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Development of a testing bench for small wind turbines

gt JUINYS sWs 51380811
g LW e 51380934
RUEE Y LAY e 51383690

UyayiiwusiiBudanmisvasnisiinemdngnsUsanridnssumansvuda
A19713Y1IAINTIUATOING NATYIIAINTIULATING
AMSIAINTIUAIENT UNIINBNATULIAT

Un1sfinwn 2554




Tuiusestsygntinug

dawadelasasu | Wauganaaeuisiuausnalan

gantiulassau Jueiuds  quines walidn 51380811
wwghe el Walan 51380934
wedianl  wuey FWalidn 51383690

#Wnwilaseny  : esaden T9Rug

#1139 : nTsuATeIna

AR : 3mnIane3sina

Unadne : 2554

- = ar wag Lo = ¢ o A -
AuinInTsuAand aninerdeusans eulaliusggrtinusavuinludiunilaves

o =y LY ] - g A
m'iﬁn'cnmwanqmqmnﬁumamwnmm AT IIAINTINLATING

nusnwlaseau

7}/"’”3/ ASSUMS

(3A.a5.0mi anuadued)

A

......................... 7 ?,......................ﬂ‘a'?!Jﬂ'ﬁ

(@5.070) YM5WHA)



Fevadelassau : paWauganadauiaiuaNT LN
gAntulasss rwelude uines saiida 51380811
wwaRa  uned Walidn 51380934
wwditanl e sWalidn 51383690
fdnulasesu : ps.AGw TIRUG
191797 : JINTRNATEINA
nA1AYn  AmnTRNATeNa
Vnsfinwn : 2554
unAnta

-:’dv v o = L) -
IﬂsqmuummqtlssmﬂLwaaanuuuuasﬂ%’wq‘imﬁﬂuuwwﬂ Ussanmmiuung d
[y - e - A 1
Bughndausiingraidy Alivumdnujiianu 0.5 mx1.15 mx0.5 m lagwismanadeu

aoniliy 4 svuiu meludiufifay

HANSNAAIUGLUIA m{i’ﬁ’ﬂauqmawnsiu Turin 2 vuiauemes 1/3 wsai Wudu

e wui ﬂ'[mﬂaua'm'ﬁnﬁ'm'numm 5 m/s lavsinegi 0. 016 viimmuindugliaday
gindarih dnvasnisinadusuuiiutou Re=1536x10°  flszuiunadeu A ¥1een
FrumidauUiaen 0075 m Ideruniaegludie 0-571 m/s suunedeY B WwN
gt AoRn 0.0 m Idrudaegluta 0-5.66 m/s sunuvarey C endumii
dofiiey 0.7 m dasuiieddadlu 05,57 m/s uazssuruvagau D vinndmingiu
Ut 1 m Iemnunsregludae 0-5.73 m/s spunuivnzainisiindedusumadeu fe
sun C waslidinnsssuinesartanreuiiaien viliilaueainauevaanisiva

WMANTTEUIUAN



Project Title : Development of testing bench for small wind turbine
Name : MrWanchai Oonphet ID. 51380811

: Mr.Supit Pangsee ID. 51380934

: Mr.Siriwat  Saodan ID. 51383690
Project advisor : Dr.Salisa Veerapun
Major : Mechanical Engineering
Department : Mechanical Engineering
Academic year : 2011

Abstract

The objective of this project is to design and construct wind tunnel Kind of
pressure. The suction-type wind tunnel with the size of the 0.5 m x 1.15 m x 0.5 mand
the experiment is divided into 4 plane test Section.

The wind tunnel tests showed with Blower rotor 24" and motor 1/3horsepower.
The wind tunnel can be made up to 5 m/s 0.016 Mach number, keeping in mind that
the low-speed wind tunnel. The flow is turbulent at Re= 1.536x10° A from the plane of
the front test Section is 0.075 m speed in the range of 0-5.71 m/s ,B test plane 0.4 m
away from the front test section of the speeds in the range of 0-5.66 m/s ,C test plane
0.7 m away from the front test section of the speeds in the range of 0-5.57 m/s. and D
test plane 1 m away from the front test section of the speeds in the range of 0-5.73 m/s.
Plane is the plane of the specimen is C, because the distribution of wind speed is

relatively low. It has the consistency of the flow than other planes.
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2.1.2 nslwauuuguidldussnisivewuguialild

mslvafilidiifwanisasuwiasmamuniuresslva ssdendy mslvauuy
guialdl (incompressible flow) dmiunsivadiinanisuAsunlaseaimuivresvedva
awdonih nslmauuuguiald (compressible  flow) mnfinrsamedlvagnansouseenidu
seamarnazuiia flaevluudanslvavesveavarsziesunlursdvawuuguinbils uas
msavswiagrRvrsuiduraslmawuuguild tumwjuddmiunsivavesveavaddu
nginezfumsivanvuguidlilévedy wiluunannsvesesmm wy Walwsdlugeamad
uaznInssunndweni (water hammering) tusavasanmguiilavesvaamaniinasionts
na dwsunfadivuiy lnsdiulugasfinnsuinisivavefadunisivawuugudala
Audsursnsnslvevewfmidinidasniadownng luiliifmunde Ma < 03 s
wurrumuiueaRaifng 2% wssAAravuIniulads danfumslwavesufiaisl
Ma < 0.3 vuszRinrsundunslvauvuguaalild

