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ABSTRACT

Boiler in industrial plant is an important device of production process generally
which uses a lot of fuel. Effective usage of boiler and recycling waste heat from the boiler
can save fuel. This project has guidelines for fuel economy at Fuji Ace Factory. The factory
has 4 boilers including boiler numbers 3, 4, 5 and 6 but only use 3 machines and will switch
using continuously. Boilers which are used currently are boiler numbers 3, 5 and 6. To check
boiler efficiency, it is necessary to collect data about the amount of feed water to boiler
to compare with the amount of fuel consumption to produce steam which shows that
efficiency of boiler number 3, 5 and 6 are less than 85%. Improving boiler operation and
adjusting operated pressure by using boiler number 4, 5 and 6 at the pressure of 6.5, 6.5
and 6.7 bar respectively. The efficiency of boiler number 4 is higher than number 3 16%.
From efficiency improvement, boiler number 5 and 6 have increased efficiency by 6% and
1% respectively. Resulting in fuel saving of 146 cubic meters per day and representing 2.19
million baht per year. For the recycle of waste heat from the boiler which is condensate
that is drained out from the Printing 3, Printing 4, Dry C1/C2 and Dry C3 systems to return
to be feed water to boiler. It reduces RO water usage that is added as feed water to boiler
by 18 cubic meters per day which save the cost of 0.26 million baht per year. Resulting in
water temperature in boiler increased from 60 to 87 degrees celsius, reducing heat energy
consumption 3.17 million BTU per year which can save 1.27 million baht per year. However,
to bring condensate back into feed water to boiler. It is necessary to design steam trap,
pipe size, type and thickness of insulation appropriately. This project uses steam trap as a
device to deliver condensate based on steam pressure from released steam from the
system with condensate. For pipe size design and type and thickness of the insulation,
Printing 3, Printing 4 and Dry C1/C2 systems use 1 inch pipe size, Dry C3 system uses % inch
size. For insulation that is used as Micro cover which has thickness for 1 inch in all systems.

This project invests 100,000 baht. The return on investment is 24 days.

Keywords : Efficiency, Condensate, Steam trap, Pipe size, Insulation
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2.4 auIUNUAIU5IU [3]
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n.1 A1SLEABNIUINYIDADLAULEN

USHNMUABUIALLAMIANTZUUNAR Printing 3 Uag Printing 4 agfiszuuas 5 gnuiAiiuns
sotu mudulefigaudesaouiaulanegivssanal 15 - 2 115 USinanoulAuIENIINTEUUKER
Dry C1/C2 08l 5.3 gnuiafiumsotu uas Dry C3 agil 2.66 gnuirriunsseiu mnusuledig
UaDUADULALLANYB W IADITUUDY AIUsEIM 1 - 2.5 U vhnisidensuiavie 910U 2.5
LHuAInsIEeNIUIAYe

Condensate pips size mm

800 400 350 300 250 200
100 000 e —
S —— ot ot 150
el il - - B BVt
50 000 — e e 100
S e e i e 0
20 000 T T e e et e
W ‘// // 65
10 000 50
g el 4 40 g’
= // Pt ol Pl el e b B
% 2000 // / / / / s it 25 %
=
E ; ///// g
LY T n 3
§ et — et — - %
el el i 15 @
3 500 = = — = 3
10
e
200 7 ?é//?/
50 Pl il . P il
20 /"/////
10
250 o 50
g o
5 Af %
% 2009 @ é
3 a0 8 £
FRLLE &
18 2
g160d £ &
3 4 2 3
£ 140 % g
2 e 8
@ 1204 & 2
@ 3
] o
a
100 0 @

JUN 2.5 unuginisiienvuinviensulauie [8]
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AN9199 .1 anavieNgnitluusagszuy

wsenulodedn YSunaunauau :
YUY L YUIAND (Mm)
(un9) vein (kg/v4.)
Printing 3 2 199.656 25
Printing 4 2 199.656 Vs
Dry. C1,62 2:5 213.233 25
Dry C3 2.5 106.217 20

MA5T .1 MnsidenuuInvionsulAuLaN AAINAUFIEAY8ISTUY AMSUsEUY
Printing 3 wa¥ Printing 4 Wuinfiaausu 2 U135 USunaumsulauEnviniy 199.656 Alansuse
alug mumviaﬁi%muagﬁ 25 fiadwns N1siEeNIWIAYiaABULALLATYDISEUY Dry C1/C2 Wuindl
AN 2.5 11§ USinumouamaniviniy 213.233 Alandusdedalus suiaviedildswegil 25
faduns N1518NIUIAYIBABULALLENYDITZUU Dry C3 wuifiAusy 2.5 113 USunamneuiau

