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Abstract

We develop a heat exchanger modules for a multi-burner hollee heat exchanger module is kind
of a heat recovery steam generator (HRSG). This heat regosystem has 4 heat exchanger modules.
The 1st module consists of 27 bare tubes due to high temperatxhaust gas and the others consist
of 27 finned tubes. The maximum steam pressure of each madule MPa and tested steam pressure

is 0.7 MPa. In order to test these heat exchanger modules, ale a 0.5t/h flue tube
40 Nm/h).

boiler (LNG,

We tested the heat exchanger module with changing the @ositf each heat exchanger module.
We measured the inlet and outlet temperature of each hedtamger module and calculated the heat
exchange rate. The results show that if module C is placedeabnsl stage (the 1st stage is always
module O, bare tube module), there is no need to attach artiaaddi heat exchanger module. In this
case the exit temperature of module C is low enough to enteecamomizer which is more effective

in heat recovery than a heat exchanger module.
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Table 1 Details of water tubes and fin.

Fin geometry
(height x thickness x pitch)
9Imm x 2mm x 2/in

Description| Material

Module A | STBH340
Module B | STBH340

Module C| STBH340
Module O | STBH340

9mm x 2mm x 3/in

12.7mm x 2mm x 4fin

bare tube
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Fig. 2 Installation of boiler and heat exchanger.

w3 ShAgS FFE GEow AAsly] 9§ o
2] 7] o] x| (PSCDO5000CAAG, Sensyd) & 4t
(/16" SHdgE F st b5 22 24 1)
2 EFFHNmYh, ]9 0C )02 Wit

<7 1)

>,
=
fr
=
2
_1
>,
)
mlo
=
o
o
o
wo
™o @y

LA A4 rE
[ ox of 1 ox

< 7}%6}214. Fig. 301]*1 HEL w7
L& SAs] By el A,
} (250mm +4) S 7hEekglth. aga
oA IS AYHA w77~ 25 Ws)
H FH Afole] & 54
om 1 7+AL& 120mne|th.
REY 2% SAAY wWrts 2R S5
Folel Al 145mnelth (Fig. 314 @
7 @ A Abolo Ag). RdeldA HiEY

qji 2%7F 800 ~ 900C ALolm&
145 ARl SEE A5
?ﬁ B2 Fig. 49 w=28tivh. Zwa)
%= Fig. M 41 T 6 FHAbo
Z A3 oM (Fig. 4914 71

ol

QL
N
o %
3@ S
4 0
!
O RN

o, I

3055



@
o
o

NOx 51
4 77

e
=}

/
/

2 2.3

2.7 2.7 2.1

N
@
o

ele] 1

0 ~.

NOx [ppm] .

n
5]

02 [%], CO [ppm] .

*
+
=)

-1 0
5 10 15 20 25 30 35 40 45
Flow rate of LNG [Nm?/h1

Exhaust gas

Fig. 5 Results of exhaust gas analysis of burner.

Exhaust gas

4
Fig. 3 Temperature sensin oints of each heat = = & & & & /& /4
: P o P CNONONONONONONORC)

exchanger modules. N . .

* * * *
OEORONCRORONON

* 0000004 00000000 & * * *
/O @
NS - -

50 135 220 305 390 475 560 645 730

o © & o 6 o0 o 6 o

T o B e e O s B e e O s s B e s O e | x [mm]
Fig. 6 Schematic diagram of finned water tube and
: [ [ IEJ 1EJ ! [H ! : temperature measuring points.
: , A THiH Tk LNG 2%, o5 2 7tafds ASs] 9% T
! ! Y A, A R S, wdel wAshe
= oleﬂ% =2 &7 [e) -(‘:5‘1. o]-ej‘
o(vle(vle ¢l encm=0 o] e ¢]® 50 o] H = "100}1 H H 74]
(PSCDO015KAAG, Sensys)1@]i ®dele} 7F 3
: : Fu wgEd FRHE 2o §%8 43 9
| | 1E3 1 EJ E g fFEFAE ARgskdlen, o e HolH=
A/DZAH E|(GL-450, Midiloggens %3 #AFEH=Z
: | | | I I | : 5[:;](:16‘]‘9,;\:]‘4'
Bdejo] AAE Aol gk vir] 7k A
x Ab&sto] AAE Bdeol s ZF FehdE w7
: : : : 7 B4 S AAsien, 549 Z3<E Fig. 5
Fig. 4 Spanwise temperature sensing points and N _ o
. of mASR. 7t RepdE wr)slad ¥k
index of water tube. = o
Q9 FEE 21 ~ 29% Yo% oW, CO
[} o tlo] o) olE E3] AA k)
A Az ), A wad A gus g o) B deem TTReInG. ol wel Bt 4
| 23] o]FojA1 QYee & F vk EI NOX
Be A0 o4EE $uF F@ Aol ex 5 T
- o] 7% 5lppm Wptoem e FE)E 4 F
I CE R e N e
4RAYt. e 248 nAAR TR AR
3 & AAAE R EDL@L% =x]5)el o &}
BT ggwHle wdsd o aeemen 23%WEY| 25 SMAIH : O-C-BA
IRJEAAAN s 54T o s5eet S4s9 15 o8 o ol .
2} 5] BTl 2E5s 2]-0-C-B-Ass X
oodddE 0e 54 9xe §0 § exs o0 Sw7] BEE 2U00CEAT
Suse Age 2w FolE - 10wy sme  UF AT F dud A9 wE AYe £
[S] vy U= RN - LN =o=
j]x%}oﬂ G et e Qlth. mde 3 100% (39.8NMvh, 31.4kg/hy
oo 7} mEola]o 2L 90T Ba= =3
Az AgE AAE AR wg ewe g 0 T LEANA WIS S SR S
7| 7k 2] AlAEEE 2.9%E 711 1.
Ao Ae KY DAY, Azslel Fame o VRS REERE 29%E7IN - 116)

3056



©
o
o

728

©
o
=]
-—,Ih
8

[ BN
o o
o o
AL
g

o
o
o

~

o

o
me

temperature of gas [C]

197

noow
o o
S o
=
; ‘
IN]
I

181 177 170 165 161
? Hﬂ—u—g

o
o

o

Boiler Ist module 2nd module 3rd module 4th module
exit (@] © B) (A)

Fig. 7 Streamwise temperature distribution of each

module of O-C-B-A at 100% load.
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Table 2 heat transfer
O-C-B-A condition.

1st module | 2nd module |3rd module| 4th module
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Table 3 heat transfer
O-A-B-C condition.

rate of each module of

1st module | 2nd module |3rd module| 4th module

2(3(4|5|6|7|8]9|10|11|12|13

) ) f , P! ’ 9 y
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Table 4 heat transfer rate of each module of

O-B-A-C condition. 235
1st module | 2nd module | 3rd module | 4th module
2|3|4|5|6|7|8|9|10[11|12]13
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