2.1.3 (9uiln

anweuinldlunisivavessesinassgimuaduiania (Mach number, Ma) \ailn
Ao Samdauvesinauiaresnisivawz (ocal flow) dednsniaudes aumisadeu

ver o
aumslanal

Ma = v (2.1)

C
- W Y o ') v 1w o
Foanmslvasuugudiald aamnivanisiva (v) 219nImieganidaTuTndes
PP ' - v A a
() dmslvaitil Ma < 1 wudndiunisivafirnuidalides (subsonic flow) uasiimsluaiidl

. - =5 ]
Ma > 1 wuindiunsivainanundanilaidss (supersonic fiow)

2.2 vaddndvsivaslua
« . . - el = o Y} - |
LafERs (Kinematics) Wukiusininaamanifissuisineinunisinfiourivnaansing

Vo ot o o W | | o " a1 - -
lifildawsnssirsuiluanunveamsiniioud Tuntagnantidineedisnisesuisnis

> o - | M| o & v -l o 1l
AAsuRvetvedlna n1sadursnisindsunluniivsenaunis arslagudIunug

. . ' . E o Y
(Displacement) A21L57 (Velocity) uasA131134 (Acceleration) n1swrdeunvesneinalin
- | - o oMW P
Ganiamslva Flow) nsesuienislvalasniswdsuanimusinisivaaunsnvilanaieisnis
wu nslvadivwuusuGeuvdewuutiudau (Laminar or Turbulent Flow) msivaifuuuuns
Fvsliinwi (Steady or Unsteady Flow) msivauvuaitasenisliminane (Uniform or

Non-uniform Flow) tusiu



2.2.1 pdlwanuusruiBsusaznisivauuutiutau (Laminar and Turbulent Flow)
9IMIVAaEITad Osborne Reynolds 1ud a.¢. 1883 Tnuilalwminlvariuvioudala
d Y 1 J o A [ ] v
wdadthluifeliueaiuanmnsivaluvieuss Wied@andilviinasinariruvieudniosq
o & 1r ) ol v -
(Swsnsinadiig uazmnndveanisivation) duderiidnvanthudunsmasnviedlain
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aslvalugiausng MdudiidnuusduduasniudoniinisivanuusiuFsu (Laminar
a -4 a P - & o 1
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o I o o ¥ ' w o al
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Number Ay

Vg X VooX
Re, = 220X _ YoX (2.2)
M v
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Wi Re, fid Reynolds Number mqqﬂvaaqmqmnnu'uaa'lwatfluisusmq X, V53
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al o v
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p Ao muwiutivuesvesiva, ke/m>
a a P 2
p Ao anuvilalaundind, N.s/m
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Ao Auviinww@ed, m2/s
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Fuitueh Reynolds Number
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| b= o 1 1 AL
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2.2.2 M3lvanuvasiuaznisinauuusigie (Steady And Uniform Flow)
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2.3 gluedauAdaen
2.3.1 WIIATIATNAY

ghisdaunimausaualfidy 2 wlvgjq Ae
2.3.1.10sstmmuiuUnd qlusfauyssaniieslfenafiimuduriiy
AuduusTenARaiidlaenlifinaugavSehemeriuiaguaaey
23.1.2 Vssiavarudge glwdanussanilaglfonafiiimudugeniin

suusssmahialaenslddaudaamaiandrinlanreae

2.3.2 whmudasudrvessuildaglusdanusavinlg

2.3.2.1 glwsdausiin V/STOL Whigldauniinfiasilasiidaunmmansa (Test
section) vunalnafiiinsiadnnnidistiinisnaaswaiosduilaninadouiituuas
wndeuitaslunuaii wazedesiuitannsondouiituuasadiussoenaiidy (Vertical/short
Takeoff and Landing) dnsni1vetanluduminaass (Test section) Snazdldnauipdaus
0.026 &4 0.13

2322 glusAanwiadnsnin Wugluadiiannsnaiedasndvesaney
TugrAaviialiiiu 0.39

23.2.3 gludautiln transonic 1 uglusdauiiannsoairesdsndavesanlu
dwniwnans (Test section) WilAnawinagludia 0.7 f3 1.4 drunvnasd (Test section)
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2.3.2.4 gldausiln supersonic iuglusdauiiannsnasadnsndvesanly
daun1ivaasa (Test section) WiliAwianinegludis 1.0 fia 5

2.3.2.5 qlndauniia hypersonic \iugludanilannsoadidnsuiwesanly
daun1mnaes (Test section) WiiAdnauineglugas 5 f 15 Taslusswinmsserenisived
whlfsmdouiiniu fnfusuiufessinstiesfuniswaenasaefiintuiugunsoife

2.3.2.6 qFanwia nonaeronautical  1Buglusdanfigneeniuutievinig
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nnakazgUeRLey Wy glidaudmiunugnienine (meteorological wind tunnet) #il
ghumsnaassaiiu 10 G 15 wh vesrnngevesdumsvnass [Wudiu

