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Abstract

This project is a continuation of Development of a testing bench for small
wind turbines apparatus {1]. The wind tunnel has been designed to generate the air
velocity in a range of 3 to 5 m/s to enter a 0.5 m x 1.15 m x 0.5 m testing section.
This project has made the improvement to; the connection between the diffusion
and the power section, the adjustment of a measuring probe at four observing

planes and the mobility of the apparatus.

The wind tunnel was tested under the air velocity ranging from 3 to 5 m/s
and the velocity distribution at three observing planes along its longitudinal axis are
observed. The result shows that; at plane A, the average velocity ranges 2.999-4.983
m/s with 0.158-0.183 standard deviation; at plane B, the average velocity are 3.082-
5.080 m/s with 0.126-0.148 SD; and at plane C, the velocity distribution becomes
more steady with the average velocity 3.017-5.025 m/s while having the SD 0.119-
0.122. Therefore plane C is affirmed its use as the entrance to the testing section.

An experiment of the airflow over a circular disc is performed at the air
velocity of 5575 m/s (Re=5.233x104) to observe the velocity distribution around the
disc and calculate the Drag Coefficient. it has been found that, behind the disc, the
air velocity dropped to the low of figure at the center of the disc and gradually
increased at the distance from the center. It has been noticed here that the
downstream air velocity was higher around the edge than that upstream. The Dfag
Coefficient was calculated. The experiment shows the Drag Coefficient to be 1.701
which is in accordance with 1.8 as suggested in a laboratory manual of the airflow

visualization experiment data [2]
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waztnivasdunismaassaziniseanuuuliiideassune (ventilation slot) tievhln
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23.1.1 Wiueitnesavivaisuidua (differential  manometer)  148A1u
1 ) L bd IJ ar vV o Tt 1 o
umnAnesswieiuansge 1Rudfl A uay B dagu 2.4 Fdbildiluliarady

d v oa o
ﬂuﬂﬁ]i\‘mﬂdﬂﬂ‘lﬂQﬂ“UQ

[4
L U g - 086
WM s - 086

gﬂﬁ 2.4 wusiwaiavivalnndea (4]

23.1.2 wiueilwedeiinnag (well-type manometer) Anuduigniavinlst
sufiuvesvalvalunasnlvgjasanfivadntios urdmanemiugwemasadnnig

[-f ] w LYY & 1t
vnilauadrann wasarusuludadiunudnsrdivvesiunvamaoningiy

[-1 - o =t =4 + [ 1 1 w - 1
nasalan Wenin1silsvumsu llﬁ'l'ww‘lﬂlﬂﬁ'i]"l'lJFI"IﬁTmﬂu‘lmﬁﬂﬂﬂﬂﬂﬁﬂﬂlﬂﬂ'ﬂﬂ

v¥ile AU 2.5

_'l ANan NUAY

S
AnuAuignia |,

YINAINTEMNT AN i
) J#l

<l a - ¢
U7 2.5 wiuefiwesvilanad (4]

23.1.3 wuuafimaiviladulaad (1ad (inclined well-type manometer)
1 LT - L =l L) [*) 1 - J -t
adeiuriianad dailarulilunisiamnudunnnisiianadnsiiredinidn A4
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S 3 [V o dor W of = o
eainuman anuevssmediniituluihitudum e Mdssaluing
funasalugiiiliinauduvediva dagu 2.6 Samdummgavsaiueiives h fu

o f g .
AU IVAIARBUUEN — =sind

b~ 3

4
naam

sedwiudu

N IAY

A Y A

] - ¢ a = 4
U7 2.6 wiueiimesvilndulaai 1ad (4]

it 8 viuuise wld Sl 1A IR 4
h sin@ sinl5° 0.259

& of LA L4 4 )
msuRsuiisumiuduiuanugaiesuananaldlasnse

= & | [y ar
2.3.1.4 y13eilnes (barometer)  urseilnesiiugunsainldinniueiy
W v Y v -] '
vsInA Ay 2.7 Uszneumwaeiinisvatsdnmihlauariiusevetiiin vane
-t W = s [ ] w w o
angunilulawasgnanegludnusiquion aruduusssiniadudsendiluly
o - ] # oL o ela
waon NdnnzaunalintesIdunsilateiuuugavesredil Anusuinalures
i 1 ot - I ar J
aeduiidlndmmiugyannia Sieanudilevesusoniviiiy 0.17 Pa#t 20°C

C Anudahauhgyy e

A

Ul 2.7 usefimad [4)
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2.3.2 iriamuida (velocity probe)
Y Y d qu o oot
gunsaifammuduavizqaitildinrundaiadsliqunsel Sund1 vieUmen
. - - o < t'g J LY 5 L4 a b= 4’
(pitote tube) avaslvairdauivasgrilingaieiiiaalumily Arwduintu
wanmudurasd1nadlua savesaruduintuduiiusiuanngiveanis
4 d 1 Y | 1 w 1 §
indpufivetveriva viallnevlivanmisiifiouenArnnudadozy 2.8 vietnenduvie
) ° " v a W o 3 [
wnnarINegludmiitumeladuvilegludweilvalaonss arudulane
viedwildanveslvailwaiigreding varsvieuvesluaotis (stationary  wie

stagnant) uaz'\lﬂﬁﬁ'ﬂnﬁ stagnation point

—

d i
vastualunanafiogiis —a ¥—

»
voilnalna no P/ ~ IBARTNINALN IMUA

"Ur"r‘."""'-r"" Ty rrryrryryrrl

—ﬁ.- ..... T - - O .—‘—- - wmm

Y s = siagnation point
e o L PR SNV YV N VSV VNV VP VIV VYV |

3UTl 2.8 vietinew (4]

or & o o o] . . o
AUNMINGIMUDUUARIA NN UE YaIA A AT stagnation point nu
AMISI983vRslua diga 1 Aadrvestwadeuirluluviolnenuasga s fle

stagnation point

2 2
Y, ¥
&+zl+_l_— JL=£-—'-+z_‘+-ai— (2.3)
b4 2g 4 g
J [ 7] - a “ [ 7] - | 1)
Tnsfl pt Aemuduainludweslwandn, Bt AelemaTuadind, ps Aernau
Y
r
- w ps - v e Vl - <
stagnation U30AMAUNIMIA, =2 ABLIAAINAURIMUA uas 2y PoennIwIE)
Y g

J o 5 1 ar
W9 vs=0, z1=zs uag hL=0 (AR TIIAUNIMUALNINUNATINYDATAAINAY

o o v 4+ [
ahe wastamausIteT I vi ala

v, =
! Y
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d ﬁu ° L oed | ' | ¥ v
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nelAR NuANANA

nod muon
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vindmlu

N Tna

g'dﬁ 2.9 vieUnavaiin [4]

1 o 1 i [] ] o - [ [ al 1 o o
vadinuaneWaagasinanmeluvislvgnivinnauniiouduvelnanifivsvieder 3a
ot 5 1 1 [] a 1 4 1] 1 ar ar oy 1
mmnumnuﬂuazmmuwm‘ﬁﬂmﬂawwawmaagnuqﬂnsnhnm'mmu vialnaviagnsnats
viovadluavhldiiadesinraumiussnitmsnaisiasuuenvesystinem diuuua AA

o v ' ' T ] - '
wanaguumdniisa i enveavieUnenuslinegufsiailagasnan wWerevieluiia
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Auduadnfivaugednsnumilwesiatinensedhiuisiaciotn wiseliotalidansink
ps w3 p1 atlaedrwmils uikoan1s¥rmmuansatasndl (ps - p1) vuda Al
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dldwneiinedinnrmunnmmuiu digu 2.10 Tassmemiuunndiswennn
gevesvaslvaluwiueiives b wédnhludiusiuainuds Wovaunisuanspamunnsng
35WIN ps uay pi TﬂuL%:uﬁgm1uﬂ"uaﬁm-ﬂqa;jﬁ'huuamlaaviaphuuuuaﬁmas’uaz‘lﬂﬁuqmﬁ

14 1 L - Ld
UanelUnvaavieyn s Wuannsaruuansisvesauiuanuuueiinesldidy

p—prytyh—ph—p+p=p, 2.5)
wenitlaide x uag y dafutes mauumnsseusild

ps—p,=y,h—vh= h(Tg - Y) (2.6)
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wnuauns (2.4) asluaunms (2.3) 8
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2.3.3 MyIMNialuuduY
2.3.3.1 1AIAIMFIAURUUAINANTOY
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winarauiildananuieununiabniduiguinatsssanm 12 pm i
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nszudliihrimafiafaguugnasnihlunludivedivalinszudlndbing
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Tnumsaiumaniivastva
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msmugulinszualniipg tisvedwalvaduainaiwioussiiuasin
aruuandeguugiiveslvatazanmuiou (AT) mminnavadtvatiudadiy
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2.3.4 A

anmguildlunislvavewadlvaszgrimunmeianin (Mach number,
at [ 1) L] J 1 wr
Ma) waviinfe srsndiutasairuiiavesmsivaawied (local flow) Aedninda
- v df
s annnsoldisuaunis lanail