@winiu 106.217 Alansusetalys vunavienldnuegn 20 Tadiuns

=1 s (-7 ’O’

n.2 A1siaannuantaun

Asun1sidenldnuialeuimuizaulunisdsrautauianlddidsmauiauLan d1usu

o = ) o = vV .7 ’OJ A ¥ > ’Oj L4
52UV Printing 3 Wag Printing 4 Aansu@enldnuanletiwuuaiu eswndudnlounyszsinnid
Y o dy P a ) = A DY aa o v o MY = o a ¢ A
Todufidesllafivuiulssandu fAeldivssuuniusiudgaunsuadlils Jainsiigadinem
AsRasUaIlTufuantaulUsEanilans oty

JuvafuantauUsslanauNlyAe TW Brand steam trap class 16K no.4 A2u6u
LANAY (DP) WinAUNaA19ANNAUITT (P;) wWazAINUAUgDUNaU (BP)
Wla  Py=15u13

BP = Audiuadng = Pgh

a

P = Arumunuunouiaulaniigamail 100 °C = 958.35 kg/m’
h = Anugwewe = 1.1 m
¢ = mANUsuilsnusltugiavedan = 9.81 m/s?
M1 BP-=0sh
=958.35x9.81x 1.1
= 10,340 Pa
= 0.10 U1$
DP =P, -BP
=15-0.10
= 1.40 U3
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USinaesnewauan fe 199.656 Alansuredalus lunisamsaeunrugiuiudnledh
Kosfinsdrsesan safety factor Insgaudnfiuuiinuaeuauaniiey esessunsldnugean
goefufnlotn 99nm15197t 0.2 A7 safety factor sesuAnleUsznnimestulauning daviafiu
1.5 vmsAaUSsnaeuauanil 299.484 Alandusiedalus fvuiadudnle 25 Sadunas

A5197 N.2 AugRRUULEVgIaanisuldvasiudnleus TW Brand steam trap class 16K no.d
[14]

DP

5 0:3:.:.0.6 1 2 3 4 5 6 8 10 12 14 16
(kg/cm?)

i3 160 °205. 250: 320 380 420 460 490 540 590° =650 660 690
20 230 295 360 460 5807 S00wm6d0m,90m, /70 840 900 960 1000
25 290 380 460 #9680 (1601820 , 880 "IENJ060 1130 1200 1260

21NAN5197 0.2 WUTALRY 140 VNS ArwRgeaniidudnleunfuldeg 511558
Alansusiodlus Usinawesnowauianiiladniisdn safety factor agfl 299.484 Alansusiodalus
wansinansaldnuiusnletille

dmsusyuu Dry C3 Aansandentdiuanlenuugnasy desnduadenvemiddsany
dufuszuu Dry C1/C2 fAansanidenldivanlenuugnasy aswnfusnleviuuuauldanunsa
%"UmmaqﬂauLmuLawuaﬁzuuﬁﬁmméfmmnm"msuaaizuuﬁlﬁ

suvasiudnlotssiaviauiilifo ARITA BFT16-4.5
o Py=1v13

a

P = mnumuutunousulEvigumgdl 100 °C = 958.35 kg/m’
h = AUgemie = 2.7 m
1M BP = Peh
= 958.35 x 9.81 XV
= 25,390 Pa
=025 13
DP =P, - BP
1025
— O

USunnuvemaumulan Ae 213.233 Alansusetalad 99nn19199 9.2 A1 safety factor U84

fuanloUssinyminesiulauniing JAvafu 2 Bn1sAnUSUIUABLAULENT 426.466 AlansumD
Tl Nvuanusantaun 25 Taduns

SHle
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DP (U154N)