2.3.2.7 glasdauyiin hypervelocity (Buglusdauflamunsaaiedngniuas
guvgiivesanginiimuannsavesglnaanyiin hypersonic dasnirvesauludiunis

. o [ v [ o Y at
vnaaa (Test section) Hiannsnainlavzagludisinavinen 1 e 25
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2.5.2 daudfjuReu (Test Section)
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2.5.4 344 (Honey-comb)
v I A o Syy w Vv o ‘ a v XS o wdeay
dwfetisingiadilinhdmemawsddmivglindassiingn drudilsiiasrimiiily
1 o arm ol o o < o ol -
anmauneudrdmiiaudianmisinausuazswGeuilas fdnvaztudvasn wislsnax
WusinTEaNLUY

a

(n) (V)
57l 2.15 dinwaizuesiaita (Honeycomb) (n) 2anau (1) Aimden
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3.4 miensiuuudiaesissadouifiWludietiuud
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gavageuiussnauaie Wlvinseiaransianlulususnsy Solid Works Flow
Simulation
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wa Y | o o}
3.4.1.1 auanivesTageineg vesvuhasaiulunailumsd 3.1
4 Aty L1 L) o
151N 3.1 uﬂﬂﬂﬁmﬂuumﬂmﬁﬂﬂm\‘l‘] qu:'UUQ']ﬁBQ

:J'ﬁf'] Thermal conductivity | Specific heat Mass der;sity
(W/m*K) ()/kg*K) (kg/m’)
Zinc AcA3A 104.7 418.7 6,600
Plastics 0.151 2090 1,020

#1 : Dewitt Bergmann Lavine (2007}
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T=308.15 K
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- TRt (m/s) v V |V |
ML 2 aals 6|18 e | '(:;:)_ (::l,:)_ >
A 6.13 [ 6.10 | 6.13 | 6.11 | 6.06 | 6.11 | 6.14 | 6.11 | 6.14 | 6.11 | 6.14 | 6.06 | 0.03
B 630 1618 {6311630|609|627|634| 618 {634 626 | 634 | 609 | 0.07
C 635 [ 6.23 (6326266111623 |636| 623 {635] 627 | 636 | 6.14 | 0.08
D 638 | 625 1635|628 )611)6.26|639)| 6.26 | 638/ 640 | 639 | 6.11 | 0.09
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3.6.2 duufjuRau (Test Section)
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4.1.4 nan1svagaunisuiuaudrsovveaweaulauld Dimmer control

al = < Aly o o [ =y L.
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o L Y ol
Dimmer AT I AN (m/s)

control | 1 | 2 | 3| a| 5|67 )89 ]|10]11]12]nie

1 0.53 | 0.63 | 0.63 056|036 053|066 |033] 0.7 | 0.73}0.53|0.36| 0.54

2 16 | 19| 1719171191813 11919} 18] 08 168

3 33 1383377 | 4.0 [353}4.13(4.13|3.20|3.93|3.77 (383323 3.72

4 4 | 45| 42 |447|393 4731467 (423(493| 5 487447 45
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5.1 n‘nm’nﬂﬁmnmwnﬂw
o
#1519 5.1 Naﬂ'nuﬁ'aamnnisu'mmaau A

PaITmIWMI (m/s) v v ]
Dirnmer Y A
max | min
Control | 1 2 3 4 5 6 7 8 9 |[(m/s) SD
(m/s) | (m/s)
1 1.47 12082081147 (208 |1861{208{186|208] 190 | 208 | 147 | 0.26
2 2711279 |1237|25512791237 12281294 271|261 ] 294 | 228 |0.23
3 4661451 |4.06(4.66)4.66]4.16]4.66|4.66 427 448 | 4.66 | 4.06 | 0.25
q 551 570|479 |551 {578 (510|539 580|518 | 543 | 5.89 | 4.79 | 0.35
5 563 (596|518 | 570 6.07 | 5.23 | 5.51 { 6.07 | 5.10 | 5.61 | 6.07 | 5.10 | 0.38
6 5701589 | 563|563 |600|563|5511589|551]| 571 [ 600 | 551 |0.18
P &
ASNA 5.2 HAAMUTIANINTZUNLYAADY B
A is UM (m/s) v | v |,
Dimmer v ) a1l
Controt { 1 Z 3 4 5 6 7 8 9 max ;| min SD
ontro m/
M () | ()
1 2081208 |186|186)186|2.08|208|208|208| 201 | 208 { 1.86 | 0.11
2 294 125512551279 1271(1208 (29412941228 264 | 294 | 208 | 0.31
3 442 | 4161456 | 442 |1 4.42 | 4.27 | 451 1427|416 | 4.35 | 456 | 4.16 | 0.15
q 531 (531543531 |53115311539|531}1531] 533 {543 | 531 [0.05
5 559 | 551 563]551 551551551551 (551|553 ]| 5631 551 (005
6 559|551 (5891551559581 5701581 (551 566 | 589 | 551 |0.15
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A L] 1
AU SIFIMYL (m/s)