Ma = (2.8)

N | <

Avrsannsivakuuguiald Audavesnisiva (V) endinimiagenis

w [ - 3 < .
Fnsudades (o) dnsivadill Ma < 1 wudndumsivaniaaanialdide (subsonic
w 3 = - .

flow) wazdimslvaiil Ma > 1 wuindumslwafiarudamileds (supersonic

fiow)
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Wannyafurndsiatudiuenaunsosn e biliAnnsiavesay snnsfineinisie
199uNAaN wuhalsesiimsuiudge gy 3.1

5 3.1 dawditinisufuuy

3.1.1 daw@nAunsean
o J 1 - L [ I L4 1
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3UN 3.7 s7ukeu
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3.1.5 jUuvurasglnAauilFudgaadsany sol
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3.2 mssouilamaruinaivvssiuiimiwanaasulussuzsinan
3.2.1 TnquizmAnInadoy
3.2.1.1 Wewmnudimiuiumisingg meludwufiiou
3.2.1.2 tharuduadglvmmsnssaedilusasszuiu
3.2.2 Yangunsaiflléluniivaaeu

3.2.2.1 Wnaugmaunssy tiintuaandu wua 24 i ueweiuun 1/3
w34 dagu 3.9

7Ui 3.9 Faaugamnsau sum 24 in

3.2.2.2 Walauuy Pitote tube fegy 3.10 Weriluldinranndaan
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3.2.2.3 \nJesTaueiives (manometer) fu Testo 510 Aagy 3.11

- o
U 3.11 1n3psinnnueiines

3.2.2.4 \A3aau3umnd INVERTOR fiarmidigean 50 Hz fagu 3.12

31Jﬁ 3.12 Invertor control

3.2.3 fumaunIsvadsu
3.2.3.1 fTssuunAaoyU A, B Uar C LALAMMUATSISVIAABUANY A1l
ANugveIszuzAMNEdNU IR Tnofiszesvineinanmindnudjofeu 0075, 0.4

Wag 0.7 m muddy fagudl 3.13
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«» | X=0075m

— X=04 m
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P ° P |
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] ot ar 4 L ar o
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o w o
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Y R R R R N .

-
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-
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[ . al 4 |2 - - & o
3,2.3.3 i Pitote tube fidiaiiniuveiimesiudniiiszutu A, B uay
Y < d a 8 o < ' ao y v w o
C dagudt 3.15 dinAnduaiessudaniiaguil 3.16 maruiauiinliuanafisgi
317

o o . A O
U7 3.16 W2im Pitote tube Aifinfinaie
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3.2.3.4 YufinAranugaitle

3.2.4 HANIYIAABUAIING?

3.2.4.1 ANudafissuTU A

24

AN

o
A5 3 m/s NIBUV A

Arnnaan (m/s)

2.5-2.6
2.6-2.7
2.7-2.8
2829
2.9-3
3-3.1

= 3.1-3.2

m3.2-33

m3.334

m3.4-35

-l
wam

<
3U 3.18 wwunmnisngsaemEa 3 mvs sy A
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ﬂ')"ll.lq\l‘lﬂ

A9 4 m/s Tlszuu A

11 E [ 1 1 L] 1 1 1

AT I8Y (m/s)
36368
3.68.3.76
3176-3.84
3.84-3.92
3.92.4
4-4.08

» 4.08-4.16
" 4.16.4.24
%4.24.432

m4.32-4.4

= o
U 3.19 wiunimnInszaeaIga 4 m/s RTEuu A

AUIIN

u

o
@757 5 m/s #issuiv A

A58 {m/s)
4546
4647
4748

'fz 4849
A
'’

4.9-5
5-5.1
= 5.1-5.2
u5253
w5354

m5.4-5.5

- P
U 3.20 WUNWNINTEAIBAIINT 5 m/s RTsUTY A
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a d 1 (Y
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o
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Wiy 4333 /s wasmmmniashaeeseuinveudeesiiainiy 3.633 nvs ununw
paniEeemdl 5 m/s faguit 3.20 Mmahigugaeseguinamsmanedadiduiiiy
5.467 m/s wagmmudwhanasaguinaeudesiiawiniu 4.567 m/s sudiudnssuu A

fnmnda 3-5 m/s msnsesemniiidilirevainans

3.2.4.2 AdfiszuIv B

A7 3 m/s Aszutu B
11 A ] | SEN U A i1y -
, 7 ,“ - ALY (m/s)

2.7-2.77
2.77-2.84
2,84-2.91
291-2.98
2.98-3.05
3.05-3.12
=3.12-3.19
= 3.19-3.26
®3.26-3.33
®3.33-34

AITIEIN

Wi

JU 3.21 wrupmnsnTsnermId 3 m/s fszunu B
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AL

a3 4 nvs #ssutu B

Ardaon (m/s)
3.83.86
3.86-3.92
3.92-3.98
3.98-4.04
404-4.1
41-4.16

= 4.16-8.22
=4.22-4.28
4.23-4.34
w4.34-4.4

o o
g'dw 3.22 WHUNTWAISNIETIBAINIG) 4 m/s Aissuiu B

AUFIMN

AMN39 5 m/s Assuu B

AN (m/s)
47477
4.77-4.84
4.84.491
4.91-4.98
4.98-5.05
5.05-5.12

©5.12-5.19
u5.19-5.26
»5.26-5.33
253354

Fl
Ul 3.23 wunmnysnsseeAInada 5 m/s fisvunu B
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PN MNENTEBRIIE 3 m/s Gl 3.21 Aanudagegnaveguiionimss
nanslaiidiniy 3333 m/s uasAaivhgaazeguinureudeeriidwiniu 2.7 m/s
WEAMATSNTEINBAINGT & m/s agUil 3.22 Amamnageanataguianmsenanadadiy
whitu 4.4 m/s uasAnAEwhgnazeguinuveudsiiawiniu 3867 mvs uaunmnTg
nsEwATI 5 /s faguil 3.23 drruigegaesaguinnmsanansilsdidwiniu 5.367
m/s wazAmmdInanareguitameudesiduiniy 4767 mvs asdhrinsruu e @
A 3-5 m/s mnseawmuiiansiuiimuahiausinty

3,2.4.3 Arndafiseutu €

A237 3 m/s Fiszunu C

A378U (m/s)
2.8-2.85
2.85-2.9
292.9%
2.95-3
3.3.05
3.05-3.1

43.13.15
m 3,15-3.2
%3.2325
: "3.25.33

-

AUZIN

= =l
JUT 3.24 uunwnsnseneAIITa 3 m/s Aseuy C
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AN

A3 4 m/s fssutvu C

mmrdaan (m/s)
3.83.86
3.86-3.92
3.92-3.98
3.98-4.04
4.04-4.1

24.1-4.16
#4.16-4.22

m4,22-4.28

m4.28-43

3
v

U

]
10

ol
3.25 llNUﬂ'lﬂﬂ'ﬁﬂib’i}'lUﬁ'J'ml%‘] 4 m/s nseuu C

ATZIN

aMN37 5 m/s fissuiu €

I3 1 L] 1 _1
g r A58y (m/ss)

| 4.8-4.86
4.86-4,92
4,92-498
4.98-5.04
5.04-5.1

% 5,1-5.16

= 5.16-5.22

w5.22-528

m5.28-53

3
L]

v

o
W

E
3.26 Ll.N'lJﬂ"Iﬂﬂ'ﬁﬂ'iS‘il'lElﬂ'ﬂlJl%’J 5 m/s nisuu C
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w -l 1 -
PNUHUAMAITATENIBAIMNGD 3 /s Faguit 3.24 Amruniigegmazaguiinmss

=

nansBailiviniu 33 m/s wasdmiaiignazeguinaveydesiidviiu 28 m/s
WHUAMAITNTEIIBAIINGY & m/s RaguTl 3.25 ﬂ"um"lm%'lqaqmzasjtﬁmumsanmﬁqﬁfh
Wity 4.267 /s uazmmsgnezeguianteueesiduiiy 3.833 m/s ununw
nsnsseauda 5 m/s Faguit 3.26 r-hm1u1.%’7quqmsaeju‘s‘nmmma1qﬂqﬁﬁ1tﬁ1ﬁ’u
53 m/s wazAAwgatsaguRanoudsiidiwiniv 4.8 nvs suudszun C '71'

