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Brush Cutter

Chanyut Paradee
Tewan Chantanasotthi
Sittidet Viwantananut

Assoc. Prof. Thavee Teschareon Advisor

ABSTRACT

Recently Nowadays, we saw the cleaner who cut grass on a streetisle. They cuft grass by
a brush cutter. After they cut grass,the street has to be cleaned by the cleaner who takes risk on
car accident. Therefore, the air vacuum system will help to keep the grass while it is being cut.

The technique will be applied to another brush cutter and the equipment can be poerated
by a single cleaner. There is need for bigger engine because the suckling air force is generated by

a terbine, powered by an usual engine.
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Y a 2
anuaulauilia = V'p/2g (2.25)
d’ L ~a ~ 1 ~ ~ t:\,
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anuslauluszuune (wasAun) = 4.11J UGB, 2111 (2.26)
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A UAANIHAITHIT NI AMHUANINTFIY (Standard Specificatia)

2.2 nquf msmnnaluna

gﬂ 1 2.18 An axial compressor stage

Stator row

Eﬂ 2.19 Velocity triangles for an axial flow compressor stage
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3 1) 2.20 Mollier chart for an axial flow compressor stage

Rotor
row
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3 U9 2.22 uaaq Enthalpy-entropy diagram for compression

AUNITWANIUUDY Euler’s equation
Wm = U,C,-UC,
n30 E = (UC, UC,)g
nnmumasuanusa e C fnneiinaen stage 1A U=Uz=U

C 2, U - Crin)B;
C,= U-Cgan 3,

sz - Cxl: Ca (tan Bl- tan Bz)
E=UC,(tan B,-tan B,Vg  (W/N/s))
Wasua s deru lumeuvas anusimslva

E =UC(tan QL,- tan O )/g (W/(N/s))

26

(2.27)
(2.28)

(2.29)

(2.30)

. . ol .l
1031 2.20 511501 MAIU Tao1d Mollier Chart Tugifl 2.20 Faueumatifdenniag

Tyl uanaums Ireversible 1 Ismasuazamnas

9y
auy@ns Inaiiu adiabatic AAOA stage , hy,=h,, AoiuauMs 2.27 Houiy

W/m = hy,h,, (W/(kg/s))

oy

(2.31)



h,=h+ C*2=h+(C,+C )2
ud'ld

hg, - hy,= (h,-h)) +(C,,-C, )2 =U(C,,- C,)
M3®  (h,h)- (C,- C,)2U-(C+C )2 =0
Faaumsla

(h,h,)- (C 5~ C)(U-C )HU-C_ )2 =0

(h,h JHW ;- W )W _+W )2 =0

(h,h HW,, W, )2 =0
uA o (WRW = (WAW,) v C, Asday

h+W,72 = h+ W2 (2.32)
NTUNIT 2.32 mmsm%ﬂmﬂu

h h (2.33)
Uszaninm lerunseta
m, = IdeallsentropicWorkinput
¢ ActualWorkInput
= (hmss—ho])/(hm-hm)
Saaumaiihi

02rel

N =10 (e I I TR o)

P, /P, = (T}, JT,)

031 017 \ " 03ss

@ ] v o
993 1dIUNMTOAN T U

Yi(Y-n
P03/ o [1+nc(T03'T01)/rm] (2.34)
v 49 Yo A o qw ad 4 < 4
wmmuﬂwnmaﬂﬁa wwHnNANAY wﬂwqmwgmwwuuazmwmwadmmﬂ%sﬂaauuﬂm"lﬂ

= ) 2 Hq v ¥ ' ad g P 4 'y a
auaNuFsany o813 lsiay e i llisinggungiin stagnation Windu uadusAmiiy
YszAnEmMu  Isentropic Hdeums 231 Woulumeuves gaimgiiuazyuusseImaminnmaaums
229 1ilu

(Ty;To) = UC,(tan B - tan B,)/C, (2.35)
Tupnufusiads ¢, vxlinsh sznffsumlashlawanunilua tazezdeandesium work

&
done factor (A) ¥av11d 1y

ActualWorkAbsorbingCapacity
IdealWorkAbsorbingCapacity

work done factor (7\.) =
vy
e

(Tgy~Ty) =A UC,(tan B - tan B,)/C, (2.36)
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3 1/ 2.22 Variation of axial velocity along a blade
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Work done factor, A
1=}
O
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3 1/ 2.23 Variation of work done factor with number of stage