Dimmer
Control 1 2 3 q 5 6 7 8 9

max | min

(m/s) (m/s) | (m/s)

M
sD

208186 (186[208)186]|186|1.86|208|208

1.96 | 208 | 1.86

0.12

2371233228 |228|255(255|237(255]255

243 | 255 | 2.28

0.12

442 (45614421433 |456|4.424424.56 | 447

446 | 4.56 | 4.33

0.08

5185511539 153115431551(523]531 /531

535 | 551 | 5.18

0.11

5391563 | 559551559 |551]539|563]|5.51

553 | 5.63 | 539

0.09

RN | PBPIW[IN| -

5.63 559|551 (551 |559}563]|543 (559563

557 | 563 | 543

0.07

al |
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A ] 1
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Control | 1 2 3 q 5 6 1 8 9

max | min

S e [ avs)

A
SD

1.86 12081186 }186}1.86(208|186|2081208

1.96 { 208 | 1.86

0.11

271|294 |255(255|279271|237 279|271

268 | 294 | 237

0.17

4.56 | 4.56 | 4.32 | 4.56 | 4.56 | 4.42 1 4.42 | 4.66 | 4.51

451 | 4.66 | 4.32

0.10

543|563 523|543 570|543 }5.31]5.78 | 5.51

549 ) 578 | 5.23

0.18

5631589539559 ]578]559 5511600543

565 | 6.00 | 539

0.21

SR W N

570|578 570|559 | 581 | 5701581581563

573 | 581 j 559

0.08

/)

A (m

A 3 ¢ )
FrUWREDY

ot or SEAU 3

e Dinmer SEU 4
. o

i S0 5

= Ditner 330U 6

- L N ] = 1
FUN 5.1 NS MUARIAT AN HUDIEWI AT ITBIURB ST EUUNAdDY




a4

a | I . o - [T F o <
93U 5.1 wudWisedu Dimmer Control (RsafueslfrmmmGflndifeety 7
. Y ' P o &
Dimmer Control 5¥fu 3 lAn1M529gluYae 3-5 my/s uaedl Dimmer Control szau 4 Auly
Tammnsuiu 5 m/s

0.4 — -

0.35
= 0.3 —— s A
<
ﬁ‘ 0.25 ==
&
g N2 N LTI T
-.5 0.15 —m T [
R
a ol
B\

0.05

0 = —y = — O\ |
3 1 5 [
s290 Diiner Control

= 1 o
U 5.2 nymuaasandmdoauunngiu

1INFUA 5.2 wudwiszuunaasy A Trrduifeavunnnsguagluga 0.18-0.38
ssuwilirinsnszareiavesdimuninunn mswdussuuilagniifil Aseuumadey
8 fimduidoavennsguegluga 0.05-0.15 Miszutuvagsu C fidduidsavunasgiueg
%4 0.07-0.12 suitudrssuuiiasiinnssoedavesmmuiiaudouiieios Sailimswh
fimwahiauovesnistvaiiun fissuiuvadou D ddnudsauunnigiusgluti 0.08-
0.21 dwiudaaguld Audazssurvmaaeuiinouiiisiasiidosnisie 3-5 m/s lummagey
Rauaumsasld Dimmer Control seduil 3 Fuly Walldmdanegludiiifeans uas
mswlissuunnaey C WusssindBunmaaey nnslussasitdnsnsvaisdvesdn

v o ot ol 8 <
mmdrauiosiga Jeflmaminanevesnslvauniige



45

5.2 Weuiiisuranimaessiunisieseifassdouidivludiefiuud

aswisuifisunamanaasiumsirseimesedeudt iludiofiuug 919 Dimmer
Control Sty 5 afinnuiantiiaay 4.94 m/s Fuduaudilndifsstumnmiiseamslu
mavaaed WusmnwSsuisuiunamyinsimesaitouisinludedumd

< = v a f = ‘¢ w
A5 5.5 mansiBsuiisumiieseimesedouisivludiefuuiiunansnaas
|
fissuuvnasu A

: AT (m/s) v Vv :
da v . m
Wiewwlsu | 1} 2 | 3 [ a4 | 5| 6| 7T | 8| 9 |(me) max | MR e
1 (m/s) | (m/s)
Hans
neane 5631596518 |570]607|5.23|551|607]{510]| 561 | 6.07 | 5.10 | 0.38

wuushane | 6.13 | 61 | 613|610 606|611 [6.12|6.10 | 6.14 | 6.11 | 6.14 | 6.06 | 0.02

P Py 3 F]
YINMNIT190 5.5 ﬁlﬂﬂilﬁumﬂ'ﬂuﬂﬁﬂﬂlﬂaﬂu = 8.18%

o ol o 'y P - ‘o
M3 5.6 Nﬁﬂ'ﬁl‘LFi.ﬂUl'ﬂUUﬂ"l'i’}llﬂ'i'l%.-"Vlﬂ'JUiﬁlUUUq.ﬁ‘lYnuﬂlﬂﬂmumﬂUNﬁﬂ']‘mﬂaEN
=
yIssuunagau 8

