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Abstract : SI process is one of the most advanced thermochemical water splitting cycles enabling mass production of
hydrogen without emitting carbon dioxide when coupled to nuclear heat energy. The highest temperature (close to 1000
°C) required in SI process is well matched with the outlet temperature of a coolant circulating a high-temperature
gas-cooled reactor at around 950 °C. In Section 3, some heat exchangers are included to recover heats from process
flows at high temperature. In this work, we designed a heat exchanger based on the 1 Nm*/hr H, production capacity
using commercial tools for chemical process design.
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Thermochemical process

Energy sources

Electrolysis
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Chemical reforming

"Corresponding author, E-mail: b.h.park@ut.ac kr

19



A7 4-

%ﬂ%ﬁH g} o] &
5

O
Aol Al Al ket 54" ii 37t 9@ e =& w9late] o}
S 22 S ol 2 st o R 27
= 37golth

SO, + I, +2H,0 — 2HI+ H,S0, (1)
H,S0, — H,0+S50,+050, @)
2HI — H,+1, 3)

ke vl A)(1)2] vEg-2 Eo] ojiksldat g @
T obuh-g-ato] gl o
& Bunsen ¥h-3-0 & 22|11 Qlch gh-g2Al(D)ef &) &
ERE A Rpel A AR el E AL o] F ¥
21 ALt )= AA Z7F Abd Z]AH|9F S48 Z71AI7F
A= 7h o 2 ST BAL A E o] 9t o] upS
of Hagt o= AR TRl AL kAR
2RE FEES 5 97 o] dubd o SI g4
2 AR AS 2 T Ak

Aol A= WE3(3)9] HI 23l 578 <l

A FHE TFE= 559 =&
27| HAAE A3t ol & 28l
F =] ASPENS Alg3te] SRET Gugtr] A4
ARG =&t

w2
@
o]
=
Q
=3
2

ASPEN PlusE AHg3t dmghy] H71: Algss

FECE DR R

Hix §91-2 542 g5ta B4E5S ol g-ato] A4t

317] SlaiAl e AUEASS Farsjof dek. ket o
A

Bt AW el B 58S Ho|w 9]
7] w0l AHLA S FabE SIS = A Al o]
g,

958 Ay o)A 52 Z(shell side) QA
Al b, = TS 4]9] Donohue4]? & AHg-5Fe] A4

20 sizuscisin 8- SsplegiTa =27 M7 ®MS, 2017

ERE 2

D G (J.(i( Cp/l )[).33

o S 1% @
9 Aol Al G, Bk B B2t A} BE

HNEAY BEL GA19) NEBE AFE

Aol ols) Tt B AFEE G0 e RATHE

Agsw GRRE 2YE

G = VGG, (&)

G=g ©
G=g ™
21©0)T} (Noll A== BHAS oS 252 49
ek
5, PD.Q( » ) ®)
7rD2 7rD02

=h— N ©)

A®)A P

B3l 9%, pi TE 7] Ao

A F47H4 ) Aa = ougiet. 2904 f,i &

5 ol ofs) Y68 FA T BE(25% Baw

%9-0.1955)0] ] zv,,t w3 3 o] 2ol 7H¢

vl e, sk, 919 4]

(hell ] SR 5 ube)e] WA B LpERIC,
U2 0] ARG AL, by The-o] Colbum 4 4]
& Apgstel 7 4= e,

(10)

o melsnmA] o] Aol utet kst
A T B Aol At 7o) 42 wiahA| 7 olo]
WA AYRES MEA I om HE o2 A9 =
H b, b= 27 2.185693 12.6636
.



Design of Heat Exchanger for Section 3 of SI Hydrogen Production Process

- Calculation .~ Flow arrangement
) Shortcut Hot fluid: Shell ad
‘ © Detailed Flow direction: Countercurrent -
No. shells in series: 1

‘ O Rigorous

Size Shell&Tube |~

["] Use Design Template File

Calculate number of shells

Rigorous Model " -
Type: Simulation -
| Shell&Tube
‘ AirCooled Exchangertype: Heat exchanger

| Plate
|

~Exchanger specification

Specification: ~ Cold stream outlet vapor fraction

Value: 0

Exchanger area: sqm ¥
Constant UA: keal/hr-K ¥ [
Minimum temperature approach: 1 Cc '
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Heatx results
Calculation Model Detailed

Inlet Outlet
Hot stream: 308A 3088
Temperature: 213.036 C v 195.833 € v
Pressure: 10 bar v 9.99998 bar ¥
Vapor fraction: 0 0
1st liquid / Total liquid 1 1
Cold stream: 302C 3020
Temperature: 170 C ~ 187.369 C o
Pressure: 10 bar v 9.99999 bar o
Vapor fraction: 0 0
1st liquid / Total liquid 1 1
Heat duty: 0.575017 kW >
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Exchanger details -

Calculated heat duty:
Required exchanger area:

Actual exchanger area:

Percent over (under) design:

Average U (Dirty):
Average U (Clean):

UA:

LMTD (Corrected):
LMTD correction factor:
Thermal effectiveness:
Number of transfer units:

Number of shells in series:

Number of shells in parallel:

0.575017 kw

12.288 sqm
12.2887 sqm
0.00542772

181728 Watt/sqm-K
181728 Watt/sqm-K
19.201 keal/hr-K
2575 ©

1

0.67452

1

1
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r Tube results

Tube type

Total number of tubes:

Tube length:

Nominal diameter:
Inside diameter:

Outside diameter:

Tube thickness:

Pattern:
Pitch:

Material:

Fig. 5 &5 A4 A%

Thermal conductivity:

BARE
160

11
0.875-IN
0.018923
0.022225
0.001651

Birmingham wire gauge (BW( 16

TRIANGLE
0.02539
COPPER

334141

I Zo] 1.1 m Zol9] &7 2.2 cm I 16
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Shell Side Tube Side

Exchanger pressure drop:  2.45049e-05  bar v 817631e-06 bar 2
Nozzle pressure drop: 1.74483e-07 bar v 1.86616e-07 bar >
Total pressure drop: 246794e-05  bar v 836293e-06 bar b
Shell side maximum crossflow velocity:

Shell side maximum crossflow Reynolds No.:

Shell side maximum window velocity:

Shell side maximum window Reynolds No.:

Tube side maximum velocity:

Tube side maximum Reynolds No.:

P-drop parameter: Hot side: Cold side:
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