REACTION RATIO 8as1dulfnsen dumsiaeumatlniwaiuluszuy

_ StaticEnthalpyRiselnRotor
StaticEnthalpyInStage

= (hz' h, )/ (h3' hl)

udezld

A
W3 hy, = hy,

(h,-h, )= (W, W,)2

fe

o Y

Aty & ¢,=C, ud
(hy-h,) = (hy;~hy)) = UC,-C,)

uNUA (hy-hy ) uaz (hy- h) Tuawmns 237

(2.37)
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wld R=(W>W,)/[2U(C,-C)]
=[(C+ W) - (C+W,))/ [2 U(C,-C,)]
=(W+W,) (W,-W,)/[2U(C,- C,)]
A C,=U-W, uazC =U-W, faifu
(C,-C.)=(W W)
Fufu R= (W, +W )2U
=C (tan B]+ tan Bz)/ZU
= (C/U)(tanPe)
= @ tanPo
Lf;EJ BOC = (tan B|+ tan Bz)/Z 11«!‘11343# flow coefficient L%qulé} wﬁf:

R =[1+Q( tan3, - tan OL,)}2 (2.38)

(@) R=05

(b) R>0.5

3 1/112.24 Effect of reaction ratio on the velocity triangles
dM3U reaction ratio =50 % UaA991 (h,- h,) = (h,- h,) UEAIT static enthalpy A UUYUNAY
4
d 1 @ o
Ju lulswesuazaamesiduiid B= o,

" vy
o o v 5 a 4 1 J
dMSY reaction ratio > 0.5 1eA331 [3,> O, static enthalpy niuluIsmesuanhluamines

o , . A & s ) ¢
M5 reaction ratio < 0.5 1A 3, < O, static enthalpy uaiululsinesiesni lumaines
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Cascade Nomenclature and curves

gﬂ‘ﬁ 2.25 Cascade nomenclature

Trailing
edge positions

=3
)
T

o
[S]
T

o
T

(Por -‘Pn)/O;S/)CT

1 2 3 4 k3 6 7
Distance along trailing edge of cascade

gﬂﬁ 2.26 Cascade deflection and pressure loss curves at one angle of incidence

Stagnation pressure loss coefficient = (P, - P,,) / 0.5pC |2
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Mcan deflection, ¢

Y 0075
Us)
o
=
< 0.050 |- Twice 40
'.; Minimum pressure loss minimum
S
0.025
1 Ik 1
-20 -1I5 -10 =5 0 5 10

Incidence, i (deg)

510 2.27 Cascade mean deflection and pressure-loss curved

v

mO(s/c)™? (2.39)

O
Il

I

m = 0.23(2a/C)"+0.1(QL,/ 50) (2.40)

Aa J P o o . & o v
a Lﬂuszﬂzmn chord 5&ﬂﬂwuuﬂmnasmn‘wqﬂﬁmm circular arc camber line sz e (2a/C) =1

Cascade Life and Drag Coefficient

@ ’ @ a A s v
?Jﬂ‘ﬂﬁ')'l&ﬂ’liﬂﬂgﬂﬂ')‘ljﬂlﬂﬂﬂ Y5TANTNMNVBIAAT  INNITIANANITNAADINAANT VD (Pm'

Poy)

91N

: o a & [ a 2 = J o
FaFulszAntuseon (C) uazdusz@nsusega(C,) Fwzwdsuulawulumuaduyes

50
s/c
0.5
K /0.8
B 1.0
< 1.5
g %of
[ =4
A
° L
5
= 20
£
E
s L
4
10
0 2 1 Il 1 s 1 i
- 10 10 30 50 70

Air outlet angle, a, (deg)

3 1J#1 2.28 Cascade nominal deflection versus air outlet angle
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Tusia 2 1u A1 chord ¢ LA pitch s Sauansugln 229 hda 1 uaz 2 urasriny

o o w v g 2 a ]
AU P, LD P, Muaiay ﬁﬁ)ﬂﬂ'gﬂﬂﬂﬂﬂ1ﬂ31uli')‘ﬂﬂﬂ C, uag C2 ‘]N“hJﬂﬂﬂ'ﬂlJ‘H‘lﬂ!luu