Ut n.1 Anugreuauangsandisulduesiudnloth ARITA FT14-4.5 [15]
9NFUT 0.1 U gunfudnledn 25 fadiuns (1 52) fiarudu 07461 ung finrmig
geaniifudnlounfuldeguszann 630 Alanfusedalus Usunavesreunuanidoiein
safety factor aq"i?i 426.466 AlanSusiednlue uanvaunseldeususnledilly
dm3uszuu Dry €3 fnsandenlifudnleuvugnase iesniduafioavaimalsany
suvasiusnlethussnauillde ARITA FT14-4.5
We « Pi=11ns

a

P = AumunuvunouauanTigamgil 100 °C = 958.35 kg/m’
h = ANUgeWie = 3.2 m
971 BP = Pch
=95885 x 9.8] x 3.2

= 30,090 Pa
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BP =0.30 u1§
DP =P, -BP
=1-0.30
= 0.70 v1§
USinnuosnoulaulan fe 106.217 flandusedalus 99157197t 4.2 A1 safety factor Vet

€ a1 1

fuanlevUszianmeslulaudng JAvinAU 2 iN15ARUSUIMADULALLENT 212.434 Alansume
e Nvuanusntaun 20 Jaawuns
91n3U9 1.1 wudfiswaduanlewn 20 fafiuns (3 199) AAueu 0.70 U1s da1ug
lﬂl U L% 20’ % ¥ |dl ) L2 1 QIJ a 4' o = 1
geaniiudnleunsuldegnuszunn 250 Alanfuredalue USunuvesrouwaulanilioAdan

9

safety factor whitu 212.434 Alansusedalug uanainldomulé
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9.1 M3UTuURUszansnwndalaun

9.1.1 Uszansninndaloun

ms (HV = Hl)
31 e =g (2.2)
mg x F

FogrmsAunandelotminean 3
do M, = leumaTveslethiigumgf 350 °C i AU 6.5 115 = 3163.11 k/ke
H, = wumativesihtioudndeledwmdsin economizer gungd 75 °C
= 314 kJ/kg
F = ArAnufeumeademas= 1000 BTU/ = 63.70 kl/kg
me = SamsHanlothdariiusnsindeudmielethaveandesnsinisivas
A
T smsniteudn = 6 m*/u = 241.98 ke/s
#nINSIUATANINAINANTIE 0.1 = 0.0426 m>/Tu = 1.73 kg/s

€p

rﬂS (HV - HL)
e, O Llo0

me x F
(241.98 - 1.7286) x (3163.91 - 314)

x100
16,669.764 x 63.6976

64.95%

1

gnsinsiuainnuauiulaanaunisd 2.1 Ineen TDS Tuihdsudnvilalounazensa
N15lUATANNULAAIAIR1S199 2.1 eeanlinsiuUsunaledningn Fsauudlionsinisuanloun
witusns1indeutvslaloun

A151991 2.1 9rsIN1siua’iniveamtialati

vy USinasindild e DS ludhdeu an31N15lUaInIY
wsfalati (m*/9u) (ppm) (m*/7u)

3 6 24.65 0.0426

4 6 24.65 0.0426

5 30 24.65 0.2128

6 10 24.65 0.0709
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9.1.2 SIANIBLNAS

9N Saturated volume = Gas volume used x Unit conversion x Fwv (v.1)
Saturated volume x Gas heating value
Energy = (0.2)
1,000,000

le Fwv = aunlalewn (Correction for water vapor content) = 1.02
Unit conversion : 1 m® = 35.315 ft°
Gas heating value = 1000 BTU/ft?

Areg1en1sAIuIn 91nn1sUsulgslsgdniainndeleun aansldemdduls 416
anuIAnLuA Ty
Saturated volume = 416 x 35.315 x 1.02

- 14,984.86 ft°/3U
14.984.86 x 1,000

Energy =
1,000,000

= 14.985 MMBTU/3U

d' 9 1% Yy  Aa o N "y 9] 19
LHANANIUAINNTBU 1 AUUNY UINANRY 400 UM kAR DIWANIUAINUTDUNAR
14.985 d1ulily azUszndnalddnalula 5993.90 vmaetu Amdudelifiy 2,187,773.50

