o b o\ 33 -y o TR TR

‘mqﬁnswm ﬁllii‘!ﬁﬂ'ﬂi!w& ;W HENe h’!;’s!il.':l}:‘wi ART Y Lastag

C AEAT i'RA‘f g R "[* i‘V'i) B ‘“l‘ A OTND RER0 WY
il : Ul&‘{.{l\.‘} Vsl '{) aT»Iul)

il ;
| ;
I \ £y { I |
| L
.‘fl y "oy Q e il i “‘ i
' BANIT WA |
ﬁ?’ﬁuw{w 'l“ k] J ‘W | Ve wvmi k
o lawaz tr;t;iﬂw IR f Ol | A
‘. | \ A 3 i} 1 i I “ ; j\
| R
A ‘\ ',.“‘I 1

ﬂ‘«’@g mmmmmmwmﬁmmumn??mm B s ild g CIEEERAERE ;'“lm i J“
wm*nm*ammmmrisw,..ﬂe T

&aemmm[mmmum ‘ |
ﬂu'ni’ummmmmummmum LT L RERTE

SR G e
TR 2HE6



wgAnssunsenemaudeauluvianauninisinninsulAnag

Heat transfer Behaviors in a round tube with curved V-shaped ribs

yAwed  ddnauns
8uns  wWnspa
Towns  suned

yarinusiidudumilsvasmsinmmundngas iygnimnssumansdadin
fv1irnAdanTsueTedna
AMZIAINTIUAENT
dnUumAlulagnszUNANINAUNITAANTZU
Unns@nwn 2556



Heat transfer Behaviors in a round tube with curved V-shaped ribs

CHUTIPONG SAWANGNETR
PHUKIN PUTTAGOOL
ORAN SOMPONG

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
BACHELOR OF ENGINEERING IN MECHANICAL ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2013



USeyyriinusUnsdnu 2556

a a < a
Ay imNIaNAIBMna  AnEIMINTIIAmAaRT
aaumaluladnsvaeunadinammsainnssds

dl = L) v ] n'llnl o n’: = vV w a
bIE wqmﬂ‘sium‘smamm'm-iaulu‘wanawum‘immmﬂiu'[mma
Heat transfer Behaviors in a round tube with curved V-shaped ribs

ECNE
1w giwed  @l1aung sWaUsEanda 53010377
2. W Qluvd  wvsna sviaUazda 53011264
3. wiwlewns  dunwey sWasydd 53011970

(& W fo |2
- 2139138MU3INN



a 1 o | = a & A sy w
ngAnssuMsaewmauieuluvienaufinsfindn3ulfedial

WEYANIA  adnauns 53010377
wegduns  wsna 53011264
g Towns  auwey 53011970
wel, Siwvs  Auna 9191387UTNwN

¢ P cal et '
SA.AT. NN WSNUIA 8191587USNW53U
Un1sAnw 2556

UNANYD

pweniilunisfinsmgAnssuvesnisudsuwasuasnisdromaru¥euuasd
Usvneuidsamutemienaudiinisinmlasiaiuldsiiilaedaoniadiluluvienay e
onelvarhulassiianasuldniueeitiAsnsivauuutiutiu faduamaiviiliiAnns
Wasuuwlatwesnisaremarudoulpsas vanisvaasslutisanansdluas (Reynold
number: Re) #1s 9 fia Favsewinsiansdluas 5,300 T 24,000 Tngernafignaieduas
Ivakuieuastinnaesiisiianngnisliadndanufounsiiifivestiimeass uazansly
vierusznaudelassaiuldsiiasufummdnusns 3 yude 90°, 60° uazas Faluusaza
Wiysnzaziiniswenyusznindruldavesniulu 2 yu Aeyu 120° uaz90° fun15119
srueieTenieeiulAeal Ao PR = 0.5 wazl mmsudennisiva BR= 0.1 uaz0.2 991nN13
naasIzuansa1lusUvaLarial@an (Nusselt number: Nu) wazsiusgnauldeaniu
(Friction factor: f) 91nn15AadelasaaT Ul NS IdyuUeny 45° agsinliian
wadaviinniianda 2.95 wih wagvhAdusynaudeaniugeaere 10.93 wh dmiudau
TAsuasATu 120°, BR = 0.2 waz PR = 0.5 Alausdluariviniy 5,364



Heat transfer Behaviors in a round tube with curved V-shaped ribs

Chutipong Sawangnetr 53010377
Phukin Puttagool 53011264
Oran Sompong 53011970
Assis.Prof.Thitipat Limkul Advisor
Assoc.Prof.Dr.Pongjet Promvonge  Co.Advisor
Year 2556

ABSTRACT

The purpose of this project is to study on heat transfer and friction loss
characteristics in the round tube are investigated by curve v-shaped ribs. Air flow
passing thought the test section by blower to create vortex flow. This cause of
influence to enhancement heat transfer rate. In the experimental .Taken the Reynold
number between 5,300 to 24,000 and under the uniform wall heat flex condition. The
curve v-shaped ribs tested into 3 difference attack angle 90°, 60° and 45° and in each
attack angle separate curve angle into 2 angle is 120° and 90° and in each type used
length between two curve v-shaped call pitch ratio PR = 0.5 and 1 and height of impact
surface call block ratio BR = 0.1 and 0.2 .The experimental result are displayed in terms
of Nusselt number and friction factor as a function of Reynold number. Form the
values of Nusselt number and friction factor both increasing with curve v-shaped ribs
turbulator. The use of attack angle 45° leads to highest Nusselt number 2.95 time and
friction factor 10.93 time for curve angle 120°, BR = 0.2 and PR = 0.5 at Reynold number
5,364.
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Feanguifu R Y (3.11)
. dr dx

a W ' du
"ﬂ"lﬂﬂ{]ﬂ?quwﬁﬂﬂaﬁumﬂu LIMNITUIT T, =},LE

oy 3.11 9ui9u 4 ool | AP (3.12)
rdel dr dx

WS89 %E guliifiuiy r aedulsiaunseduingm 3.12 16

2
r9“-=l(§-ﬂjr—+c] (3.13)
dr pl\dx )2
2
way u(r):l[@]i-+cllnr+c2 (3.14)
pldx ) 4

A | /1 v
ynReuleiveu Wi u(,)=0 uaz du/ar__ =0 asld

u(f)= —ﬁ(%)rg‘[l -(riﬂ (3.15)



