
cv d cv tI
TU'Vl 24 fl'lJfI1'W'U1i 2555.

31
'I1'Cl~ 8104 (02), A401 (02)

.
fhff~

V I Vd cvt!l qvt!I d cvt!l
2. 'IJ'Cl1:1'mHlI9l(l~'IJ'Cl'lJ5 19l1t(l'Clfl t'I1t(l'Clfll9l'Cl'lH'WtJ~ 1 19l1t(l'Clfl

v 0 ~ ~ V v
3. 'I1l'lJ'U 1t 'Clfl1:1'l':i U(l~tfl ':i'Cl~f119lt(l 'IJt'IJI'll 'Cl~1:1''Cl'IJ

..
'Cl.1:1''lJ'IJ':iW

OJ

cv tlcv et
~':i .!l'U'U~mfl~

'Cl.1:1'':i111i•

cl

'Vl1fl(l•
n 1:1'1:1'~ 1flfm

U'U'Vl~{i19l•
31

"!'lJUfl1

1':i1WJflW~t1. .

t'Vl'Wty1

lfl'U1:1'~l~
,,1

UG)f'Cl~



o

1. l'nffllll'Hl'Vi1~ll~ i~\J1fi shear stress-strain diagram

fi. Modulus of Elasticity

31
.:I. tlfi'VIfi'IJfl" .

"" 31'l. H~'VJfi'IJfl

2. ~~ i~ i'UmlvJ~U'ff~.:I~l ultimate shear strength

fi. ~~ A

'IJ. ~~ B

fl. ~~ C
31

.:I. tlfi'VIfi'IJfl" .
"" 31'l. H~'VJfi'IJfl

3. ~~l~i'Ufi·nvJ~U'ff~.:I~l shearing proportional limit

fi. 'l~ A•
'IJ. 'l~ B•
f1. 'l~ C•

31
.:I. tlfi'VIfi'IJfl

" •
"" 31'l.H~'VIfi'IJfl.



4. lUf)l'j'jlh torsion test .,rtl1~\ln~tl~
~ ~

n. In'~I1J'j l~U n'IJ1~1~Ull U1'; ~1l1nnUIIU111nU'lJtl~~U~lU. ~
'IJ. In'~l'I1Ul.J1U n'IJ1~1~Ull U11U{J~nUll U111nu'lJtl~~U~lU. ~ ~
fl. In'~l'I1U{J1Un'IJ1~I~UIlU1';~1l1nnUll U111nU'lJtl~~U~lU.

•• 31
11.~~1'Jn'IJtl

5. ~~ 1~1'Uflnvl~lln'~fil yield shear strength

fl. 11~ A•
'IJ. ~~ B

fl. ~~ C
31

~. f:lfl'Vlfl'IJtl.. .

Tension Test

1. fil~I~'U lI~lljj~'j~'Vi ';h~fl1'j~~19i'111'IJ'lJfi1:'l1n'~flll~~1l'IJ'IJ'rl1:'l1ff~fl~tlfi11~•

~. Proportional limit

11. Elastic point
~ . ,

I 31 '" eI'1 31 '1 eI '" I i2. fI1f111:lJlfl'UI9I~1l1fl'Vl~'Vi'Vi1~'Ufl1'j'Vl~fftl'IJ:lJ'lftl11tl~ 'j

11. Real strength.
I eI'1 31'1 '" '" _lei eI eI '" '" i3. fI1'Vl~'lf~'Ufl1'j1~'Vi'jtllu'j{J'lJl'Vl{J'lJfI11:lJm'UtJ1'IJtl~1ff~f1tltl~ 'j.

31
11.f:lfl'Vlfl'IJtl.. .



I .::9 0 Q,J ~ ~d 3J QJ ~ QJ '&lrJ3I
4. U'Vl~'Vl~HH)'I.HlH~~'Vll~lflTi.Y~'lf'U~'l1'U~:IJ'l1'Ul\Pl~lU'Ul~fHI:IJl~ml:IJr.nlfltl'U~~ l~ 15mm ml~•

"31' 0' "&11131 31"" d &31 d dt
l'i.Y'UH1~'Utlflm~'Utl~U'Vl~fltl'U~~l~ 5 mm ml'i.YfJ'U\1fl~~~lt1m~ 100kgf U'l~:lJml:IJr.nl!'I.J'U

d & d .::'1 ""
15.5mm U'l~'VlU'j~~~120kgf :lJml:IJr.nlllJ'U 16.0 mm ~~'l11Modulus of elasticity 'Utl~l'i.YfJ

, "
fl.l'i.Y~~1~~1~'U~1'U'Vl~'i.Ytl'I.J1~'i.Y~• " ,,!31"" d 31 "'" & '!. 31
'U.fll'j 1'lf'V'l'U'Vl'l1'Ul\Pl~fltl'U~~l'Ufll'jm'Ulwml:IJll'l'U