UM

9.2 WALUAMNSauN T Ui laUINdULALHAINISAAAILATINAS

v.2.1 nsmaamgiinleudmialetn

N P sl LSS -~ T) (2.3)
do  my, @ Swynindu @lanusiedalug)
m, Ao Swsnndeu Glanfudedilu)
C, Ao menufeuduwigiigungini Flagadedlaniuesaiuaidea)
T, Ao gumgivubu (esmiwadea)
T, Ao gumgithfeu (esmiaidea)
T fo guugiiway (esriwadea)

a2



ilethAsulaulEnINsEUY Printing 3 uay 4 gauvgil 98 asrnwaldea wag Dry C1,C2
uay C3 grungdl 95 ssAwaidea Wnasludsasunuiandiineuinuianainiigniindusian
32UV Printing 5 wag 6 aaumgilusyana 100 ssrwalded aaviineuinuianiougnasludads
wnindemuinanaunis 9.1 agegiiuszann 97.8 ssrueaidea onsunuiavgnguludaiain
ihitfiusinasiludeindhegiivssana 56 gnuiadans gamafthdeudmiafuneumuianss
asfulugeinideduaniddanauns v.1 sligumaivssun 91.5 swwadoa 9indu 1zl
9t RO aundedaini gamgideudwiislen () wildded
et mundaudsinauns 0.1 T Husd
my = §ns1nslwatih RO = 7 m¥/3u = 0.081 ke/hr
m, = Sammsivaludeimi = Usinansweuansautuiludaing

= 93 m*/9U = 1.04 kg/hr

G = ﬁ’m’nu%@uﬁi’mwwﬁqmm 1h = 4.22 kJ/kg °C
Ty = qmuqﬁﬁw RQ =728
T, = gaunpiithlufeing: (Herouauanuausuihifoglufy

=015 (@
mlelT 7 mchzT = mleTl + mchTz

- myCoy Ty +myCoy Ty

mlcpl + mszz
— (0.081 x4.22 x 28) + (1.04 x 4.22 x 91.5)

(0.081 x 4.22) + (1.04 x 4.22)
23\ 878 "C

9.2.2 AISWINEIIUANSouN 1Y lundalaun

Mew (H - hY) + (Mg - gg-)(H,, - HY)
7N Q-= T LA LA (v.4)
b

fhathensewnmnulisletmnees 4 feunsinaslasinns
de Q= ndnuenuteuildlumsuanlonh
mew = SAsTToudn = 6 m>/4u = 5857.36 ke/hr
Osp = OMIINTIUAIATIY = 41.49 kg/hr
H, = toumadveslethiigamgd 350 °C o AU 6.5 115 = 3163.11 k/ke
H, = Lauﬁﬂaﬂ"uaaﬁﬁuﬁaﬁmmﬁuuﬂalaﬁ’l 6.5 U1S = 709.70 kJ/kg
h = teusativesihdushitguugiithtleudn 60 °C = 251.20 ki/kg
e, = UsvaAvsnmueanilaloth = 0.80
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My (H - DY) + Mgy, - g XH,-H)

O =
€
_  [5857.36 x (709.70 - 251.20)] + [(5857.36 - 41.49) x (3163.11 - 709.70)]
0.80
Q = 21,105,632.70 kJ/u
= 20.01 MMBTU/3u
W andeauaudeu 1 a1uldiy f51A1a 8 400 U1 LEAII1 WEIIUAINT U
24.75 a1uiy A muJum‘lsvmaasm 8,004.20 U™

2.3 msfnnsgunsallumsthasuauanndy
2.3.1 sansgimangegegatunisldissiule
FMBYNNTATUIAIAINTZUY Printing 3
ausiulovdengn = 2.5 un$ (auysal) = 250,000 Pa
AUAUUIDDNINAUAIINALUTTEINA = 1 U1$ (Auysed) = 100,000 Pa
SNTINTTIaABULAULEN = 5 m*/hr
YUAYIBADULAULAY 25 mm = 0.025 m

8.1

g —i ISR E T
L{Laminar 0w 1= i
0,09 : wﬁ'ﬁmsm S 0 1
0,08t LaminarCnitical |35 ong ™ | Complete turbutence, rough pipes
s flow =1 zon
6,07 A ¢ 0.05
7 b1 0,04
Lt T 3immn: =50 e ————————— 1,03
y % HHH
0.05[H-HI-Y ’ 5 Tue. SERE 0,02
A el |
o X
e i e
3,04
'_’;Q 1Y ] b N 8101 g
i} L Re, nE . - 2 o]
S g / o
S o0 i i a2 ORI N 0006 £
3 X & ' i SR — 0004 2
1 it % A 7
e ;13 M._.- %)
g 0.025 it ETTTIN womted 3,002 g
= i ? ;
2 0 i -1t - 000 3
w 79, 5201003 4567 9 _ & 201073 4 5 CH 0.0008 @
10 2 7900 2010°3 N : . e o oons
€ [ 6.015 o =5y B 0,0004
Riveled steel 0003002 092 ! Gy oy 0.0002
Concrete 0001001 033 5 L 00
Wood stave G,0008-0,003 0.18-0.8 ™ o o RN
Cast iron G,00085 .25 Hinss o
Galvanized iron 0,0005 0,15 = 0.060 05
Asphaited castiron 00004 9,12 0.0t Smaoth pipes- fo..io 1 EL ;s
Commercial stoel 6r T oy 0,000 001 1L1Y
vitaught iror 000018 0048 | 0009 P + s 0.0CD 0D
Drawn tubing SO0000 o 0 s toe [ARELIEIAN T ™ 0,000 01
79 2(10%3 4 567 9062(1032 4567 ¢ ;2{10)3456? g
3
ub ;
Reynolds number Re = = |, consistent units