A1M37 3-5 m/s mMInseReAIIdanumEnsuInniTEuIy A was B

- ol
M5 3.1 AINNSINSEUIU A, B was C

st | aruda | mwdaeds |mnndagee | ardamgn| o
#
weiteu | (m/s) (m/s) (mvs) (mvs)
3 2999 3433 2.500 0.183
A 4 3.992 1.333 3.633 0.158
5 4983 5.467 4.567 0.178
3 3.082 3.333 2.700 0.139
B 4 4.084 4.400 3.867 0.126
5 5.080 5.367 4.767 0.148
3 3.017 3.300 2.800 0.122
C 4 4.050 4.267 3.833 0.119
5 5.025 5.300 4.800 0.120

= < o - y
IR 3.1 Amnanda 35 mvs s A Adudsauuinsgiuasegluii
] A 1 1
0.158-0.183 52w B Ardudsiuuiasgiuesagluyag 0.139-0.148 ssuw C Andw
= 1 1 <
Wanuunesgiueseglugan 01190122 suiluhiszuw C avilddudosvmnaig

v oo ' e =
stfign uarvifianuminaiavsinsivafia



3.2.5 MIAMNMaNIA
o A [T 1 A
wuinfe dasrdruresarnimiivenisivataniszi (local

) I
dasuSudus

of
VNFUNIIN 2.8 Ma =

N =

ArssImsiva (v) (m/s)
dnsuSudea (©) (mvs)
PinmsnantiRdnduesainanruiiusIEInIA
fgomgfuaisvimsvaaay (1) = 30 °C
c= 349.1 m/s
fissuruvaaay A
U3V Invertor fimud 42 Hz  V=5.467 m/s

r 5.467
ol Ma= ——=0.015
349.1

fissununnasu B
U5 Invertor 1AI10f 42 Hz  V=5.367 m/s
A 5,367
Wi Ma= —— =0.015
349,1

o
Nzuruvnasy C
w = =
U3V Invertor innun 42 Hz  V=5.3 m/s

349.1

wld Ma-= = 0.015

31

flow) #a

° o ] -l P
waTInNsAMatinnuAarssuunaaasy neld Invertor innud 42 Hz

nuindumsivarilndnsngen dailieAnauialiiiu 0.39
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wWisuidvuaruia
6
@ 5 -
E
=
‘E 4 i - —3m/s
,-3. — mfs
€ 3 - - -Bmfs
2 I
A B [ o
TEUYRAEU
o o4
U 3.27 avmilsuiisunn§anspuiu A, B uas C
Wisuifisusmdnudoavunasg
i BN\ - e AR
2 018 Ce A e
ey )
g \/
3 016 s poam. b, 4 T
s ! / —_—uiu A
S 014 ! T 2 a Wt
= : \/ —nuwl
“E o ) ) | nuiyC
1T o NP A C /¥y
01 '— A Y . S
3 4 8
Amndau (m/s)

= ] o =
JUT 3.28 nymidTeutiisumdnidosuunmsguiszuiu A, 8 uas C

<l ol 1 o © oo
NFUN 3.27 fiszuu A, B wae C fimnudaadeflndiresiy Tavssuy
- o o ] -4 af ] -l
B asiimnuniuadsiiganitssudug uaszud 3.28 setuinfimmnds 3-5 s 7

-l ) J a 4
stuw € fidndandssvunmsguilndidsaty wasilanfosnitszuiu A war 8
aadaldsvuu C Wugaindilumanadeu



- v S [T 4
3.2.6 Wisuiisuarndmssuiu C wuuiiseRanvuliigng

3.2.6.1 A5 3 m/s

33

e

wuulilit¥aily

@;

®,
¥

b
A
—

w
-

4

9 11 1 3 5 7 9 i

o T

=
waim

o Hu A w o1
Edﬁ 3.29 uNUﬂ'\Wﬂ'I'iﬂ'iﬁQ']Uﬂ'ﬂLIL%'J I m/s viazuu C uUUﬂTQNﬂﬂUhJH?QNQ

3.2,6.2 AYNNIY 4 m/s

-

oI

wvulall¥ails

4 J =l & : [ ol ar ‘,
UM 330 WHUNNINTEEMINT 4 m/s Tissunu C wuudifeiniuliisiie
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3.2.6.3 A1ME9 5 m/s

wuultil¥edly

-l = T YT §
JUT 331 usuammInIzwAITI 5 m/s Aissuny C wulifiaiulbiieda

1ol ws ; ol

Q']n?'lj 3.29-3.31 WU'JI"!"'ﬁniﬂQ'lﬂﬂjqul%'] 3-5 m/s lI.UU‘hJui\m\'l HN1INTE0Y
Aoy o w o o o
ﬂ’ﬂuL%’]VI'UuU'NQQ ulﬂl.‘U"‘i'tl'UtﬁﬂUﬂUﬂ’liﬂi#%’lﬂﬂT‘mL%‘] 35 m/s LlUUﬁTQﬁQ nuN1g
| = 3 i v 1w v g
ﬂ'izi]']tlﬂ‘}'ml‘i'mtfluwmﬂuI.Lab’ﬂﬂ'llﬂuan']'l u.ﬂﬁ\ﬂ““iquq15\1“‘1'&1”1“”"5”13%’]9ﬂ71”l's’]

Assuumadny C finweitaue

44 A -l W : atr ) L 73 J
A5 1R 3.2 WisuwisuAMIGINsEYIY C wuuiiSanenuliuiyi

aada | sy AIMFIGIER n'nm"f'uhqn .
TEUUVAEDY # SD
{m/s) {mv/s) {mv/s) (rmv/s)

3 3.017 3300 2.800 0122

fi¥ails 4 4.050 4.267 3833 0.119

C 5 5.025 5.300 4800 0.120
3 5417 6.300 4.300 0387

Laiflsils 4 4679 5600 3467 0.442

5 4,620 5233 3867 0.301

= o d o yor X
VIMMIA 3.2 3Eut C ARndr 35 nvs dledadimnuialaeldsiiaridiu
4 1 LY 3 o : J
Weawwnesguasegiuge 0119-0.122 uilatnrnudladhilafidsddnadsay
3 T PR, ) Vo -l
UMIgIUILDE LY 0.301-0.442 atuinetadarmndilagldsededrdrudonuy

LY 1 t .!‘ J
asguariiaiosnit uaaridlrnuaiianevesmsivang
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Wisuiilbuanudailssuuc
6
% 5
?- 1 am/fs
w
g i.Amfs
[l
« 3 |- R u5mfs
2
gy ety
F2Uw C
A 4 at 4 at el W 3
U1 3.32 nsmFeuiisummianssuiy € woudifadaiuliiese
wWisudsurdandsauunssgnitssuuc
05 -
2
[y
= 0.4
g
03 4 I
E]
= Im/fs
..'g 0.2
3 L 4mfs
£ 01 w5m/s
©
<
> R . ,
gt firfo
Feulv C

[T

J 4 g é‘ ot [] ot o
quil 3.33 amisuiiouidudosumnasguitsuny C wuiifReiulilife

-l ;| o e - TN S o
1NgUR 332 wuiiiszunu € dotaArmnnialauiifels waglififle mmmniim
v o 1w 1 g duytd v & -1 Ve d oo
Iaziimmuandretuun Tasdanudinialdideldddesiimlndifissnmuiiidmun
) o 1 o < Y - '
A uagguil 333 sudurdudeauunesgildieldftitanion uansirdaim

a J 1 a*r bkt #
ﬂlJ'Il?lNiJ‘tlﬂQﬂ‘Tl!JL%‘Wlu'lﬂﬂ']'lﬂ'ﬁ']ﬂﬁ’.'l"lill%‘i‘[ﬂﬂ'luu'iwmﬂ
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3.3 dUuanveday
3.3.1 midSuupiganadeuglisday
KamtdnmIsUTUUIgAnadauglusdan Aeanunsoadeudeldnuioinis
dausnmuniseniugaiuiailnduaiiv snsaunsonanssnaniule uavs
douwdazszuuamnsan/AsuihuwmisnisTaldazenn
33,2 mivaasuiiewmm Iadsvasiuiimidanadeutussosiieg
flssnunadeu A UV Invertor flAanda 35 m/s didnrudaedvey
Tuga 2.999-4.983 m/s Ardnudsauianasgiuegiuas 0.158-0.183
fiszuumadey B U3 Invertor fianuda 35 mvs fiamnuidaaieag
v 3.082-5.080 mvs Ardnudioauutmagueglugas 0.126-0.148
fszunuvadeu C USU Invertor firunda 35 m/s dlAmmdnadeey
Tutha 3.017-5.025 m/s Anduideauunnaguegiugas 0.119-0.122
Uiy C finnda 3-5 m/s ddudsauunasguitesiign wans

