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PROCESS IMPROVEMENT IN RUBBER BAND INDUSTRY :
VULCANIZATION OF RUBEBER BAND TUBE IN HOT AIR TUNNEL
By Kesara Nutalaya, Silpachai Arunyanak, Vachara Meecheun,
Boonchai Trakunmahachai, Prawalwan Sitthitrai, Manus Earthayapan,
Booncherd Prasertpong, Permsuk Mata and Kannika Sthapitanonda

ABSTRACT

Thailand Institute of Scientific and Technological Research
(TISTR) designed and constructed a hot air tunnel eguipment for
vulcanizing rubber band tube using data based on the laboratory
equipment. The tunnel, 6-metre long, was equipped with chain roller
conveying system. Air passing through a heating plate was circulated
with an air blower and distributed at six outlets along the tunnel.
Rubber tubes were experimentally vulcanized at 150°C for 10 minutes
applying different conveying systems. WVulcanizing time was also
varied. The resulting rubber tube was then tested for its tensile
strength, elongation and tear strength. From the result it could be
noted that rubber tubes were well vulcanized when applying both
aluminium tube and supporting iron mesh with chain roller conveyor.
The optimum condition was at 150°C for 10 minutes. The resulting
rubber tube contained tensile and tear strength of 128-135 and 19-23
kg/cmz respectively and elongation at break of 600-700 percent. The
hot air vulcanizing system and equipment should, however, be improved
to obtain a better and consistent quality rubber band product using
appropriate technique and economic consideration.
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dma,  IATUNSY, 115] 88{103/131| - | - | 20| 21|6uol630|6301660
Tl winema
&2mD, ﬁﬂzuniq, 128{135]128} - | 21| 19} 23| - |s581|695|650| _
Ui wiema
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HWMB, AATUNTIUBTIM VD)

Ty | aufmuse- | awdeigaen
AOETR (nn . /eu.%) anzn (Youez)
(nn./tu.%)
ANTARD AaVARD AR
1381 (W)
1 2 1 2 1 2
10 135 128 19 23 695 650
12 96 ok 16 6 | 765 | 745
15 105 - 16 - 745 -
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5. WRd

h.1 mmmmame‘inuwsmammmrmmaw

a'mms'\m 4 nsm‘lm'maa..gmwu m'mﬁ"musm«mm'nm\’quuwanmmm
45-58 WAL 11-13 nn./we.2  Lielnsunsesaeduusslmintama , 'lumx::muau
Suns9IDsuRiWevaiing 62-84 us: 11-16 nn./on.2  andadindy el
MnslaiemeiinsranuiiaiRre wag s hiian TnptanazAanamimus sanen, ﬁ'«?u
nan'lameasannansdai W evafeuds msm:maa"auLuﬂu‘iﬂu‘luuﬂ%msqmom?sm
Are LI RuAT A RULT NI 75117 uae 17-22 nn. /w2, Tusasin
sunsesaeduiinn 128-135 use 19-23 nn./t.2  awdda wessRe A A
n’nmmaa*amuﬂmm umunwsm%’m ﬂm‘lﬁ‘awamo‘lﬁ’anﬂm v‘fqﬂtﬁa«nmimmv
w'unsotﬂuTawmnmmmﬂ':'m'!’au“lﬁﬁm'mu%’au uanaamiudess Temilunasdaemia
Winerslil uamIaguuuiniuda .