U 9.1 unuail Moody [16]
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2.3.1.1 A5 IADULAULEN
ol W = VA (0.5)

Wo W = 9a9ImMSivanaulaulan = 5 m>/Ju
V = AUSIADULALLAY

A = Nufimidavie = TU x 0.01252 = 4.91x10° m?

Wi = iyA
W
Vo=
A
5
01107
= 10,191 m/Au
=\ 100118 _m/s
9.3.1.2 AMUUAULSTTUAA
70 pvD (2.6)
Re=lG—=
u

do  Re = Swwausdluad
D = wuruaudnarsnigluvie = 0.025 m
P = AvwvinuvureInsuauaniignngil 100 °C = 958.35 kg/m?
H= mﬁwﬁmﬁuaqﬂaumuLawﬁqquﬁ 100 °C = 0.0002822 kg/m s
pvD

U
_  958.35x0.1180 x 0.025

Re £

0.0002822
= 10,014.14

9.3.1.3 Major losses (hg)

27 L (E) (V_Z_) (0.7)
DAL

0h L=Anugnvie = 1.1m
D = wWurugudnanaisluvie = 0.025 m
V = AUSIADULAULEN = 0.118 m/s

a5



fn f mldarnunugd Moody wieiduvieaitug = 0.039

«(3) (%)

4x0.039 x 1.1 x 0.1180°

hfs

0.025 x 2
0.0477 m?/s?

9.3.1.4 Minor losses (h.)

2
2N L (V_)
Y]

5o K = loss coefficient AnAlnauinan = 6

2
V
2
6 x 0.1180°
2
= 0.0418 m%s?
9.3.1.5 AANGIEIEn
270 Py -P, E

zZ= -
Ps g

We  z = ANugageEn
P, = ANUANYLT = 250,000 Pa
P, = AUAULLLT = 100,000 Pa

he = friction head loss NMNALNBIINAT Major loss waz minor loss Miauua

= 0.1051 m?/s?

0 = ravinuLuvesreueLEngumgdll 100 °C = 958.35 kg/m’

¢ = ANILTLesnusslduaweslan = 9.81 m/s?

P ¢
250,000 - 10,000 0.1051

958.35 x 9.81 9.81
=] 5:004m,

Z =

a6



9.3.2 A1siaenauauldeu
FMPENNITATUIAINTZUY Printing 3
do  t, = gamgiionnia = 28 °C

th = EUUNIAIUTEU = 100 °C

t, =

Equ = AMURUILTABUWIT = tk

M IINuURIveRUIY

tk = AIANLUIALIU = 1 17 = 0.025 m

R, = Anudumuinuiauuiloawudulviuesnana = 0.49 ft2 °F h/BTU

= 0.0863 m*C/W

k = AN15UNANNSDUYDIRUIU Micro cover = 0.046 W/m°C

A = NUNUTIYBMBIINAUIUL = 0.004 m?

£ = PuviniiuresreulauEniigumail 100 °C = 958,35 kg/m’

W = 9959015 MaAuAULEN = 5 m>/3U = 5.79 x 10° m¥/s

Cp = AAuToudnmgnoumaiinouaulan 100 °C = 4.22 kl/kg °C

¥

¥.3.2.1 gunYINURIAUIU

N Eqix

0.025

t

9.3.2.2 Ausaungdsrtuszuy (Qp)

27N Qr

p
L= o/

v.3.2.3 aruiaunigyidenvan (Qr)

7N Qr

ar

th ¥<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>