5 ol 1 ad B
Snfiauainassverranioniainndszudy duludiddsanu ¢ Wy

o U
dnnalusanadau



pu |
unn 4
ANSNAADINAZIATIZVIRG

= - - =l o o 1
TuuniisznaniinmeassiegnTuGeuudavenmng1mImA Wenuzunm

- L4 - :
Aarnanau Lta::wwi'nu‘s\m'lumn'mﬁmmu

4.1 Inquszsied
Y - d -
4.1.1 ognaasaaswesranniiay diethuguvssdianianay

J J L J - é’
4.1.2 (HaMIA LI RIUDINAYILNAYU
-
4.2 vauijiieadea

4.2.1 aumsluwudy (Momentum Equation)
w & e ad v Jd ) # w =
aunsluudiuinnmneinngnsieasunted 2 veiiiu Sdnuusi

-, A - a | 4
Juttugruunfigada msieseilumuiindady (Linear Momentum)

F= d(mv) 4.1)
dt

P o [ v X7
91naUN15 Reynolds Transport Weuvy B aeluuudindndy mv was b

o . a b asc ot 5 ar ¥ 1 V
#sfe intensive properties TadRnENTRRUUIMUAs TR BuEuioma 14

P
unuadluaunisminaniavia

o

syslem contro! volume

j%= [ pbdv+ [ bepvda

system contol volume control surfice

mv 2

b pvdv+ [ VpvdA

contol volume contrl surfice

» di d — —_—
"“u‘lﬂ EF = T = a j pv dv + I pyyv dA (4.2)

control volume control surface
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nsUssgnaldaunishinuudy
° (R |
Ugmidvedtvanszvunliagivi

CJ 1 1 L 5 J o 1 LY [ ) |
nITLTINTEYRamimIniy ussinsevihnemivlufiammn y sufisuviiu o

daandluzuil 3.8

E}_""“"_ﬁ!." I — X

< - o W Y a
Ui 4.1 uammedlvadienisnuiuminedluuuad [5)

FE=gwe i [ evdv+ [ pvvda
dt dt oontrol volume contrl surface
d _
-F =— J' pv, dV+ j pvv, dA
dt contzol yolume conlrolsurfice

-F = I pvv, dA— I pvv, dA

oulcs incs

dunairitdvadiva wonesniuasamanin q fu dwesluaitiny control

surface sanluazil 2 du dwasivin q My

~-F, = Ivah dA+ J'va_“ dA—Ivanx dA
A, A,

A;

-F, =2_|.va2,( dA—Ivao, dA
A

A,
| v
naNnNITATILRBLIBY Al

pvA= ) pvA (4.3)

FlowoutCS FlowinCS

PV A, +PVIA =pVoA,
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20v,A, = pVoA,
LJ J 4 L
ﬁ']'ﬂ.lL%’l'Ua\la'l'ﬂaﬂul“aﬂa’uﬂaﬂﬁ\“ﬂ']ﬂu 0

-E, =2Ip‘70 dA - Iva,,x dA
Az A

F =pv’A (4.9)

4.3 winsileunsTaggunsol

4.3.1 faraenan durgudnans 15 cm aggd 4.2

- =
UM 4.2 faranan

4.3.2 ¥23AUUY Pitote tube fagy 4.3 ot ll#inaugay

g'dﬁ 4.3 ¥rinwuu Pitote tube



4.3.3 awinAmudu 819 1.5 m swimdudgudnane 0.8 cm iy 4.4

A o L
JUN 4.4 atemAuny

4.3.4 \wRavimnueiives (manometer) {u testo 510 fagU 4.5

P Y -
qut 4.5 in¥eeiminueiines (manometer)

40
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)
4.4 TUADUNITVARDY

4.4.1 fadslumaRanananuuguvesdunagoukazianiuunusinslva dal
4.6

-4 = 8 - 5
JUR 4.6 n3BaRlAaAanINaY

o B o 7 Pt o
4.4.2 fnfie Pitote tube NiduvnasulasAmInfun1sivavataind wasldanein

[T ) Y v W - W [
amdusialden Pitote tube WrtuinTasinAImIan Atgu 4.7

§1.lﬁ 4.7 n15RmRAY Pitote tube

" LY (% o « L J =4
4.4.3 Unanginay Inglifaauvirunarudigegalivssing 1w
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@ o Y ) -
4.4.4 faprndWiszuiy C uay D Tasiinisivavasananammivesdufjina

d o o 1 [T | 4
awinaaslugy 4.8 wasyinisiadmussesiad Sndhe 1, 3,5, ., 21 cm wavdn 2, 4,

6, ..., 22 cm AL MZY 4.9 was 4.10

C

I nsivavesay
_— ==

———
— >

220 mm

370 mm

31Jﬁ 4.8 ssuuviadau C uas D

gﬂﬁ 4.9 w8y

o

I

-t ol
ssuty C uas D
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< s u
JUT 4.10 seesiniidndronazen

4.4.5 tuhnuammaass

4.4.6 YaaIndvinan udanengunsaiinranndiay wazlueafadsnausanumiug

o
Y



4.5 Nan1Innaey

451 ﬂ']'llll.%’]ﬁlﬁ'iﬂﬂﬂ'ﬁﬂﬂﬂﬂs‘l

< v
A5 4.1 ﬂ‘?'!!.ll%’lmﬂi]'mﬂ'ﬁ’ﬂﬂﬂﬂd

44

goumgll : 30 °C
AUUIINEINTA : 1.164 kg/m’
wushgudnensisn L 015 m
Huitfad 1 0.0177 m®
AMuniln : 1.86%107* kg/ms
ol o
mmiaa | Al adatsiau € (nvs) amdailizuau D (m/s) rlu)
(/s) | (m) [ofoil 1]a5on 2| aded 3] wae | maad 1] ASeM 2| wven 3] \ade |
0.21 58 59 6.0 5.900 71 7.0 6.9 7.000 | -1.617
0.19 58 6.1 6.0 5967 7.0 7.2 6.9 7.033 | -1.425
0.17 5.9 5.9 6.0 5933 7.0 7.1 7.0 7.033 | -1.315
0.15 5.9 5.7 58 5.800 6.9 7.1 6.8 6933 | -1.179
0.13 58 57 6.0 5833 6.5 6.8 6.7 6667 | -0.722
Q.11 58 6.0 57 5833 50 53 4.8 5.033 0.443
0.09 55 56 58 5633 3.5 33 4.1 3.633 0.654
0.07 5.6 57 5.4 5.567 2.1 33 28 2.733 0.542
0.05 54 54 53 5.367 1.9 24 19 1.967 0.334
0.03 55 5.2 53 5.333 0.0 1.9 2.2 1.367 0.163
5.575 0.01 50 53 52 5.167 0.0 0.0 19 1.267 0.049
0.02 50 54 5.2 5.200 21 1.9 0.0 1,333 0.103
0.04 54 5.2 53 5.300 1.9 2.2 23 2.000 0.264
0.06 5.6 55 55 5.533 2.8 2.2 2.5 2.567 0.457
0.08 57 5.6 56 5.633 36 3T 35 3.600 0.586
0.10 58 59 5.7 5800 5.2 50 4.8 5.000 0.400
0.12 59 58 57 5.800 6.7 6.6 6.5 6.600 | -0.634
0.i9 59 6.0 58 5800 7.0 6.7 6.8 6833 | -0893
0.16 6.0 59 58 5.900 6.9 6.8 7.0 6900 | -1.104
0.18 6.0 6.1 59 6.000 69 1.0 69 6967 | -1.212
0.20 6.1 59 6.1 6.033 69 7.2 7.1 7.067 | -1.460
0.22 58 59 6.0 5.900 7.1 6.9 71 7.033 | -1.754
k] 5.697 4,844 | -9.320

o 1 o d &
RNMTHA 4.1 wurrudinazuiu C fanu$iadunsssuiu 5.697 m/s uay

o -t 4 &
AMIFITsEuTL D Tanuduedovisseunu 4.844 m/s
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audadlszuru C
s o - -
° mww e STENRCS TR S SIS
bl e+ ¥ £ o i i
E
w 4 .
:é —t— ATy
- e
2
0
y 5 10 15 N 25
3ail {cm)
4 d
JUM 4,11 nswlwansmamiifiszuiu C
andaftszuiu D
8
6 1 - =
A | /
w 4 < P/
:é —t— nriih ¥y
£
i s anmhdnen
2
0 —
0 5 10 15 20 25
$mit (cm)

o o
UM 4.12 nymuansarandafissuiu D

< = ) -t
s mAansluzun 4.1 uaz 4.12 eniuitamuii@nge waseuesdanii

wali oty wandimsuTrnusaildaunsiu
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4.5.2 WisuWlsummihifiléannmsnaass

o - w
A19190 4.2 Wisuigusunianssuw € Au D

A awdait | aomndod
Fail (m)
(rv/s) seuw C | tuwD

21 5.900 7.000

19 5.967 7.033

17 5933 7.033

15 5.800 6933

13 5.833 6.667

i1 5.833 5.033

9 5633 3.633

7 5567 2,733

5 5367 1967

3 5.333 1.367

1 5.167 1.267

i 2 5.200 1,333
q 5.300 2.000

6 5533 2.567

8 5.633 3.600

10 5.800 5.000

12 5800 6.600

14 5.900 6.833

16 5.900 6.900

18 6.000 6.967

20 6.033 7067

22 5900 7.033

et 5.697 4,844

w

‘J 1 J ﬂid [ -
10915199 4.1 WunsuanaAruEmnsszuiu C was D Aszozsaiindmun gy
P o -l d & -
4.9 aarIsEuu C Inudnadeviassuiu 5.697 m/s wasranusafissuu D i)
4. d4 . v o
A nadevissuy 6.844 m/s thahlidSsuiiey aansann 4.13



a7

wWirufauamuiannnu C Au D

vee juRatiney

—— b
—a—pthfimnu o

arand (m/s)