b2 nmamsﬁamdmmsmmuéﬂmmm'um

Tty wm. “l#maaqawamo’luqimﬁnu’lﬂm wlounda 10 uw Wil
gn,  J9ldmaselHandaud 10 ul . as1 5 uﬂmuam-mnammnmw
LI/ 10, 12 URE 15 u'm AW . msvmaaemﬁumswum'm’nawmu'uau
S ANBINAUANAT LD L dmﬁq'lﬁa 1nmsau'luﬁ’aumm’i’mﬂgunmsuaz‘lunuqﬁau%‘au LR
uamsvmaawamamauwmmzﬂuﬂa 10 um %omenuuamsmanﬂnﬂ‘lﬂﬁaulu
Yo waiAns . m:&wmamammnwmmmﬂunm 10 UM ummwé’wuwmxmw
mmﬁ‘mtmaﬂtﬂmﬁu 128-135 ua¥ 19-23 nn. /.2 amdaf, ﬁmam'mame
vBu 12 uaE 15 um. mumm'mﬂmqmmﬂa dnndnifon amq'lmmﬂwu'\ﬁamn
ﬂmﬂ1ﬂuﬂﬂwqwm'\ﬂ1mmnﬂ'Nnumn'un andavey 600-750 deihpaninialudmi
muawﬂﬂmmamﬁaq ANINT§W JIS 1701-1976 (1980 revised), NWIgN
SLS €37:1984, WWIgW MS 973: 1985 umswmmpunamuﬁqﬂamnsm (van, )
tsaqmgmwm- dusmudusee  wsenmimus el fnniamaso ol
ﬂ'auﬁ"m‘i'miﬁﬁwun‘lummsmmmizwm fp MS U8 BN, , tmzﬂ'm'lvﬁ‘ﬁnma'm
taglfaanniavesasludawianas (ynnde waseae 2531). mﬁmmqn'wﬂmﬁw“‘lﬁ
arautusiiawnansaunmifitunegniunnaat winiiaeeanna i inghy 1oy
Rsuasinge Wiy, €T, usskImialiegn ey (AL T LSRN
R LURBuILAS UL Y St ma*wﬁ‘lﬂ’ﬂmauumaqnannnmﬁ'lﬁtﬁmuuﬂm‘luﬁm usn
antiluntavnsesTasld suusadmiitonia wamwu'mmﬁauuﬂnmtﬂum;umnn'n
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[v] y %‘ 3 8 (Y] &
pinzavsssuntieeuiiniout degnpuiiinemnisauTaulildmons  39lsananflu
yweanyle.

5. dpuasisisuauus

m. 'lﬁwnaas:aammmmvasquw&quﬁau%‘aumaauwamma.,wuﬂumqi’mnq
Tnﬂ‘lﬁﬁ’ﬂmmaa#u%e'lh’suawnmswﬂaac‘luﬂ'amgunmi, uneﬁan&'awﬂ%’wm ¥
MBI 6 U. ’lﬁsmuannm’lumsmaaummq unzaisndaulnevu Jsudauus o
mwmuﬁqgﬂauw‘muuqmw%’auuas:niza'xuﬂmu%’autihqumﬁtﬂu 6 WANMBAN 9
maﬂm'\um'mmq‘imé qﬂnstﬁuﬁ'\msnﬂmﬂuqmnnm%aﬂ'lud'zsa 150-160%. iy
aHIA. M. 'lﬁvmaaqauvnaﬂw@euanmniNa'mﬂsmw‘lnﬂmime ngampil 1508,
hitasn 10 um TaevAsa U WARNEN IS TR MBYY Ry

- auﬁamwd;‘hiﬂwﬁaa gLl umunwsaommwmaaw use Lmiiaema.

- aummm'lummaa“amuﬂu un.,u.nwsaesumwmaaw Laaﬂmaﬁ'ma.

- auwaﬂwmmu'l’i’nwaammuuu Liising unsqsmsumuwmaawuau"luﬂmﬂ"wﬁa.
- aumam\.nmmfnwaa gmuau ing unwsaesum*maaummv'luﬂmaﬁ'ma.
- auwammmu“lfnwaa S gTny umu,nsesaqmmumaaummvﬂm'sﬁ"ma.

o o o
Lm.,uusmaﬂunmmmﬂmmaam 10, 12 U8Y 15 UM. naqmnuu‘lﬁ’mmaq
mmm:umamamqﬁmﬁumsauuﬁ"s A8 AIRIINEUUS IR, m‘mmmaﬁmn URZAIN
Fuuseanean.

ANHRNITIVARBINL I ﬂmammﬂamamqmmaﬂma’lﬂruumsauhﬂmn“l%’nuvla
4
azauluﬂuuazunmmwsaamwmaauvﬂﬂuugnnm. wammauuﬁ’mmmwﬁmwm
uee ﬂ'nm\"musmnﬂ'\mﬁu 128~ 135 URY 19-23 nn./ e A, unZNAInIN
. =} Q.
ﬂﬂmnmﬂ%‘aﬂw 600~ 700- é'm'su-izum'm')ﬁ‘lﬂumsauwwn'lﬂnm 10 um %
H ' 1 4 ]
150 . arWenestiMioniniann 12 e 15w venenthsqul#Imasidauss
: o ' ' o o
sunsvtnfulavzasdaeiinnasianamdouin a1 #audbu L neaE 9L AL LRI T T~
Togiluntsgaslilawnaiduguszminenissuds
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6 . 18n813571989