,/ (o3

2

3 /%1 2.29 Forces and velocities in a cascade

anuduadnznldon ldamunsesluiauaasdTag

(P, P) =pP(C-CH2 - (B, —P,) (2.41)
vuzdi B, >p,, e liflounsiiluianaziiums Tvauwudeundulila

Ar=p(c-cHnr-P, (2.42)
e  Ap= (P,-P)
1nay ;‘):(Pm =]

wanmmuﬁQ“/Tywm'ﬁﬂs:sﬁﬂuﬂ?mmmugu lufiema X waz Y ezdesiimenlaou
wilasTunduTssommzdewifua 2 fimne Ansan lufirme Y deudaile c, asfiaz i
SaudalAountas 10 1 8 2 Juiimme Y uazes hifl TwanduGounlas dafu faiy
dmsuminsuessveluwa

L sin Oleo - D cos Olgo- sAP=0
ﬁ%‘lfu D=L tan Ol - s/AP/cos Ol (2.43)
Tufiemie X aamisaddounn ¢, M,

L cos Ol + D sin Oley = PCs(C,- C,))

= PCgs (tan O,- tan )
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Saaumsld

L= (pC:s/cos Olo)(tan O - tanQL,) — DtanOleo (2.44)
unua Luaz AP luaums 2.43

D= [(pCazs/cos(Xw)(tan(ll- tanQL,) — D tanOleo]tanOloo - (s/c0sOloo)[ p(C,Z- sz)/2— ;0—]
1as

D=(1+ tanz(loo) = (pCazs/cosaoo)(tanG.l- tanQL,) tanQloo - (s/c0sOloo)[ p(C,z- sz)/Z-F0 ]
VINauMINRAtiamans

(1+tan2(X,oo) = secz(loo , g tanOlyp = (tanQL - tanQL,) /2
Futy

D/cosz(loo = (pCazs/IZcos(Xoo)( tanOl - tanOL,)( tanQL + tanQL) - (s/cosOloo)[ p(Clz- C;)/Z - E ]
uaagla  fe (C- C,)/C (tan’ QL - tan’QL,)
ud
D/coszaoo= (pC:s/Zcos (loo)(tanz(l]- tanzaz) - (pCazs/Zcos aog)(tanz(l,- tanzaszFo /cos Olgp)

eamouns AALFTY

D=s FO cosOle
117 drag Taw 0.5 pCazc 1 drag coefficient

Cy=2(s/0)( P, /PCo0)c050lcs (2.45)
WA Cop=C/cose 8 C,=C,cosQ, v ltumu Tuerums 245

C,=2(slc)( Fo / pClz)(cos3(Xoo/cos 2(X,) (2.46)
Snuazadoiuiu c, Taomsunuc,  TuDuaz AP luaunis 244 14

L = (PC,’s/cosOlep)( tanCL - tanQL,) - {LtanOlg- (s cose)[P((C, - C,))/2 - P, 1} tanOly,
ua

L=(1+ ta.nZCl,a) c (pC:s/ c0sOleo)( tanCL,- tanQL,)

+(spC:/2 c0osOlLoo)( tanz(ll- tanz(Xz)tanaoo -(s ;0/ cosOleo)tanOleg
L= (pC:s/ cosOloo)[{ tanQL - tanOL ) ( tanzal- tanz(lz)( tanQl + tanQL,) /4]
-(s E cosOl)tanOloo

= (pC:s/ cos Oleo)( tanQL - tanOL {1+ tanOL + tan(L,)’ /4] - (s P0 cosOlo)tanOloy
C,=L/0.5PCq’c = 2Lcos Olo/PC,’c = 2Lcos Olos/ PC,’c cos’ L,

C, = 2(s/c)cosOle (tanQL - tanQL,) - 2(s/c)( E /pC ]2)(cos3(loo/cosz(l,)tan(loo

=2(s/c)cosOlop(tanQl - tanQl,) - CptanQloo (2.47)



Lift coeflicient, C,

0.075

0.050

Drag cocflicient, C,,

0.025

—020 =15 =10 5 0 S 10
Incidence angle, i (degy —

3 19 2.30 Lift and drag coefficients for the cascade from Eqgs. (2.46) and (2.47)