R e A e

i
i
i
|
i
i

[} ; ! v f PR
2% 21 19 47 15 13 11 9 7 5 3 1 2 4 6 8 10 12 14 16 18 20 22 I35

inil (cm)

o < w
U 4.13 nswFeuitsuarunifissuin C A D

Qnna fagu 4.13 wudtlugrededl 0-8 cm s2nu € fidmnuifideudhalndifes
iu TngAradwngaog 5167 m/s uasssuiu D ilmarundadasnitasuiu C agunn
ilossingunsedadasnaniiall 7.5 cm udummndinialdsndnmdsgunsedariamay
whuhimmsgunssiainasiinislvaveseiniaitiasnn Tnefimnuiadngeegil 1.267
m/s uslugedeil 813 cm mmdafiseuu C fwn'au‘]ﬁmwaﬁmauamnﬁuwﬁuﬁwﬁ
wnlinlvhuadeiy susirmmugissun D fimmfuinesuiinnudigandissui
iesntugnilfiuvemmditidnnuiuougunssiaiinan sraifianalnaiuveseinin
vildnslvadmundsgunssfadsnaniiannianandvnumii uasludaadadl 13-22 cm i
2 spuuiiamidiainaueunilgn Tngssuw ¢ fidarndigageegi 6.033 m/s way

seuu D fifmmnsigegaegi 7.067 m/s



4.5.3 n1sAuwIAT Drag Coefficient

4.5.3.1 wan13AuIumAn Drag Coefficient

48

Tuasuifndusinudadene

1.000 — = -

® -

-1.500 ] - . L \
K N
-2.000 |

25 21 19 17 15 13 11 9 7 5 3 {1 2 A4 6 & 10 §2 14 tg 18 20 22 25

$ail (cm)

= o A X 1o
U 4.14 anvinsiasuwastuamduiiiinouiuRadanay

J “r IJ - x t - o L] ! v
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Qg : 30 °C
AUy InA : 1,164 kg/m’
wiurhgudnmadad :0.15 m
Auitdierd : 0.0177 m®
Auuila :1.86x 107 kg/ms
AT :5.575 m/s
aavisfluad :5.233x10*
A | inil arwidail A3 Hfuilldnsw
§1l (m) rv{u-v)
(mv/s) | (cm) 535U C (m/s) | 3eu1u D (mv's) (m2}
118 0.118 5.833 5.833 0.000 0.002
110 0.110 5833 5033 0.443 0.011
9.0 0.090 5.633 3,633 0.654 0.012
7.0 0.070 5567 2.733 0.542 0.009
5.0 0.050 5.367 1.967 0.334 0.005
30 0.030 5.333 1.367 0.163 0.002
5575 1.0 0.010 5.167 1.267 0.049 0.000
2.0 0.020 5200 1.333 0.103 0.001
4.0 0.040 5.300 2.000 0.264 0.004
6.0 0.060 5533 2.567 0.457 0,007
8.0 0.080 5633 3.600 0.586 0.010
100 0.100 5.800 5.000 0.400 0.010
108 0.108 5.800 5.800 0.000 0.002
e 0.074
Drag Force : 0.545 N

Drag Coefficient: 1.701

4.5.3.2 3msAuamat Drag Coefficient

o & v < = 14
1.) madmnuniuilsng v U 4.13 TesAmavazaiiiiduuin

X .;d d 1 v
FNANATT NTITUINUN maaumm;‘; A =-—-X(NﬁU'Jﬂﬂ'\Hﬂ'tl\J‘]U) b4 q\'l

2

A5l 1 fu 3

Y 1
wld A = Sx (0.163+0.049) x (0.03-0.01)
2

- 0.002 m’

@.5)
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2.) NMIANIUMIAT Reynolds Number

INFUNIS Re = pvD (4.6)
M
A 8] AT IMIA = 5.575 mv/s

duehgudnarsfariinay = 0.15 m
e gaaiRvetemaiinnuduussetma i quugdl (T = 30 °C
3
p = 1.164 ke/m
-5 2
j = 1.86 x10 Nis/ m

1.164 X 5.575X 0,15

qelel Re = -
1.86 X10
4
= 5.233x10
3.) m3AuIn Drag Force
R
NaUNI D =2 7p _[ rv(u— v)dr 4.7)

0

¥
= 27p x Audildnsmiduuan

=2 x1.164 x0.074

= 0544 N
4.) n13AN Drag Coefficient
NNANMT Cy = ~2—]?—— (4.8)
pV’A
. y1 1
TnoHuiivasiad A = —D'==x0.15 = 0018 m’
4 4
2X0.544

e Cy =

1164 x (5.575) X 0.018

1.701
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4.5.4 Winuiluudl Drag Coefficient AldamnmsAnafunanmaassiifenn

Uftiinsmisluavesen (2]

Circular disc

Hemisphere

Streamlined shape

e RN o | N SN |

40 50 60 70 80
Reynolds Number/1000 (1

31]1'0' 4.15 nuandan Drag Coefficient 7 Reynolds Number 91149

9INNSAIINA Reynolds Number filéiviniu 5.233x10° wazen Drag Coefficient
whitu 1701 dlatsueuitouTuzuil 415 wudaidleds Reynotds Number ity
5.233x10" a¢léAh Orag Coefficient Tnran1svmaesitldonuiRnisnsivavesatnin (2]

) , ° ] v o =
Uszanm 1.8 auitudnn Orag Coefficient fildonnisdunaiialndifssiumanisnaaei

Tianujjiinisnisivavesaima (2]
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4.6 apunanmianel

PINMIARBIkAEIATIENG Lﬁagn'rmlé'uuuﬂm'ummmL?‘J HAEMIATUTIAY
omefinty wlerigunsedarasnan imnuda 5,575 mys Jusssinuvaasusendu 2
szuu Feinnnunafiseutu C uas D swssesial 3ndw 1, 3,5, ..., 21 cm wasdnemn 2,
4, 6, ..., 22 crn FWAIWY HamVABDY WuIlugadadl 0-8 cm szutv D flAAnSaviee
ndszuy C agunn iesngunssfiadisnanii¥all 7.5 cm wandifiduidumdsgunsedar
2naiinisivavasoniaiitoosin Tudiedadl 8-13 cm Aruiiiszuty D frmduinnoud
mdagandnseuu C lesnnlugnififunmuiiidsinuinameugunsedadanas one
Wamsivaniuvesaniavilinsinasundsgunsedansnaniinanaasnnisnumiy
uazlugedril 13-22 cm W 2 ssuiimudmbiananniign

dibeuhitldanszuiu € way D udwInmIm Drag Coefficient wuduile
Reynolds Number fidwviniu 5.233x10" 9¢1#d1 Drag Coefficient 91ntan1vaaasfildain
UjURmsmsivatesennie (2] Ussia 1.8 #s9nm1sdammian Drag Coefficient Ald
NnnIvaaes axldvindu 1701 suiiudadt Drag  Coefficient filfannisdwaaiiil