- PRI (m/s) v v .
Gh v i a1
Wisuwiou | 1 2 3 4 5 6 7 8 9 | (m/s) max | min sD
S vs) | (mvs)
HaNIS
MAaBq 559|551 }563!551]|551}551]|551]551|551] 553 | 5.63 551 | 0.05

wuusnaed | 634 1 6.18 | 6.31 | 6.30 | 6.09 | 6.27 | 6.30 | 6.18 | 6.34 | 625 | 6.34 | 6.09 | 0.09

P = ¢ |
ANATTNV 5.6 utﬂﬂ’?tﬁumm’luﬂmmﬂaw =11.52%

| ot o ¢ v =l o ¢ = ’ ar
5197 5.7 nanslsuiiisunsiiassimssatsuisivludieduniunanisvaass
o
fiszununaasy C

. auSaduva (mys) _ Y Vv .
da vV . a1

u max | min
Wisuiiou | 1 2 3 q 5 6 7 8 9 | (m/s) SD
(m/s) | (m/s)

HENT
Yinaed

539 (563559551 (559|551 5395631551 | 553 ] 563 | 539 | 0.09

wuudaes | 6.35 [ 6.23 1632 6.26 | 6.11 | 6.23 | 636 | 6.23 | 6.35] 6.27 | 6.36 | 6.11 | 0.08

o « o
AU 5.7 efidunainurainndon =11.80%
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- ARSI (mV/s) Vv Y .
G v . M
wiwwdou | 1 | 2 | 3 [ a |5 |6 |78 9 {@va| ol ]| sD
> (m/s) | (m/s)
wan1s
. 56315891539 (559157815591551[600]1543] 565 | 600 | 539 | 0.21

uuudaee | 6.38 | 6.25 [ 635 6.28 | 6.11 | 6.26 | 6.39 | 6.26 | 6.38 | 6.30 | 6.39 | 6.11 | 0.09

SR 5.8 fieidudanunaimadeow =11.32%
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5.57 wms/Awi #1 SD aglut 0.07-0.11
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o ¥ | 1l
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w P
AsIaamTninaugai (m/s)

Al
1 2 3 q 5 6 7 8 9 10 11 12
1 04 | 06 0.4 04 § 01 04 | 051 01 |06 06 04 0.3
2 06 | 08 0.8 0.7 | 07 0.7 08 | 06 |08 ] 0.8 0.7 0.5
3 0.6 05 | 0.7 0.6 0.3 0.5 0.7 03 107 08 0.5 0.3
Lﬂgﬂ 0531063 }063|056| 036 |053]|066]033;07]|073]053] 036
Dimmer Control s¥éuil 2
54 arndranmwaangaft (m/s)
AsIn
1 2 13| 4] 5 6 | 7 { 8 o [ 10| 11 ] 12
1 1.7 23 1 20| 20 ) 1.9 1.9 1.9 21 21123 19
2 1.6 19 1 1.7 |19} 1.7 19 1 18 13 19 11918 | 08
3 16|20 (2021|1618 f20]|15) 18 ]|20]19] 17
mé'a 1.63 | 206 | 1.90 | 200 153 | 1.87 | 1.90| 1.57 | 1.93 | 200|200 | 1.47
Dimmer Control s2dufl 3
¢ A mumihaaugeil (m/s)
ATf
1 2 3 q 5 6 7 8 g 10 11 12
1 301 39 35 137 | 31 4.1 40 | 29 36 34 35 29
2 371 39 40 | 43 | 40 | 44 4.5 3.7 45 | 46 | 4.6 37
3 32137 138 | 40 (| 35| 39| 39|30 ) 37! 33 {34} 31
Lﬂgﬂ 330|383 377400 | 353 |4.13|413)320|3.93 377|383 ]323
Dimmer Control sesufl 4
¢ . Adraumtivinanugafl (m/s)
AT
1 2 3 4 5 6 7 8 9 10 11 12
1 44 | 49 | 43 | 4.7 4.0 5.0 51 4.4 52 | 53| 50 4.7
2 37 144 | 41} 4.2 39 4.5 4.4 4.0 47 | 49 | 47 | 4.0
3 39 421 42| 45 3.9 4.7 4.5 4.3 49 | 48 | 4.9 4.7
oy [ 4.00| 450 | 420 447 | 393 | 473 | 67 | 4.23 [ 493 | 5.00] a87 | 447
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¢ 4 amdammhaangadl (m/s)
AN
1 2 3 4 5 6 7 8 9 10 11 12
1 46 | 53 | 48 (46 | 45 (53| 55 (48 | 57 | 54 | 55 | 45
2 41| 48 | 46 {45 | 46 |51 | 53 |47 |51 | 53 | 52 | 46
3 45 | 51 48 |47 |47 | 52| 52 (49 ] 54 51 53 | 48
\ndy | 4.40 | 5.07 | 4.73 | 4.60 | 4.60|5.20| 533 | 4.80|5.40 | 5.27 533 | 4.63
Dimmer Control 55Ul 6
. arunaumininangail (m/s)
AT
1 2 3 4 5 6 7 8 9 10 11 12
1 44 | 52 [ 49| 50 149 | 53| 53 |52 59 |55 56|44
2 45 | 51 [ 50| 51 | 48 |54 52 [ 50| 53 | 52| 55 | 48
3 47 (.49 51| 54 | 5052 ] 53 |51 52 |55]| 53|49
@b | 4.53 | 507 | 5.00| 517 [4.90]530| 5.27 | 5.10 | 5.46 | 5.40 547 14.70
mIN apiaruEInuRAstgeInn Taduwnishquinumivinax
Dimmer A inumihwaaugefl (m/s)
control | 4 f 2 1 314 |56 |7 |89 101112
1 0.53 1 0.63 [ 0.63 1 0.56 | 0.36 | 0.53 | 0.66 | 0.33 | 0.70 | 0.73 | 0.53 | 0.36 | 0.54
2 1.60 | 1.90(1.70 (190170 | 1.90 } 1.80 | 1.30 | 1.90 | 1.90 | 1.80 | 0.80 | 1.68
3 3301383377400 |353)141314133.20(393}3.77 383|323 |3.72
4 4.00) 45 (420447 |393|4.73)|4.67|4.23|49315.00|4.87 447|450
5 4.40 [ 507 {473 | 4.60 | 460 | 520 | 533 |4.80 | 540 | 5.27 | 5.33 | 4.63 | 4.94
6 4.53 1507 | 5.00 | 5.17 [ 490 { 5.30 | 527 | 5.10 | 5.46 | 540 | 5.47 | 4.70 | 5.11
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40 1514 | 14.85 157x10° | 1.04x10 306.2
-20 1.395 13.68 163x10° | 1.17x107 319.1
0 1.292 12.67 171%107° | 1.32x107 331.4
5 1.269 12.45 173%10° | 1.36x107 334.4
10 1.247 12.23 176x107 | 1.41x107 337.4
15 1.225 12.01 1.80x10™ | 1.47x107 300.4
20 1.204 11.81 182x107° | 151x107 3433
25 1.184 11.61 185x10™° | 1.56x10™ 346.3
30 1.165 11.43 186x10° | 1.60x107 349.1
40 1.127 11.05 187x107 | 1.66x107 354.7
50 1.109 10.88 195%10° | 1.76x107> 360.3
60 1.060 10.40 1.97x10° | 1.86x107 365.7
70 1,060 10.09 203x10° | 197x107° 371.2
80 0.999 9.803 207x10° | 2.07x10™ 376.6
90 0.972 9.533 2.14x 10'5 2.20% 10‘5 381.7
100 0.946 9,278 217x10° | 229x107 386.9
200 0.746 7317 253x107 | 3.39x107 4345
300 0.616 6.040 2.98 x 10‘5 3.48 % 10'5 476.3