ynd, tnsn; adgurutn, Awd; oodwnl, sy isnisdy, e
UssieIgnef, yaide; wwy, ooge use sowewad, nssamaf. 2531
naudinjansumnssialugrimns e einees nasdnnueululdeas
nﬂilﬁkzuuau%bu&ﬁaauaﬁoiunﬁzu7unﬂsu§nuqe§hﬁaq& M. IR (5IBIM-
i 1, nisEslIame . 30-07.).

yady, s afmeuan, feudb; Wesiady, tmn; sordamand, nssanag ues
nme, t’?c'mgﬂ. 2531. ms'u%’u‘quenszu'Jun'nuﬁﬂ’luqﬂamnss;{mﬁ'ﬂﬂa4 : N3
ﬁﬂsqaqmamnssnuﬁwmq%’mm. M. : pjeme (wemain 1, Tnsanas3d
# ne 30-03).

dineMNIMISTUHAAOARIEMNT TN,  NIENIINGAEMNTTN 2532.  (319)  wmIgM
neaifgrR MmN R NdREaY.  (Ng9Lvm.)

Hofmann, W. 1967. Vulcanization and Vulcanizing Agents. pp. 51-55,
Maclaren and Sons, Ltd.: London.

" Japanese Standards Association. 1980. Japanese industrial standard
testing method for rubber band for packaging. (JIS 21701-1976,
1980 revised).

Malaysian Standard Specification. 1985. Malaysian standard
specification for rubber bands. (MS 973:1985).

Sri Lanka Standard Specification. 1984, Sri Lanka standard
specification for rubber bands. (SLS 637: 1984),
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A WIUIN

L. » ) [v) [ 1 J
Yen1IfmaesnuugUnadn Taedauisud mibaumastsunetiiay

1. HISRTUNEENELISILNATHI L ARDUMATY

1.1 moudaants ¢ Snntsedeuiiasiate iy 3.0 woam Wuim
10 UM
1.2 Weioun - vetesunidudaguinatenaeen 25.4 a. w1
¥u-, win 0-09 nn-/u-
- uptapdn1 w3198y = 1420 TPM
1.3 nMIfwm
1.3.1 MWMNIIWAMBYN :
- gunsdmassudnsma 1:60 TﬂﬂWﬂtﬁaqﬁyquns&wﬂiaUﬁuﬁﬂ
L8usnguinane 150 . uas i TdhAnibgunsdmassy
R 14 W

- fuigufnatapni s e Laafiiin 60 .
g s 1
- i¥psgnnaedunssenmarNTHIn 10 W

7774 $29BULDINTIWAMAYI = 1420 X 60 x 1 x 14 = 13.25 rpm
150 60 10

. 4 4 4 a 4 de Nd o
- 1TWpISLaRDULARDU 2.0 N./UTW (AN MUAULHB LAY
Lug LR lUNI5UEIN)



O 4o (13.25) = 2000

D = 48.05 mm
D = 2 LsinB
we L ' = R tanB
D = 2R tanB. sinB
48.05 = 2R tanB. sing
= (25.4) (tanB) (sinB)
B =~  65°
B = 90 -8
' 2
T o = 2 (90-g) = 2 (90-65) = 50°
-Ws = 1.5D = (1.5) (48.05) = 72.08 mm

TUINNTILNMBLIN D H = 72.08 mm, 8 = 50°

1.3.2 mOsiieusy -
. . Y . d
- MTdnue17 12 n Aeda19gTaed 6 m  TnuinininiaduwasTy
0.6 kg/m

: s vow 4
MNEUNIIN IR TuuE M (Fn15n 23, § ETRVE 2524)

Fu = fges .L. (Gm + IG) + IG.H
3600V 3600V

22



Tog Fu = usetunTd : kN

‘ ¥ 4 -~
fges =  SmIcANBUINRLIN = 0.5 (A5 22, 1939N9 2524)
o
an = minzeednld + unumm + n3aEma ; kN/m