IndiAsetunanimaansfilénnuiifinismsivaveseinia (2]



unit 5
dyduastaiauauus

mswangaufiansglusday Inewaundaidesinlasiunisisiganagey
fuansuinidnvenneiuss wazans Adaviduitslivaasufaiuairuindniliedy
AnAdanN 3-5 m/s ua3mu1'snﬁﬂﬁ"qﬁunu'lud'aul]ﬁﬁ’ﬁmwmﬂ 0.5mx1.15mx05m
WU

el iganndeugluedaniitivszansam nsléauligundudou Tldvhms
Yuuglasnishindagniasiaiiudglusdan iddumiuauildueiniaunsoanun 7.5
x 7.5 wins uardanisadeuiifuiglusdauissuiunaaey saildninnisuiulpg
vaaauglusday Aeannsandeutiolfnudsinis duniniaundoenfuyaduiidalaiy
ailn Snanisnnensonaniild uazsrsdsuusazsuannIaWABUR IRl
avaIn

nsmAgaunININTEIef T e mAluldszuy Welfilugadedaluies
nadeu lnswdiminageusentiu 3 ssunv uazly INVERTOR Tunisufummi$isauvesin
anr wudwha 3 sz e aedetidailndifusiy widsruau ¢ Sadnndoau
nnsgIutiesiign uanvirdauminmevesmmireneinnnsuuty dafuddd
ssun C Wugahndlinaanpdey

n'ﬁmaaetﬁ'aqnmﬂé‘auuﬂaq'umﬂﬂm%':a'ln'm tﬁamuwwﬂﬁaﬁwnau wasnl
AusdueImATARTY RS 5,575 m/s duinsvaaesdasusssunumadoveantfu
2 v Aesrutu C was D ismnnsmumiuasudsdaiinay nanisaasmuiily
ssughwigamnaeuitaudmaudaienan Anuiftsunu D fimmnitieuniiseu
C aghnn wandbivhuiundsgunsedadnauiinsivaretsemaiiesn wazluthveu
fiariaanan Armndaisauy D 'Wﬂ'EIU']flﬁ'J']lJL%‘]ﬂQ%Ui)uﬁFi'li“‘Nn".l"ﬁa'u‘]U C iWiassnauia
mslwanuresemimiilinsivaduduiunveuvesgunssdaiinasiiananianonit
gumih

ilammdaitidnnsauiu € uas D anANnaMAY Drag Coefficient wuiniila
Reynolds Number fidnwinifu 5.233x10° A1 Drag Coefficient 9ansan1mAaasitldan
UjiRnimsivavesemia [2] famsene 1.8 annisdnaumisn Drag Coefficient
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énmsnaas Eldviniy 1701 siiudasn Drag Coefficient fil@vinansAtunila

IndiBesfuranisvnasaiiidanufiinisnsivavessine [2]
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HANTINATDUAIBNTIDINTA

J o Alu [v)
M1 1 UARRAATINLIMIAINNTTIA

PAnmss 3 m/s
U V  |Vmax|Vmin
erstons armhiviswumile(m/s) /o lmislmys) #1 SD
2,5] 2.8 [2.8313.03] 2.8 |3:07.3:: 3 |3.03|2.93|2.87
267|293} 3~ 3:0713.0313,0713,03|5dd 2.9
2.712.73]2.87|12.83] 3 2.8 12.83
| 2.6 §2,77] 2.9 |8f k4] 2.93
2,671 2.9 12.87] 2.9 3:07]2:97|_ 3. 12.87
A |2.97) 2.8 |-8ids i 13:07|2.9993.433} 2.5 |0.183
2.9 13:07 -
2.87{3,03]-3:1= ' e 3.03[2.83
2.9 |307]3,0313,08 303130818071 3 [2.73
2.73|12.93/2.87{2.97| 3 [3.03] 3 | 3 [2.93/2.93|2.63]
2.63|2.77{2.77| 2.8 [2.97|2.87] 2.9 {2.93]2.77| 2.73]|2.67
U Vo |Vmax|vmh |,
.y anuhiswmis{m/s) (/s | (m/s)lmis) A1 SD
2771 3 | 3 1293] 3 {29]3,03] 3 3 |2.77
2.9 ‘ Eal 13,0713.07)2.97
3|3 3,03]5:0512.03[3.03
2.9 |81 elaledfls] 3
2,93 13,03 2.9
8 |2.93] 2,97|3.0823.333] 2.7 ]0.139
2.97 2.97
2.93[:3: 15
2.93| 3 [2.97|8.T3% ]
2.712.83] 2.9] 2.9 2.9 | 3:07]2.97] 2.
U V. |Vmax|Vmin
e anathdsuwis{my/s) (/) mys)|m/s) @ SD
| 2.9 12.87| 2.9 |2.83|2.87|2.97| 2.87]| 2.87]|2.93] 2.8 | 2.83
2971 29] 3 [3.03{3.07]3.07] 3 |3.07] 3 [2.97]2.87
2.9 |2.93]3.03).3,1- : 312929
[ 2.9 ]2.97 0 307 3:113.0
2.93]:3:4: - 513,
C |2.87|3.03{; B 3.0713.017] 3.3 | 2.8 |0.122
313 : 3.
2.9]29]3.07k.34" 3.1.13.03] 3 |2.87] 2.9
2.87] 2.912.97] 3 gaa 2.97] 2.9 |2.83
29(29/(293(2.87] 3 [2.97]2.97]3.07|2.93]2.93]|2.93
29]29| 3 {29]253|2.83] 3 }2.87]|2.83] 2.8|2.87
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finnnda 4 m/s

U V {Vmax|Vmin
oL anuhddumla(m/s) i) lmfs) | mys) #15D
3.73|3.6713.77| 4 | 4 39 39 ?“=39 3.87|3.77
3.63] 3.83[4:03 [FE1814.07 | 407 4:03 | 4 1383 3.9 (4,03
3.63|3.83]3.87|4i07 14.0313.93
3.7 [4.03 - 397 3.93
3.771 4 ' 4 13.97]| 3.7
A |3.83]4.03] 3.9 ~4[3.9 4 3.8 3.9 {3.992|4.333(3.633|0.158
3.9314:07 Z]3.9 [ 3.9
3.83] VoA ER B0/ AL 4,034.03
3.813.971 4 | 4. 4 : 3.9 3.8
3.73]3.87] 3.9 [4:03|5451¢| 4,03|4:0314.03]3.93] 3.9 |3.77
3.67] 3.813.93]3.93] 3.9 |3.87]3.97{3.8713.77) 3.7 | 3.7
‘:::‘::l armnhildumli(m/s) (n:;s) rr'nnlas); ymm;s‘) A1SD
3.93[3.93]4.03] 3.9] 4 [3.97]3.97]41]41! 4 | 4
3.97] 4 |4.1 [4.171d2%14.13]4.13] 4 [4.13] 4 | 4
3.97]4.07]4.13] 12 4 Ayl 4:2] 4.1 |4.07]4.03
4 |4.07] 4.1 |1 41]41] 4 [41] 4
3.93] 4.1 |45 4.17 42141 4
B |3.87]4. A |4:17 34.03 407! 4 |4.084] 4.4 |3.867]0.126
3.9]4. 1 (417 4.13] 4 | 4 [4.03] 4
4 14.07]4:17] 4.1 4,1314.07] 3.9
3.9 [3.97|4.07|4.13| 4. 4.1714.03]447] 4 | 4
3.93] 4 | 4.1]4.03]4.03] 4 ]4.13]4.07]4.03] 3.9 ] 3.9
3.97]3.93[3.93]3.9714.07{4.03]3.97|3.97] 4 ]3.9]3.87
FEUY V  [Vmax|vmi |,
s, anuthdsuvde(m/s) /o)l sy |csy [P sD
3.83[3.9313.97]3.93] 4 [3.93] 3.9[3.93] 4 |3.9]3.93
3.83| 3.9 | 4 [4i{|HE18]4.03 4,07]3.97]4.07] 3.9
4,071 41| 4
4, 4
c [a, a1 3.93| 4.05 |4.267]3.833/0.119
A E5G 4.03
3.9[3.93] 4 4,03]3.97]4.07
3.97|3.93 4.03 v4:1:14.03] 4 [3.97
3.87]1 3.9 4 141 14:33]4.07]4.03}:4.1.|3.97]3.93|3.93
3.83]3.93[3.97] 3.9 [4.03] 4 [3.93]3.97]3.97{3.87] 3.9
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=
i 5 m/s

