Nevada Sandia Nationai

'I_'a'boratory
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2. HXs with Inner/Outer Fins

Background Heat Transfer Enhancement for Gas (Convective)

x Fin-andtube(tubefin) heat exchangers are encountered in many power
engineering, chemical applications such as compressoiciiégrs, al

coolers and fan coils
X Fins are usually used gassideto enlarge the heat exchanger surface and

hasten the disturbance of the flow
x Gasliquid: outside fin and tube HEX (as usual)

lli'nﬂlr
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PR EERR P E i

FOHE 4
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HXs with Inner Fins impeller

A A—A

gas-out Multi -Stage Compressor
System (inter -cooling)

U Increasing the gas velocity to enhance heat
transfer (compressed air i cooling water)
13
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N One-end Blocked
Inserted tube
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--- Major Concerns

|. The Effect of Center Tube (Diameter)?
II. The Effect of Longitudinal Fin Profiles?
lll. The Effect of Fin Cross -Section Profiles?

V. How to Evaluate Comprehensive Performance?

15



2. HXs with Inner/Outer Fins

Effect of Blocked Core -Tube Diameter http://chex.xjtu.edu.cn

Beneficial Coefficient —

16



2. HXs with Inner/Outer Fins

Effect of Blocked Core -Tube Diameter http://chex.xjtu.edu.cn

Velocity field and temperature field at different ratio
under identical moderate pressure drop (not to scale)

BE ﬁ"

EER:T:

o/ Th=0.25 a0 =05 /L =075
(a) velocity field at 2=0.31m

o =0.25 B el
(b) temperature field at z=0.31m

17



2. HXs with Inner/Outer Fins

Effect of Blocked Core -Tube Diameter

3.5x10™ 7 —5— m=0.0002kg/s 2.0x10™ A
—0— m=0.0003kg/s

2.5x10™ -

2.0x10™ 4

b/W.kg.Pa*t.m?s*

1.5x10™ 1

—— m=0.0004kg/s
-4
3.0x10" 4 —+— m=0.0005kg/s —
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(identical mass flow ratg

b/W.kg.Pa*.m?s™

constant wall heat flux

1.0x10™

9.5%10"
8.0x10™
B.5x10
5.0x10°
7Ax10"
7.0x10"
BAx10*
B.0x107°
55%10°
E0x10°*
4 Ax107°
4.0x10°
35x10°
30107
25x10™
2010
16107
1.0x10""

ﬁNV.kg.Pa'1 m?s’

e 7 (identical mass flow ratd

—o— 10waves
- —o— 1owaves
—— 20waves
—— 2owaves

T T T T T
0.2 03 0.4 0.5 0.6 oy 0.8

uniform wall temp 1.8x10°"1

1.6x10™
1.4x10™ 1
1.2x10™ 1

1.0x10™

—=— m=0.0002kg/s
—e— m=0.0003kg/s
—&— m=0.0004kg/s
—v— sz.OOOSkg/s

8.0x10°

d,/D numbers (>10)

(b)Y m = 0.0004kg/s

AOptimal ratio 0.5 to 0.625
Anot sensitive to wave

See: Effect of Blocked Core -Tube Diameter on Heat Transfer Performance of Internally

Longitudinal Finned Tubes, Heat Transfer Engineering, 29(1): 107

1115, 2008
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a_ Interrupted Wavy fln’ Interrupted wavy fin siruscidal wavy fin plain fin
b- sinusoidal wavy fin, Velocity distributions at different
c- plain fin streamwise locations (Re=2713)

19
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2. HXs with Inner/Outer Fins

Effect of Fin Longitudinal Profiles

40
30 |- ‘,_'_,..n
Nu g/ﬁ
20 - //g’/
i E____—-—d'"—- --——r—.___..-—l"".
10 | "
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o
2 ( : e
% ,)J a * "
I,
1 " 1 M e o o | e s o aal e aaaaalaaa s,
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Comparisons of Nusselt number
and j/jp with Reynolds number

ol
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—o—interrupted wavy fin
—a=—ginusoidal wavy fin

2000
Re

Enhanced heat transfer performance
based on the area goodness factor

3000 4000 5000

See: Computational Analysis of Heat Transfer and Pressure Drop Performance for

Internally Finned Tubes with Three Different Longitudinal Wavy Fins, Heat and Mass

Transfer, 45: 147 -156, 2008
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2. HXs with Inner/Outer Fins

Effect of Fin Cross -Section Profiles hitp:l/chexxjtu-adu.on

out—tube

symmetry

flow direction

adlabatic S-shaped Z-shaped  V-shaped S-shaped Z-shaped \-shaped

21



2. HXs with Inner/Outer Fins

Effect of Fin Cross -Section Profiles hitpiHichexXjtu.ady.on

Choose the tube with V-shaped fin profiles to be the base
tube for comparisons .

ldentical mass flow rate:
- ARelD” .~ ARe/D | [
ldentical pumping power :

" AReDF .~ AReIDT

|ldentical pressure drop:
" fRe?4D,* = fRe?D,> |

SOorz

l]SOI'Z— ( N lH Ah éOI’E
a, (NyA/
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2. HXs with Inner/Outer Fins

Effect of Fin Cross -Section Profiles

Friction factors and Nusselt numbers

http://chex.xjtu.edu.cn
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2. HXs with Inner/Outer Fins

Effect of Fin Cross -Section Profiles

/&,

g ar =
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iIdentical pressure drop
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identical pumping power

Z-shape is the best

S-shaped

T T T T T T T
4000 2000 12000 16000

See: Effect of Lateral Fin Profiles on Turbulent Flow and Heat Transfer Performance of

Internally Finned Tubes, Applied Thermal Engineering, 29: 3006

-3013, 2009

24
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Summary

nm
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Bayonet Tube HTHE with Inner and Outer Fins

I uuulu_r
IREERERTE E

Externally finned tube

Tube with inner

and outer fins Used for gas -gas

HTHE ?
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Bayonet Tube HTHE with Inner and Outer Fins

Cold amr inlet
Outer tube

Ohter fin

Inner ube

1" Zone

Inmer fin

d -
3™ Zone

Cold air outlet

Hot gas inlet _

Advantages of novel bayonet tube HTHE with
Inner and outer fins:

E Fins are welded outside and inside outer tubes
E Combination of superalloys and stainless steels

27



2. HXs with Inner/Outer Fins
Bayonet Tube HTHE with Inner and Outer Fins
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€ Fins are employed outside and inside outer
tubes of bayonetelements

€ 27 zone high temperature zone, made of
nickel-based superalloys

€ 39 zone low temperature zone, made of
stainless steel

Coldairinlet@ T Hot gas outlet

Inner tube Outer tube Baffle  Outer fin
Ht
N TN
L H it D
DR 3rdZone
i \\J ] -+ )
1st Zone—;
o I +
, i H D
I ) — 2nd Zone
N g i

H

Frontal
tubesheet

Back tubesheet Longitudinal baffle  Refractory layer
Cold air outlet@ THot i
gas inlet 28