= [(2) (0.6) + 1.0 + 1.5] (9.8) (1072)
KN/m = 36.26 x 107> KN/m
I = Ewwﬁhﬁ§u1mihqvudwﬂdaébiuq (52mp LHENUNIMBBN) ;
KN/hr = (.09+1.6) (9.8) (1072) (2) (60)
1987 .44x10™> kN/hr

v =  AuLIusumueY - m/s ;Eg m/sec = 0.033 m/sec
80

h

A2WPIITLVUTUTIH (WUTTSUNASS) c m = 6 m
#2995 MIAINTAINITAUOE ; m = O m

a2
i

' Fu = (0.5) (6) (36.26x107° + 1292:5&519f3 +0

(3600) (0.033)
=  0.160 kN
*.' Pv = Fu.V  (€unsh 26, 1eaane 2524)
nges
‘ o W W 4 -l < d:
Ta PV = fidetumaaniszidm ; kW
. <
Fu = uwiatumld, kN
nges = UszAnBamsin = 0.6
"o pv = 0.160x0.033 = 8.8x1073 kW = 0.012 hp

0.6 ~

e asididesesueinaddusuin 0.25 hp

2.  nssmomanuuus s inauidau

2.1 mudBms :  gampiizewiasnelugTuefiudu 150%%.
2.2 Jdeiwun
- glasfiaumuntfudiguina s 480 an. 817 6 a.

- vigaut fuazaanang Tusdausuntdusgudnans 100 . a2mE
BILEE

23



pas)

N

- fhoo

k ‘ * 5

WU : mm

- glusfsauazvadnitamindninies (nild steel) wua 1 aa.
' b 4
- glasfinauasnadafufisaunlouty (glass wool) W1 1 U3

2.3 NMIANIM :
2.3.1 mIImmeNuasusLnafiy :

J ] y < .
~ tial¥hrsnszatsgampiinaslug Tuefiduluagnaoiane - Seimualitngg
wat IsuzasenlugTusfuuuny turbulent flow

.o, Reg > 2000
W Rep = (2000) (10)2
o o
-+ Rey = VDP  (dun1M 1 a UMM 7, Giles 1983)
”m
Tay Vv = namtFameenn ; ft/sec
D = (¥uinguiinatazagTuefl ; fr = 480x3.28x10™°> £t
[ o [} . .. 3 3
= A7 MUUUTEDINMN 150°Y.; lbm/ft’ = 0.05 lbm/ft
4
Jm = dynamic viscosity 18481n7#M 150°8. ; 1bm/ft-sec
= 1.60x10-5 lbm/ft-sec

24



1nw

©
l

Lost headAD =
Lost head =

np £ =
L =

d
Y =
g

Lost head =

AB+CD

Rep,.U m/D}‘

(2000) (1.60) (107°) (10)% = 4.1 ft/sec
(480) (3.281) (107°) (0.05)

VA

Sasansivaneeainan : £t2/sec

¥y
wimidnzasglued ; £

(5.1) (1) (480x3.281x10 )% £t3/sec
4

(4.1) (M) (h80x3.281x1o“3)2<69)_= 479.2 £t3/min _
4

Lost headAB+L.ost tseadecﬂ;‘.ost head .,
£. L . v (#0311 UMW 7, Giles 1983)

————

a 2

friction factor (diagram A-1, Giles 1983)
eqguivalent length 29MBE o m
(fusirguiinatezaniads ; m

a1t Saeuluna ; m/sec

AL T4 ;m/sec2 = 9,81 m/sec2

£.

ale

v
2g

.02
7-2 m + equivalent length of 2x45° - Elbows

25



o o

Ty - equivalent length = K(\F/Zg) (i‘mﬂ'ﬁﬁ 18 ymn 7, Giles 1983)

K = 0.4 (A5 L NIPWUIN, Giles, 1983)
L = 7.2+2(0.4(28.8)2/(2) (9.81)] =41.0 m
d = 0.1 m,
v = (L79.2) (28.32) (4) = 28.8 m/sec
(10003 (0) @ (0.1
g = 9.81 m/sec2
Lost head = (.02). (41.0) . (28.8)° = 346.66 m

0.1) (2)(9.81)

."+ Lost headBc = £. L . V2
a 2g
f = .02
L = 6 m
d = odha m
v = (L.1) (.3048) = 1,25 m/sec
g = 9.81 m/sec2
", Lost head,, =  (.02) (6) (1.2.,° = o.02m
{0.48)(2){(5.87)
Total lost head = 346.66 + 0.02 = 346,68 m of air
. Power = pPgH kW (W1 74 UMW 6, Giles 1983)
1000
} = (0.05) (16.018) kg/m3
g = 9.81 m/sec2
0 = (479.2) (28.32)/(1000) (60) = 0.226 m>/sec
H