14

v O @ o [ a d v owo@ & o
falugunswesausdmiumsivauuususuuTuduaun asuwisluan
ot L2 l:J a’ 2/
wazdanaleinnisiuasullannnueiu % souluauiane
o ed & 7 1 < a v v
naanwsinaundenaldmmausadeld (u, ) leauuaunis 3.15 Tu 3.9 Ui
duiinsm azlel

2
Y. (3.16)
8p dx

wiuauns 3.16 Tu 3.15 szldzusevesnnusiuiu

v _, 1_(LJ— (3.17)

W3 U, @EIeninaInn1sisasinsiviaresia duaunis 3.16 aunsa
lgnunsifisureasmmuaula g&

3.2.4 mswWdsunlasanusunasiausznauidsaniulunisiuawuuysudadud
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Parameter Results
Case
Study a B BR PR NNy, £/, TEF
1 02 0.5 2.76 12.97 1.18
2 120° 1 2.56 10.75 1.17
3 0.1 0.5 2.34 8.05 1.16
. ol 1 2.05 5.70 1.15
5 0.2 0.5 2.65 11.81 1.16
6 90° 1 2.51 10.28 1.16
7 0.1 0.5 2.25 7.33 1.15
8 1 1.91 4.74 1.14
9 0.2 0.5 2.85 11.60 1.26
10 120° 1 2.64 9.49 1.25
11 0.1 0.5 2.43 7.55 1.24
12 Q0° 1 217 577 121
13 02 05 2.75 10.84 1.24
14 90° 1 257 9.13 1.23
15 0.1 0.5 2.34 7.00 1.23
16 1 2.10 5.52 1.19
17 0.2 0.5 2.95 10.93 1.33
18 120° 1 2.79 8.22 1.38
19 0.1 05 2.60 6.35 1.40
20 5 1 236 453 1.43
21 0.2 0.5 2.84 9.97 1.32
22 90° 1 272 7.76 1.37
23 0.1 0.5 2.47 5.88 1.37
21 1 2.26 4.14 1.41
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i p s 1 x10 v k x10° | ax10° .
K | keg/m*) | (kgK) | (Ns/m?) | (m*/s) | W/mK) (m” /s)

100 | 3.25562 | 1.032 o R 2.0 9.34 2.54 0.786
150 | 2.3364 1.012 103.4 4.426 138 5.84 0.758
200 | 1.7458 1.007 142 5 1.59 18.1 10.3 0.737
250 | 1.3947 1.006 159.6 11.44 22.3 22.5 0.707
300 | 1.1614 1.007 184.6 15.89 26.3 22.5 0.707
350 0.990 1.009 208.2 20.92 30.0 299 0.700
400 | 0.8711 1.014 230.1 26.41 33.8 38.3 0.690
450 | 0.7740 1.021 250.7 32.39 375 47.2 0.686
500 | 0.6964 1.030 270.1 38.79 40.7 §6.7 0.684
550 | 0.6329 1.040 288.4 45.57 43.9 66.7 0.683
600 | 0.5804 1.051 305.8 52.69 46.9 76.9 0.685
650 | 0.5356 1.063 B2 60.21 a9.7 87.3 0.690
700 | 0.4975 1.075 338.8 68.10 524 98.0 0.695
750 | 0.4643 1.087 354.6 716.37 54.9 109 0.702
800 | 0.4354 1.099 369.8 84.93 57.3 120 0.709
850 | 0.4097 1.110 384.3 93.80 59.6 131 0.716
900 | 0.2868 121 398.1 102.9 62.0 143 0.720
950 | 0.3666 1.131 4113 2p 64.3 55 0.723
1000 | 0.3482 1.141 424.4 121.9 67.7 168 0.726
1100 | 0.3166 1.159 449.0 141.8 71.5 195 0.728
1200 | 0.2902 1175 473.0 162.9 76.3 224 0.728
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31117‘1 A-2 Differential Pressure Switches-Digital

g‘dﬁ A-3 Differential Pressure Switches analog



59

gﬂﬁ a-4 Differential Pressure monitor

gﬂﬁ A-5 Gage/Switches-Digital Manometers

31Jﬁ A-6 Digital Manometers
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gﬂﬁ A-7 Fluid Filled Manometers
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fanmuwiueluniag : £0.5% F.S., 60 to T8°F (15.6 to 25.6°C) ; +1.5% F.S. from 32 to
60°F and 78 to 104°F (0 to 15.6°C and 25.6 to 40°C).

Apueanaadeulunisia: £0.1% of full scale.

Tragamnifiald: 0 to 140°F (-17.8 to 60°C).

ANNATRNLITE: 0.42" (10.6 mm) 4-dligit LCD.

wunmess: 9 V alkaline battery, installed non-functional, user replaceable.

1min: 10.8 oz. (306 g).

deadsulunisin: Two barbed connections for use with 1/8" (3.18 mm) or 3/16" (4.76
mm) |.D. tubing. Two compression fittings for use with 1/8" (3.18 mm) 1.D. x 1/4" (6.35
mm) O.D. tubing for 475-7-FM & 475-8-FM only.