U V  |Vmax|{Vmin | .
e aruhdsumba(m/s) /o)l mis)|mss)|™ SD
4.57] 4.6 | 4.9 |5.07]5.07[5;18|8:17) 4.97]|4.87| 4.87{4.63
4.67[4.77(4.93] 5 | 5 1&WA16:17]4.93]5.07|4.97(4.77
4.73|4.87|4.87 115507 5 [|5:13]5.0714.87{4.83
4.7 4.7750 5934935 ‘497473477
4.674.93| 4.9
A [4.8]5.03 497 4.8 497 s[_ 493 4,9 14.97 4.9 14,983 |5.467(4.567(0.178
47148] 5 . 4.83
4.771 5 |5.07 -5;_ ? 4.87|. 5.1 54| 4.9 |4.73
4.83]4.63] 5 [5:1315,07 2i0715,07) 5,1:14.974.87
4.8 |4.73|5.03| Bl 8,13 J. - 497 _@z 4.93|4.73
4.67]4.83] 4.7 503 5 507|538 5.1 14.97] 4.8 |4.77
U V. |Vmax|Vmin
ol amhddunda(m/s) /)| /)| mis) d1 SD
48|49]| 5 |5.03 497 5.03[5.03| 5 507 51148
4.914.9]|4.9}51 |BX 5.0 5.1 15.03]4.97
4.9 |4.93]5.07|BRa e i 493
4.93|5.03 .0714.97]4.93
4.93| 5,1 |5:13 5.07| 4.9
B |5 |.51]54: = 4.97/4.97] 5.08 |5.3674.767]0.148
4.97|5.03[5; 5
4.9 /1 5.07. 1] 8,1.14.97
4.93] 5.1 |5.07{5R-5.1 [GiFes| 518 5.1.| 5.1 14.97)4.87
4.83| 5 [507]5.07] 5 | 5 | 5 |5.03/4.93]5.03{4.87
4.87]4.83]4.93|4.9714.934.9314.97]4.93] 4.9 ] 4.9 |4.77
U V  [Vmax|Vmin
ik, anuhdswmle(m/s) (/)| (/s lmis) 1 SD
4.83[4.93] 5 [4.93] 5 |5.07[8i3] 5 | 4.9]4.93]4.87
4.93 507|588 s |503] 5 | 5 [4.87
4.83 5l Bl 5 [4.93]4.97
4.97 5.03] 5
4.83]4.93] 5 5
C  |4.97]4.97| b 5025/ 5.3 | 4.8 |0.12
4.87(4.97 B.07 BRZCS]5.07 4,93|
4.87| 5 |5.07|°51 5 [5.07]4.97[4.93[ 4.9
5 14.97] 5 |5.07|B%8]5.07|BEI8]5.07]5.07|4.93/4.87
4.87|14.93] 5 [4.93] 5 [S5.03] 5 | 5 [4.93]4.97] 4.9
4.83]4.93] 4.8 | 4.9 ]4.93[4.97|4.87] 4.8 | 4.9 }4.83]4.93
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J [ 2 (7] 18
M5l 2 aritldanmisintalildes

<
Mivuu C

LU

natay Armthsumds(m/s)

(m/s)

Vmax

(m/s)

Vmh
{m/s)

A1 Sb

5.03}14.77]5.17] 4.9] 4.6|5.33}-5.5]4.87|5.17

5.07|_5.1|5.57(8%72] 5.13{_4.8]5.27{8107] .67
03 5.1 5158

5.4|543]  5|5.17/'5:471 543|557
5.33|I6162} 5.07 5.43] 5. 336
5.07] 5|B63] 5.07| 4.67[5.43] 5.43] 5.23

1| 4.9/4.93] 'I5;4 5.3|: 56| 5.37
5.13|5.13|5:572|"5:8] 4.3] 5.215:53]5.13|=

5.3]14.87

4.97|4.83|543| 5.3]-816]5.27 5,13};

_5
4

547 5.417

5.37

5.2):5:b7 5 28|-'5;814.97] 5.13|5.43] 4.83

5.27

6.3

4.3

0.387

U

Foe anuhdduwl(m/s)

Vmax
(m/s)

VYmin
{m/s)

@1 5D

5.6

3.467

0.442

U

weoL Anhvduwli(my/s)

Vimax
{m/s)

vmin
{(m/s)

@1 5D

4.33)4183] 4.13] 4.4] 4.6/AEE(E07
3.87| 4.3]3.97]4.17]4.37] 4.5[4.37|54i] 4,

4.5 [
4,73 4.43 4.3|4:73]4.67|4,73] 4.47|: 4.7
4. 77¢4. 771 4.63] 4.6] 4.4] 4.5

14:63 4.67 A FIHI97] 4.27 4.47
4 4.6/@10Y] 4.47| 4.57|4

4.1314.33|. 4;7| 4.2|4.53| 4.3|4.33]4.57| 4.43|4.57]4.37
4,7:14.57| 4.3]4.47 4,07]4.17] 4.2]4;67| 4.33| 4777 4.62
4.5/4.57|4; 2l 4.63] 4.17
477 4.5] 44| 45 : 4.23|4.37
4.53| 4.1|4:7714.43] 4.2[4.43] 4.3

4.114.37

4.53

5.233

3.867

0.301
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NIIVAREY : WNAUDINIATINYBRANTINAY

Faquazded : WeTaussusimasuuzUnsdadne
d - o ¢

\wIsaliaunasiaggunal ;

1. glinAan

2. Aarnay @ugudnats 60 mm

J L
JUR 2 Aarenay
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3. Pitote tube

3Ufl 3 Wa¥auuu Pitote tube

4, awInAIUAY

al [ [v]
JUN 4 arsInA iRy

J o - '
5. ipsesmuuaiined (manometer) U testo 510

P o a
U7 5 idpsinunuaiines (manometer)

63



nnug :

64

E o o
6. wIauAMG Invertor

gﬂﬁ 6 Invertor controt

aun sl (Momentum Equation)

ﬂNﬂ"I'SINL!J‘IJB'!&I'UUWPNU"I!.I'I'i)'mﬂQﬂ'ﬁlﬂﬁau‘Vl‘UBﬁ 2 983UInu ?‘lqan‘umsw

& -t ] - (Y] .
Wunuguniigade nasiiasenluaudindady (Linear Momentum)

d(mv)
dt

F= (1)

o v ¥ -
9nann1s Reynolds Transport Wiauviu B melutiudiuiduduy mV was b

. L - v & ) Y| v
iAo intensive properties YasrmamRRUUIUMEluindadusiona LS
P

uvvasluaunisdananoxla

dB j dB j bpv dA

—_—= — 4
dt

syslem coatrol volume dt contml surface

%: [ ebav+ [ bepvda

syslem control volume control surfsce

d-Z‘?:% j pv dV + J’ VpvdA

control volume control surface

v dmv d _ —
aula ZF=T=E j pv dV+ J' pVV dA (2)

control volume contol surfice
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v - 13 Y d v - w
usaituenmuugUnsImsnuannasinisdunludnvusindeadieiu juns
apsiflaenslingulnavdntunisarumniinng

o Y w ] < Y
ﬂ'ﬁlﬂﬂUuuﬂﬁQﬂmi']n'ﬁ‘lﬂaﬂﬂ'ﬂ:ﬂl”umﬂ WUNITTINNSIUABULYEIYe9OmTIN S

Ivavodamdurnsanaud@il r, nha dr:

r = ssgsiniivesfananau
R = Angavinged r
u = AMUSUWN
v = ANUTIR NS
D = Usaiion A
1891
R
D= IZm*pv(u — v)dr (3)
1]

' o v v
AduUsEAnsusIYeIna (Cy) awrsamitdaanaunis

D=1C,pV’A @

e D= usauenia
p = ATMUUIIUYDIINA
V = prnudadassyesamd
X A v v
A = HUABMUMINTBIFUNT
£

Cy = AUssavbusamiuennis
[
YUADUNTIVINADY :

= 3 - [J ” a
1. AindaliaanannaluUgMYRIdIUMAdeULasAIRINAULNUYEINITIMA
- ] . J 3 -t 1/ ot
2. fimfy Pitote tube fidauvnasvlagdriniunisivaveseinia wasldaeinalnu
o 1 . v P v
dusaidleu Pitote tube WiurIosTanIS A
- £ ar v oo a J LY =
3. Waainanan Inoliiaauihewimimiagegalivssne 1 uw
v o v e
4. SApuSITsEuIY C was D muszassall ndhe 1, 3, 5, ..., 21 cm wazdnun
2,4,6,..,22 cm ANEWMU
o - 1 &
5. vuinranas1ealul



a5 eduinKa

AT
{m/s)

il (m)

raniafanu ¢ (v

mudaihizu 0 (avs)

L

w2 | ofafis

iy

e

nfafl 2

nhﬂa

5575

0.21

0.19

0.17

0.15

0.13

0.11

0.09

0.07

0.05

0.03

0.01

0.02

0.04

0.06

0.08

0.t0

0.12

0.14

0.16

0.18

0.20

022

66

6. UnaIngl Invertor wazwnay wdrneaguniaiinaimniiaudvimnaianinan

d v o
DONUNAULYN

Anssvinanimaans :
TALAIINN1SNARBINIAIINWIAN Drag Force uasen Drag Coefficient Wdn

Annsinanisuiouiusanvaassiidonifiinimsivavesenta (2]



40 % 80 70 80
Reynolds Number/1000

7 i1 N Y- YRS

Circular disc

Hemisphere

Streamlined shape

ns1MuanIA Drag Coefficient i Reynolds Number 91799

oNEIdeda

67

[1] TE 43 MODULAR AIR FLOW LABORATORY EXPERIMENTAL MANUAL, Ptint & Partners

Limited, Oaklands Park, Wokingham, RG41 2FD, UK

[2] nafansvadlva (Fluid Mechanics). dudwile 18 Ravaen 2556, 10

http://www.elearning.msu.ac.th/opencourse/0300365/content_ WEB/unit3/unit3_4.ht
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GR U TalIC T (R AR I B
. g . arumilnead | dmsududes
gaungil Jo, nain

) 3 Y v ¢

0 (ke/m?) m f
(N.s/ m) 2 {(m’/s) (m/s)
{N.s /m’)