= 346.68 m

25



- Power = (0.05) (16.018) (9.81) (0.226) (346.68) = 0.62 kW
1000
= (0.62) (1.3415) = 0.83 hp

a1l ihiaangun 480 £t2/min uatuaifadtumuan 1 hp

2.3.2 msnaaInnudau

4 : .
andauifaanis = nanudaugyiduangTaed + amdaugal duanva-
. d.u Ql - ' o
89 + awdaundiaanas Lhagompiisawiagnaiiu 150° 1.

arudeugaiduanglued (q):

Teufimun 1 inch

< <
tAANLMUEIMUT 1 mm

AMIMUA :
L = 6000 = 19.7 ft
(25.4) (12)
r, = (480) = 9.45 inch ; D = 1.575 ft
.4
r, = (480+2) = 9.49 inch ; D, = 1.582 ft
(25.4 2)
r3 = 9.49 + 1 = 10.49 inch ; D3 = 1.748 ft
Ti = 150°C = 302°F ; To = 25°% = 77°F
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k mild steel = 25.5 Btu/hr-ft-Sf = Ky 5
k glass wool' = 0.04 Btu/hr-ft-°r = Ky 5
Rey = 2%10°

AR
T, = 140°% = 284°F

1

MAITNTUNIARUINEDILANENT Pitts and Sissom, 1983

v air, 302°F = 29.36x107° £t%/sec

k air, 302°F = o0.0204 Btu/hr-£t-OF
U air, 302°F = 1.598x107° 1bm/ft-sec
Pr air, 302°F = 0.686

U air, 288°F = 1.571x107° 1bm/ft-sec

] v b
tiavann 15 Inseasa g Tuefiihy forced-turbulent Flow Aukudel -
N17289 Hausen Tunsimasnrwdou’ iwatnainielug Tuefghag Tuedimly

h,D = (0.116) f1+gg)2/3}(ReD2/3 - 125)Pr1/3{ D 0.14
—— | L ¢ ; —_—
k - : UL
s
(31]17 8-11 U 8, Pitts and Sissom 1983)

N _ . - "?.14
By (1.575) = (0,116)11+;1.57SF/3 | (200000-125) (0.686) /2 | (1,5985107) (1,575)
e 19.7 ) ! =5 i
(0.020) | 197 L€1.571x107°) (19.7) |

o
I

(0.0204) (0.116) (1.186) (329%.95) (0.88) (0,704) Btu/hr—£t>-COF
(1.575)

=  3.64 Btu/hr-ft>-°p '

+“+q = RyA (Ti-T.) (§WN15 1.4 WM 1, Pitts and Sissom 1983)
= (3.64) L€M) (1.575)(19.7)] (302-284) Btu/hr
= 6386.61 Btu/hr
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unsandwdaulnaiug Tusfaunuumifingine -

LI = Lo = ','f 7 - 4 i
.+ g k1'2 X (T1 Tz) k1,2 [ 2T L N (T1 Tz) (dun1s 2.14 UMK 2, Pitts and
 Qnlry/rp) | Sissom 1983)
- T, =T, - (q)f[ln(rz/r1)]
2T L K}
= 284 - (6386.61)(1n(9.49/9.45)] °F
27 (19.7) (25.5)

284°F

0

-t .
lunsanrudaulvanuouulsuds

vy . q = kz’ X (TZ—TB) = k -

2,3

29L -
3 - 7T ] (Té T3)
{1n (rg/r)) |

+3
1]

T, - (q) [l}:b(r3/r2)]
27 L k2’3

284 - (6386.6) [1n(10.49/9.49)] °F
24 (19.7) (0.04)

154.8 °F

A 5 .
Tunsanrmdautnad s ndusnlsutaganadnsusn

q = hOA (TB—TO)
n.ho"—' q
A(T3° TO)
= (6386.61) Btu/hr—ftz—oF

() (1.748)(19.7) (154.8-77)
0.759 Btu/hr-£t>-Op
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[ - -} ] -
ﬂsQQNQUﬂQﬁugnwaaﬂaqﬂuqﬁgquﬂﬂtﬂsﬂuLnﬂUﬂﬁ h :