=1 v 3

M3 191A NG C,, HAZYNAN § 1AZUDINIATT Ol AITIUATNITON

O,=0+i,am150m1 € 1A Oloo=tan [ (tanQl +tanCL,) /2 ]
2
%9 a,=(0,-€)
Yauziiis) NI (s/e) MYes P, /0.5pC,
o a & Y A a @ o :/‘ =* {l
dulszAnsusmatoninnieiouny C, Aviuaums duiu

C, =2(s/c)cosOleo( tanQL - tanCL, )

i T

Lift coefficient, C,,
>

s/c
1.5
L 1.0
0.5 0.5
0 L | L | L 1 .
-10 10 30 50 70

Air outlet angle, z, (deg)

3 1J% 2.31 Nominal lift coefficients for the cascade

(2.48)
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Annulus drag coefficient

Cyp=0.02(s/1) (2.49)
vaizii 1 fo anugaveslua
Secondary losses C,s=0.018 CL2 (2.50)
Has I dulssAntusenane

Cor= Gt G+ G 2.51)

3.1 mamalua -
Faguugiiemendn 30 °C =303 K, Tngaumgiieiniresn 33 °C =306 K, It STP
D =123kg/m’, 0 =145X10", C,= 1.005 kl/kg X, C,= 0.718 kJ/kg.K, Y = C,/ C,, Y = 1.4,
m =PAV =123 XTTX (0.1’ X25=0.97kg/sec, d =02m
AMuEI50UAAT 6000 RPM
AT AN IMsYAIRE TaqAnTigAlrEAzZA 5000 AR MY 25 misec
Work done factor 91nA5 1 2.23 IAuN1AD 0.98
amuanavluiia (6000 RPM , 57l lusia Aadinanatsluiia = 0.0675 wns)

U = 2Trn /60 = 2T X 0.0675 X 6000 /60 = 42.41 m/sec

nglit 221 MvualiAnsanfienandhduiuifuiiameatesn MuuaR =05

T\ \i: @ XUCa(tanB;tanBz) /C,
3 =0.98 X 42.41 X 25(tan3 - tan3,) /1005
tanBl- tan[?)2 =29

NAUNS R = C(tan3 + tan3,) /2U

tanBl+ tanB2 =1.7

Y
UATUNIS
0
B,=665°=a,
0
B,=2181°=
INTUNIT C,=C/cos O,

C, =25/cos(21.81)
=26.93 m/sec
2
T, =T,-(C,’/2C)
=303 - (26.93°/(2 X 1005) =302.6 K
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auydns Tnadunuylewunsedn Idaumsidiu p e, = (1,1,

,=101.3 (302.6 /303)™” = 100.8 kpa
9N P=pPRT
P, =100.8/(0.287 X 302.6) = 1.16 kg/m’
A=T0(d") /4=0.0314 m’
Blade height(h)
H=A/(2Ttr,) = 0.0314 /(2TC X 0.675) = 0.075 m
e'=0, B=66.5-2181=447°
wazliynermeaeen [3,=21.81°
gl 228 9z 1ds/Cc=04
RN S § r=0.035 m.
712105 =27UX 0,035 /2 = 0.109, C=S/0.4=027m
71310S=27TX0.035/3 =0.073, C=S$/0.4=0.18m
71410 =27 X 0.035/4 =0.054, C=S/0.4=0.13m

A O 910 aums O = mO(s/c)"?

, m=0.23(2a/C)’+ 0.1(CL,/50), O =0L- QL
a 5202910 chord ﬁwwﬁﬁym;¢1mna§mnﬁq¢1 113U camber line ﬁﬁ‘lu circular arc camber line
(2a/C)=1 %Qlﬂumﬁfl‘lﬂf}ﬁ"ﬂﬂ ua:ﬁ mean radius (O, for cascade = Bz for the moving blade )

m= 0.23(2a/C)2+ 0.1(CL,/50) = 0.23 X 1+ (0.1 X 21.81 /50) = 0.27

(1/2)

Mnaunms O =mOs/0) " =0.2704)"”,0=01710

Camber angle

0 % oo,
= oo, +0
= o~ +0.1710
ynammﬁﬂm%ﬁ (QL,) = compressor relative air inlet angle (Bl)
0 = o,-0,+0.1710
= 66.5-21.81+0.1710
= 53.9"
Stagger angle (g)
C = o,-(©0r2)

66.5-(53.9/2)
39.55°

I
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