ﬁm Bruce R. Munson and Others, Fundamentals of Fluid Mechanics, 2nd editlon,John
Wiley & Sons, Inc.,New York, 1994.
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1, pMsAmaMUsuildannadiiemauiu

MNANBITNILY MARK Il MANOMETER
AIR VELOCITY CALCULATIONS:

Air Velocity = 1096.2x, fpg (1)

Where Pv = velocity pressure in inches of water

——t

D = Air density in lb/ ft3
P ‘
Air Density= 1.325x —
Where Py = Barometric Pressure in inches of mercury

T = Absolute Temperature (indicated temperature °F plus 460)
INAITN qmauﬁ‘ﬁﬂaqa'\nmﬁﬂﬂuﬁ’wﬁmmﬂ
oy figamgdl 35°C WNGUNHTITUETIINTNARDY
ABNIIVIAIAIUMUILUNTDIEINA TeedEnisussunmaludradaudunss (Linear

Interpolation)
40-35 A 1.127-D
40-30 1.127-1.164

D = 1.1455 kg/m° = 0.0715 b/ fi3

IAANVEILLUYeeINa (lb/ ﬂ3) Alalunuiluaunisit 1

o [ w = |
WANaR1YBIATA in-Hy0) Aldeinnsnaaeuluunmluaunmsa 1

nnranAnauzldnosnntugl (Umin) astiusswuasniy (m/s) Ae Yiua
fildandnunilugnusie 0.00508 m/s

AIDLMNTISAIN
o |
ssunuyiadeu A

' <l . |
AQAaBYDY Dimmer Control Je@auw 1

HEANYBIRINAY (in-H,0) gl 1 V=1096.2x 0.005
2 715
0.005 0.010 0.010 -289.88 (U/min)
0.005 0.010 0.008 9dld  289.88x0.00508=1.47 m/s
0.010 0.008 0.010
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2. WediSudaupsiniadou (Errors)
AAuRaImLARaudYse! (Absolute error)
—lpriligannimeass - Aiildwnuuusiaes|
Wesudaurmaaieu = rmraininasudysel x100%