220 1.395 13.68 163%x10° | 1.17x10™ 319.1
0 1.292 12.67 171x10™ | 1.32x107 331.4
5 1.269 12.45 173x10° | 1.36x10™ 334.4
10 1.247 12,23 176x10° | 141x107 337.4
15 1,225 12.01 180x10> | 1.47x107° 340.4

20 1.204 11.81 182x1050 | 151x10°° 3433
25 1.184 11.61 185x10° | 156x107 346.3
30 1.164 11.43 1.86x10™ 1.60x 1072 349.1

a0 1.127 11.05 187x10° | 1.66x107° 354.7

50 1.109 10.88 1.95% 1072 176% 107 360.3
60 1.060 10.40 197x107 | 1.86x10™ 365.7
70 1.060 10.09 203x10° | 1.97x10™ 371.2
80 0.999 9.803 207x1072 | 207x107° 376.6
90 0.972 9.533 214x10° | 220x10™ 381.7

100 0.946 9.278 217x10° | 220x107 386.9

200 0.746 7.317 253x10>2 | 3.39x10™ 434.5

300 0.616 6.000 298x10> | 3.48x107 476.3

ﬁm Bruce R. Munson and Others, Fundamentals of Fluid Mechanics, an
editlon,John Wiley & Sons, Inc.,New York, 1994,
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Short manual testo 510111

Short manual testo 510
(D Protection cap: Park position

@ Differential pressure sensor _
nipple conneclion

@ Display
@ Control keys
®) Battery compartment, holding
magnets {on rear)
Basio settings
instrument off =-press and hold @ 25 - select with @(A),
confirm with &< (')

Unit of pressure/velocity: tPa, mbar, Pa, mmH20, mmHg, psi, inH20, inHG, nv/s, fpm
= Density of the medium (Density) = Auto off function: OFF, ON

Switohing the instrument on

Pross @

Switohing the display light on (for 10s)

Instrument on > press @

Salect display mode

Instrument on = selact with @ :
Current reading =- Hold; Readings are held - Max: Maximum values - Min: Minimum
values - Hold Avg: Timed mean value calculation, see below

Timed mean value oaloulation for flow

Pross & soveral timas, until Hold and Avg appear - Hold @ down
until - -- - appears > Releasing &4 starts mean value calculation,
the current readings are displayed > End measurement: press @'
the mean value is displayed.

Switohing the instrument off:

Instrument on =press and hold @ 2s.

T2



12 [Safety and the enviroment

Safety and the environment

About this decument

> Please read this documentation through carefully and
familiarise yourself with the product bafore putting it to use.
Keep this document to hand so that you can refer to it whan
necessary. Hand this documentation on to any subsequent
users of the product.

> Pay particular attention to information smphasised by the
following symbols:
@ important.

Avoid personal injury/damage to equipment

> Only operate the measuring instrument properly, for its
intended purposse and within the parameters specified in the
technical data. Do net use force.

> Never stora the product together with sclvents, acids or other
aggressive substances.

> Only carry out the maintenance and repair work that is
described in the documentation. Follow the prescribed steps
when doing so. Uss only OEM spare parts from Testo.

c Strong magnets. Damage to other instruments!
> Keep a safe dislance from products which could be damaged
by magnetism (e.g. monitors, computers, pacemakers, credit
cards).

Protecting the environment

» Take faulty rechargeable batteries as well as spsnt battenes to
the collsction points provided for them.

¥ Send the product back to Testo at the end of its useful life. We
will ensure that it is disposed of in an environmentally friendly
manner.
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Specifications{ 13

Specifications

Functions and use

Ths testo 510 is a differential pressure measuring instrument. It is
normally used to measure small differences in pressum (s.9. to
check filter permeability}, gas flow pressure measurement, fine
draught measurement as well as flow velocity measurement with
a Pitot tubs.

Technical data

Measurement data Further ingtrument data

+ Sensor: « Protection class: IP40
Ditterential pressure sensor - Ambient conditions:

- Parametess: 0..50°C, 32..122 °F
Pa, hPa, mbar, mmH,0, mmHg, inHG, - Storagefranspert conditions:
inH,0, psi, m/s, fpm -40..70 °C, -40...158 °F

- Measuring ranges: - Voltage supply:
0...100 hPa, 0...40.15 inH,0 ¢ 1.5Viype AAA

+ Resolutions: - Battery fife:
0.01 hPa, 0.01 inH,0 50 h (without display light)

- Accuracies + Dimensions:
{(Nominal temperatue 22 °C, =1 Digit: 119x46x25 mm (inc. protection cap)
+0.03hPa (0..0.30 hPa), - Weight 90 g (inc. batteries and

+0.05 hPa {0.31...1.00 hPa),

(0.1 hPa+1.5 % of reading) protection cap)
(rest of range), Directives, standards and tests
00 inHZO 0.012 inH;O). + EC Directive: 89/336/EEC
=002 inH,0 {0.13..0.40 inH,0),
+(0.04 inH,0 +1.5 % of reading) Wairanty
(rest of range) + Duration: 2 years
- Measwiing rate: + Wamanty conditions: See guarantes

05s card



14

oduct descrption

Product description

Al a glance
(D Protection cap: Park position
@ Ditferential pressure sensor

nipple conneclion

@ Display

@ @ Control keys

(&) Batlery compartment, holding
maganets (on rear)

o}

First steps

>- Inserting batteries:
1 To open the battery compariment, push the battery cover
down.
2 Insert batteries (2x 1.5 V typs AAA). Observe the polarityl

3 To closse the battery compartment, push the battery cover
back on.

>- Basio settings (oonhguration mode):
Adjustable Amctions

« Unit of pressureAvelocity: hPa, mbar, Pa, mmH20, mmHg, psi, inH20, inHG,
s, fpm
- Only if a unit of velocity is selected: .
Density of the medium {Density): Adjust flashing numbers with @ change to
the next number with .
- Auto off function: OFF, ON (instrument switches off automatically if no key is
pressed for 10 minutes)
1 When switching the instrument on, press and hold @ until
A and < appear on the display (configuration mods).
- The adjustable function is displayed. The current setting
flashes.

2 Pross@® (&) several times until the desired setting flashes.
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Using the producy 16

3 Pross €% (4=} 1o confim the input.
4 PBspeoat steps 2 and 3 for all funclions.

- Theinstrument changes to measunng mode. _
Using the product

H For velocity to be measured, the unit of density and density
value must be set correctly, see chapter 'First steps’, section
'‘Basic setfings (configuration mods)’.

»- Switohing the instrument on:

) Press @
- Measuring mode is opened.

»- Switohing the display light on:
¢ The instrument is switched on.
> Press @

- The display light goss out automatically if no key is
pressed for 10 seconds.

= Zeroing the measuring instrument:
) The instrument can only be zeroed in the range up to
10 hPa.

) Pross@:
- Zeroing takes place.

»- Changing the display view:
Adjustable views
« Current readiryg
- Hold: Readings are held.
- Max: Maximum values since the instrument was fast switched on or 1ast reset.
+ Min: Minimum values since the instrument was last switched on or last reset.
- Hold Avg: Timed mean value calcidation, see below.
> Press &< several times until the desired view appears.

16



16 'Jsing the product

»- Timad mean value oaloulation for flow:

1 Prass @ several times, until Hold and Avg appear in the
display. The last result of mean value calculation is

displayed.
2 Hold €% down until =--- appears. Releasing &= starts mean
value calculation automatically, the current readings are

displayed.
3 End measurement: press £ The mean value is displayed.
4 For further mean value calculation: hold down e
b End mean value calculation: press e briefly.
> Resatting Max/Min values:
1 Press @ several times until the desired view appears.
2 Press €= and hold until - - -- appears.
3 Repeat steps 1 and 2 for all values that are to be reset.
>- Switohing the instrument off.
> Press @ and hold untii the display goes out.

Maintaining the product

»- Changing batteries:
1 To open the battery compartmsnt, push the battery cover
down.

2 Rsmove used batteries and insert new battenes
(2x 1.5V type AAA). Observe ths polartyl
3 To close the battery compartment, push the battery cover
back on.
» Cleaning the housing:

> Clean the housing with a moist cloth (scap suds) if it is dirty.
Do not use aggressive cleaning agents or sclvents!
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Tips and assistance 17

Tips and assistance

Questions and answers

Question Possible causea/zolutions
HiorLo « Readings outside the measuring range {too high, too
low): Keep to the permitted measuring range.
E » Residual capacity -:10 min: Change batleries.

If we could not answer your gquestion, please contact your dealer
or Testo Customer Service. Contact details can be found on the
guarantee card or on the Internet at: www.testo.com

Accessories and spare parts

Accessories and spare parts can bs found in the product
catalogues and brochures or in the internst at: www .testo.com
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