4 - v
112931015 vazasna mdauanazaseuougussuananuiusnsas natural
v U 4
convection WU isothermal surface M9y horizontal cylinders PENTERE |
& — & [ ﬂ'
miiufras  log N o ) log (6, .Pr) foudnslugy (3U 8-6 i 8, Pitts

and Sissom 1983)

20
4
P //
V.,
1.2
[~]
; 0.8 /[
g pal
74
0.4 //
yd
o .
L~
/
"
-0.4 T . Py 3 . P s
log (Grp Pr)
3 <
Gr, = g § (Ts' TJL (dun19 8.1 UM 8, Pitts and Sissom 1983)

.2/2
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32.2 ft/sec2

Tap g =
. _ (o)
Tg=T, = 154.8°F
T,=T, = 77°F
_ _ (o)
B _._% 1np T = (T_ +T) + 460 =575.9°R
£ 2
e B = 1 = 1.736x107> - O~!
575.9

k air, 575.9 °R 0.016 Btu/hr-ft-°F

19.07x10™°  £t2/sec
Pr air, 575.9 R = 0.7
L=D=1.748 ft

v air, 575.9 °R

I

oo Gry = (32.2)(1.736x107°) (154.8-77) (1.748)°
(19.07x10"°)2
= 6.387x10°
log (Gr, . Pr) = log (6.387x10°x0.7) = 8.65
4 . -
Mgy L3 log -(GrD-Pr) = 8.65 141 log Ny = 1.9
log NuD = 1.9
. Nu = _hL = 79.43
k
. h = (79.43)(0.016) = 0.73 Btu/hr-ft>-°F
(1.748)
. . - ' - a = v v ¥ - o, -
. A1 h uszA1 hy  anlndl agaiuasduduyng umi mundalflunns
awawle
. q, = 6386.61 Btu/hr
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ﬂaﬁuihqggyaﬂqqnﬁadq (q):

1oulfamu1 1 inch
&
N8R IMUY 1 mm

fnmn
L = 6000 = 19.7 ft
(25.4)(12)
r, = (100) = 1.97 inch; D, = 0.33 ft
(25.4)(2)
r, = (100+42) = 2.01 inch; D, = 0.34 ft
(25.4)(2)
T, o= 2.01 +1 = 3.01 inch; D = 0.50 ft
T, = 150°% = 302°F: T_=25"°C = 77°F
k mild steel = 25.5 Btu/hr-ft- °F = K 5
k Flaea wool = 0.04 Btu/hr-ft-oF = k2 3
ReD, = Vg
plll
o v = (28.8)(3.281) = 94.9 ft/sec
D =  100x3.281x107> = 0.3281 ft
9 =  0.05 lbm/fe
A =  1.60x10™2 1bm/ft-sec
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L

- ReD = (94 .49)(0.3281)(0.05) = §.7x10
(1 .60x1072)
AINNNA
T = 3% = 290 °F

1

MRS N TUNIARUINLEILANETT Pitt and Sissom 1983

-5

U air, 290 %F = 1.58x10 1bm/ft-sec

H 1] ) € 8
1a9rnn s anasannluvasiduly forced-turbulent flow AUl Ny
qun19289 Hausen lunsindmdaulvaduaananaeluvinsegi mad ey

S -7 i I 2/3 1/3 0.14
_h_;lg = (0.116) H!-f.l? (ReD - 125) Pr 19&.’]
k - ' DsL
. By = (0.0204){0.116) {1+{’o. 3f/3v§ (97000273 _125)(0.686)"/>
0.33) L197 |
" (1.598x19_“51(o.33)'"°°1h
| (1.58x10 ) (19.7)

7.56 Btu/hr-£t>-oF

g hiA (Ti-T1)

g = (7.56){(M)(0.33)(19.7)J(302~290) Btu/hr
a 1853.23 Btu/hr

=3
"

#

unsanwsau e umad s IfRe I
a1 Ty -
271 L (T,-T,)

K g = k % (T.-T. ) =k
1 2 e e e ettt
ln(rzlrl)

1,2 1.2

T = 290 - (1853.23)[1n (2.01/1.97)]1 °F
217 (19.7)(25.5)

290 °F

Tunsamwdouivanuounlowt :

a = k,  x (T,T) = k T 27L

2,3 2,3 (T=T,)

273

7
;-ln (r3/r2) -!