Aflgnuuusian

o a o v al & = QY "
mswipufisunanisnnasiunsinsievisnesadouddivludiiedund Tdanmsuade
Waay 4.94 m/s wie Dimmer Control szav 5 Tun1imaasy WudSsuiisuiunamsiasien

snesedouisiwludediuum

~l
NITUIUNAdeY A

wWesduiauraandeu = %ﬁ % 100%
=8.18 %
=
AsLUUVIRADY B
Weidudnnuranindeu = 353-6.25 1500
= 11.52%
o
ssununaanu C
¢ d f o 553'627
tUesisunANURaIAREDY = ————x100%
6.27
= 11.80%
o
AsLUUNAADU D
'3 [ ] 5.65'630
wWosdudaruaanaiiauy = ———— x100%
6.30

= 10.32%
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3.n13A7I0M7A9 Reynolds Number

vD
inna:um'iﬁ 2.3. Re= P

H
] tr =
asval D mnummmrsﬁmaﬂu 50x50 cm

VINAUMNIA 2.6 DH=4%

(0.5%0.5)
(0.5+0.5+0.5+0.5)

=8 x

AmuAtY ATIEIY899NIA = 5 m/s
1NN AARYBIDNIATIANGIUTTIINA
i gaumghl (T) = 35 °C
0= 1.146 kg/ m>
4 = 1.865%10™ N.s/m?
| 1.146x5x0.5
2l Re=————
1.865x10

-1.536x10° (4000, n3lvauuutiuthu)
4.m3duansseznmatda (Entrance length, L)

2 "‘ d" Ly b Ll d 1 d L)
TyBzINNAT (Le ) UU‘(IUE]QHUBH‘S']‘;‘!’]U'SEWJ'NLﬁ\ilﬂ'ilEJVI'EIlLNI.UENi]'Iﬂﬂ'}'}N“Uﬂ

(vatluand, Re) WMBNT 1IN

L Ay
Ee - 4.4Rel/® nsiwawuutiudu (1)
inaums (1) 9ela

% - 4.aRe"6 = 4.4(1.536x 10°)6 = 32.20

Le = 32.20(0.5)= 16.10 m

ssesUnmaduioiy 16,10 m Smslvalwaiugaiiluudaesdunsivadiuyie
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° =
1199 ﬂ’liﬂ']'ll')mﬂ')'ml.%’l wisuiunadau A
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-l
AMINTIYAN (m/s)

$unsa SD
1 2 3 4 5 6 7 8 9
1 6.133 | 6.099 | 6.134 | 6.106 | 6.055 | 6.107 | 6.135 | 6.101 | 6.138 | 0.027
2 6135 | 6.104 | 6.129 { 6.110 | 6.063 | 6.103 | 6.138 | 6.101 | 6.138 | 0.025
3 6.132 | 6.099 | 6.131 | 6,105 | 6.062 | 6.107 | 6.136 | 6.101 | 6.139 | 0.025
Aady 6.134 | 6.101 | 6.130 | 6.107 | 6.062 | 6.105 | 6.137 | 6.101 | 6.138 | 0.025
MR MIFuAE fssuiunndeu 8
. . ATl (m/s)
Fmuas SD
1 2 3 4 5 6 L 8 9
1 6335 | 6.173 | 6314 | 6.296 | 6.071 | 6.262 | 6.348 | 6,182 | 6.340 | 0.096
2 6346 | 6177 | 6301 | 6.303 | 6.107 | 6.264 | 6.324 | 6.186 | 6.341 | 0.085
3 6.326 | 6.178 | 6.315 | 6.299 | 6.094 | 6.279 | 6.338 | 6.174 | 6.325 | 0.087
ARy 6.336 | 6.176 | 6.310 | 6.299 | 6.091 | 6.268 | 6.337 | 6.181 | 6.336 | 0.089
TR MIAINAIIE) Aszurunaasy C
. . AIMEaTl (m/s)
FMUAT SD
1 2 3 4 5 6 7 8 9
1 6.350 | 6.223 | 6.322 | 6.259 | 6.092 | 6.239 | 6.360 | 6.225 | 6.347 | 0.087
2 6.361 | 6.229 | 6.316 | 6.256 | 6.116 | 6.222 | 6.351 | 6,231 | 6.351 | 0.081
3 6.340 | 6.226 | 6.318 | 6.248 | 6.107 | 6.236 | 6.365 | 6.219 | 6.342 | 0.082
Aeay 6.351 | 6.226 | 6319 | 6.255 | 6.105 | 6.233 | 6.359 | 6.225 | 6.347 | 0.083
M3 MIANIMAIIE Assuumadeu D
g <
. v ATTIYN (m/s)
SRITRIVE S SD
1 2 3 4 5 6 7 8 9
1 6.382 | 6.249 | 6356 | 6.287 | 6.103 | 6.266 | 6.393 | 6.255 | 6.380 | 0.093
2 6.394 | 6.258 | 6.353 | 6.284 | 6.118 | 6.250 | 6.382 | 6.25%9 | 6.383 | 0.090
3 6.372 | 6.251 | 6.352 | 6.278 | 6.116 | 6.264 | 6.398 | 6.250 | 6.373 | 0.089
fnady 6.382 | 6.253 | 6.354 | 6.283 | 6.113 | 6.260 | 6.391 | 6.255 | 6.379 | 0.090