33



290 - (1853.23)[1n(3.01/2.01)] °F
(27 (19.,7)(0.04)
138.84 O

+3
I

]

Tunsamrwdaulvaiwatniwenluudaganadnweuan

i

qg
. . ho

h0 A (TB—Tb) ,
(1853.23) Btu/hr-£t°- ©
€7 (0.5) (19.7) (138.84~77)

W

0.9684 Btu/hr-ft> -
nivaaavﬂowunnﬁbawaaﬂuuwsquiﬂﬂ1U5yutMHUﬂw h_
LanQ1nn1s1naﬁa¢ﬂ1ﬁu§buaﬁnwaﬂaqauauﬂussﬂwn1ﬂtﬂuan&mw natural

v ¥
convection WU isothermal surface 194 horizontal cylinders ﬂeuuﬁqﬂﬂ
w - a (Y] <} ¢
AR 4689 log Nuy Al log (G, Pr) feusaslugiinmun.

_ _ 3
ar, = qwa(ig Tw)Lh
V2
_ - Q
Tap s = Ty= 138.84 °F
= Ty= 71 °F
o = 3 wT = (T4T_) + 460 = 567,92 °R
Tg 2
el B 2 1 = 1.76x10™> O~
567.92

w air, 567.92°F ~1,859x10~" ftz/sec

Pr air, 567.92 %R

0,70L6
k air, 567.92 °R = 0.01584 Btu/hr-ft-°F
L=D= 0,5 ft

(32.2)(1.76x10™>)(138.84-77)(0.5)>
(1.859x10~%)2

]
I

7

]

1.269x10
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.. log (Grp.Pr) = log (1.269x10'x0.7046) = 6.95

< . ) 4 '
ANy 8.6, U 8 1BNHNT Pitts and Sissom 1983 (i@ log(GrDQPr) =

6.95 l¥n1 log NuD = 1.48

log ﬁﬁD = 1.48

.. Nug = hL =30.20
K

. h = (30.20)0(0.01584) = 0.9567 Btu/hr-ft2- F
(0.5)

A — ) [¥3 [} 8 = 'o
7. 1 h ussen B WA IndiAeet Aalusefg it mundalElunts
Amnnld
e g, 1853.23 Btu/hr
d‘v Q‘ ) 1 (@)
mdundpanas iugumplize wisy it 150%. (q,)

i

AR :
- 5hsﬂnﬁsLﬂﬁauﬁﬁaaﬁaaﬂqlﬁhéqinaﬁ (2.0)(0.09) kg/min

0.18 kg/min

]

- AP ABUIUHITTOWBEIN = 0.50 Btu/lbm- OF
P 4 )
- sgugim Wit Wenigamgll 150%8. = min

suyAg Y :
Y - o 4 o '
- ninuRugamniinesiilavian s luzasivas 9L anaunL Fagp Tusdandouu Tyl
9y v ¥ o
SNBEENT NS LRNBUAN

.o Q = ms/AT (&Wn1S 1.15 Uwﬁ 1, Pitts and Sissom 1983)
= (0.18) (2) = 0.36 kg
= (0.36) (2.2) = 0.792 1bm
S = 0.50 Btu/lom-°F
AT = (302-77) = 225 °F
.. @ = (0.792) (0.50) (225) = 89.1 Btu
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(1B INERg TR MUARRy
awdpuLanmipen1snaely 1 hr = (89.1) (60) = 1336.5 Btu/hr
2) (2)

q3 = 1336.5 Btu/hr

dy
A YaunFaIN195 Y

]

9y + Gy +

6386.61 + 1853.23 + 1336.5 Btu/hr
9576.34 Btu/hr

(9576.34) (293) (107%) = 2.8 kW
a3 idenidemnamdaulifnga 3 ke

it

it

]

SmsHamB I
m = LR
- min = uﬁﬁ
kg = nlandu
rpm = SBUADUM
mm = NORLUAS
kN = ﬁTaﬁaﬁh
hr = #21ug
sec = Jum
kW = nladnd
hp = ®INTN
inch = 51
ft = ﬁﬂ
1bm = U1
Btu = oy
°F = | avrme sulad
°c = avALTuALNIA
°R = aqﬁwusoﬁﬁ
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