81

6.N15AIAYIA

L hrd 1 ] 4 1 LY
wudPAe onsdautasmAs eI nalaniei (local flow) podns i ndes

v
INAUNSH 2.1 Ma = ~
C

AMuvsanisiva (v) (mss)
Smsusudes (@ (mv/s)
(Yoo, < - I
9nInEAREnduatemanaNiuUIIEINA
| a °
Wigaumgiivazyinmsvaasu (T) = 35 °C
c= 3519 m/s
.|
Assurnunaaay A
=
7

Dimmer control sgAv 6 V=5.71 m/s

wlf Ma=21T_ 0.016
351.9

<
Yissuuvngay B

J =

Wt Dimmer control 586U 6 V=5.66 m/s

2¢ld  Ma= 266 _ 0.016
351.9

P |
nsguuvngay C

4. 3

¥ Dimmer control semnu 6 V=557 m/s

el Mae 22l
351.9

=0.016

fisTunumadou D
# Dimmer control 5efU 6 V=5.73 m/s

ol Ma=2 -0.016
351.9

L] 4 1 - 1 L
NaNNISATINARSAsTELTUNAADY 1auld Dimmer Control $EAU 6 Wu9n LavdA

-t o] L .
Ma < 1 Jadunmsluatirudiladss (subsonic flow)
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0 T 203908
3 2099\
" u.wuﬁmuzd,;\

Mark It Model No. 25
inclined-vertical manometer,
(shown with optional A-612 portable stand)

Dwyer Mark || Manometers come in a variety of ranges. Make sure the oil being used is

for the correct manometer.

Mark Il #25, 27, MM-80 and M-700 Pa use red gage oil (specific gravity 0.826).

Mark 1 #26, 28 and MM180 use blue gage oil (specific gravity 1.9).

If additional oil is required, call or fax nearest Dwyer office listed at bottom of page.

INSTALLATION
Position manometer on a vertical surface. Drill two 1/8" or 9/64" holes on a verticat

line 315/16" apart. Loosely mount manometer with self-tapping screws provided.
Adjust gage until level bubble is centered in level vial, then secure the manometer
tightly.

For portable use, order optional A-612 Portable Stand.

FILLING

Turn the zero set knob counterclockwise until it stops, then turn clockwise 3 full turns.
This puts zero in approximately the middle of the travel adjustment in either direction.
Remove the fill ptug and fill with gage fluid until fluid reaches zero on scale, Minor
adjustments can be made to adjust zero by adjusting zero knob. Replace fill plug. If
gage is overfilled, remove excess by inserting pipe cleaner through the fill port to blot

up excess oil.
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MAINTENANCE
Check oil level regularly and adjust zero with zero adjust knob. Be sure tubing
connections are disconnected and gage is open to atmosphere before adjusting zero.

Clean with mild soap and water. Avoid any cleaning fluids which may result in
damaging the gage.

ACCESSORIES

Each Mark Il manometer includes two tubing connectors for 1/8" pipe or sheet metal
ducts, two mounting screws, 3/4 oz. bottle of indicating fluid, red and green pointer
flags, 8 of double cotumn tubing and instructions.

APPLICATIONS MARK Il MANOMETER

e —

AIR FLOW

——————

AIR FLOW

GAGE
i B

HIGH PRESSURE

SIDE CONREGTION LOW PRISSURE

SIDE CONRECTION PITOT TUBE SENSES TOTAL AND STATKE PRESSURES, HANOMETER

HEASURES VELOCITY PRESSURE-IDF FERENCE BETWEEN TOTAL AND
STATIC PRESSURES),

AR FILTER GAGE

Mount gage within 3 ft. of filter bank. Install tubing adapters on each side of filter. Run
tubing from clean side of filter to positive pressure side of cage (left fitting). Run
downstream side to low pressure side of gage (right fitting). Install green and red arrows
adjacent to indicating tube to indicate filter condition.

AIR VELOCITY METER

A pitot tube should be used for air velocity readings. Install the pitot tube and gage
carefully to ensure accuracy. Select a location for the pitot tube with al least four
diameters of smooth straight sections of duct both upstrearn and downstream. Install
pitot tube in the center of duct with tip directed into air stream. Connect the right
angle {leg parallel to tip) to negative (right fitting) and straight pitot tube connection to
positive (left connection) of gage. The velocity reading shown on the gage is the center
or maximum velocity. For average velocityacross the full area, multiply by a factor of
0.9.

No's. 27 and 28 require pitot tube at additional cost. See Bulletin F-41-F.
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The velocity indicated is for dry air at 70°F, 29.9° barometric pressure and a resulting
density of 0.075 \b/ft3. For variation from these standard conditions, corrections may
be based upon the following data.

AIR VELOCITY CALCULATIONS:

Alr Velacity = 1096.2)("%

* where Pv = veloclty pressure in inches of water

D = Air density in b/ft3
P

Air Density = 1.325 x?B
where PB = Barometric Pressure in inches of mercury

T = Absolute Temperature (indicated temperature °F plus 460)
Flow in cu. ft. per min. = Duct area in square feet x air velocity in ft. per min.
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