" " .
l'I. fll'jV~1Pi'1'Utl~~'U~1'Ul~l'Ilhn'U'Vlfll'l1~~~~•

d & ~
~. ml:IJl'j11'Ufll'j~~'lf'U~1'U

" .
1. fll'jUU~'l.h~lf1'Vl'Utl~l'i.Yl'Vll~lfl'lm'j:IJ1~tl~ 1'jl~'U1Pi'1mj~1'Ufll'j'Vl~'ltl~U l~uu~ Hfhh~lf1'Vl

" .
U'l~ l'jl~tl~~lfll'j'Vl~'ltl~l'1~'l1:IJ~ fhh~lf1'Vl \Pll:IJ~l~'lJ

fl. ml:IJ'i.Y~'Utl~l'i.Yl 4 2
'"

'U. ml:IJ'i.Y~'Utl~l'i.Yl 3 3
'"

l'I. ml:IJ'i.Y~'Utl~l'i.Yl 3 2
'"

'!.J "" &~. 2 mtl~'lJtI~ 4 2

U "" &~. mtl~'lJtI~ 4 3
"

2. f11'j~lfl'l\Pl'Utl~l'i.Yl1:!~'lJ1~l~~'Utl~n'lJlPi'lu'!.J'jlPi'li~



, ""
'I11mU~tJ'Uml:lJ£J11'UtJ·mY11l1fl 12 iJll~'U 24 iJll~11l~~~lf11'J~1flq~ll'ilh 1'I1:lJ~1~1J

,
4. ~:lJ1.J~111~1"J:~1JNll1J1J hinged-hinged column ~~lf11'J~lflq~Viril'U1W'¢l1l1fl Euler's

solution 1~'U 400 UtJ'U~ t1£J1fl'VI'J11J11'I11mU~tJ'UI~'UI~l111J1J hinged-fixed ll"'~ fixed-fixed



Beam Experiment
. ."

'" "" i i!Ji "" "" lIJ I lIJ_''''1. fll':i1~!'VH)'I11 elastic curve 'Ufll':i'VI~"'tl\l beam experiment 'lHfI':itl\l1.ltltl~ m'ltllU'U

.. '" ..
nJ1tl':i!'UrJ':i

'lJJn'01~ml1.1~'U

fl. '~~"'tn'O

"" !Ji'O.l:.j~'VIn'lJtl
q

". .
2. i1'O,ytJtl~h~tl '11i1.yh~'Ui1'O,ytl.fl1t1'UtlnI'11f11'UViri\lv·m i MfI1'Uii elastic curve ~l\1n'U

fl. density

\I. type of support

'0. weight. ".
3. i'U!itl\lfll':i111 11.1!1.I'U1'1~~,rtli~~tl' 11i1n~11 '~Qn~tl\l!ntl1n11'q~':itl\li'1JfI1'UU1111 fixed support

U"'~ frictionless pin support

n. fixed support 11111.1!1.I'U1911li'~u",~ frictionless pin support 11111.1!1.I'U1911li'~!'li'Un'U

'lJ. fixed support 11111.1!1.I'U1911li'~u",~ frictionless pin support 11111.1!1.I'U1911~

fl. fixed support 11111.1!1.I'U1911~!m~frictionless pin support 11111.1!1.I'U1911~

\I. fixed support 11J11.1!1.I'U1911~u",~frictionless pin support 11111.1!1.I'U19111i'~

lIJ ''''!Ji i I !Ji
'0. 11.l1.l'lJtl ~nm1t1nl91tl\l

'"



4. mUiiUHm~'01rJ w(x) u,,~uHm~'Vh~~~ FI' F2, F3 i,m",~~1u~1J '01flUty'l11.,rtl.nm1UU~

VI '011W1mUtltl fl~'lfd~l~ tl'l11Uf}-lUH~U1~ll1tlUU"~1lJllJUI'i'i~

a

R-t L _
,

fl. 3 'l1d~

'U. 4 'lfd~

fl. 5 'lfd~

~. 6 'lfd~

'0. 7 'lfd~

a ~_; __ L_J4_'r
b ~I" · •••• ·ltl·.·II.II··IL.141 11

I. L .1

fl. a U,,~b ltlUUty'l11statically indeterminate

'U. b U,,~c ltlUUty'l11statically indeterminate

tl. d U,,~e ltlUUty'l11statically indeterminate

~. e U,,~f ltlUUty'l11statically indeterminate

'0. ~hJij.,rtl1~fJfl~tl~
••



Mechanism Analysis
'I "" "11) ~ r3 • .1 •.•
~'Utl1'j1!ml~'Hfl" ~flSlider Crank Mechanisms ml'lm)~fl'jll1'IJeJ~tl1'jfl'j~l1~U"~~:IJ

(displacement-angle) 'lJeJ~slider l~~~~tJ (1)

--: b
~-6
t,
t
t

.J:
3600

oAo

~. ~~D

11. 11~C.
2. !rlmtJ1t11HVitl1Jml:IJ!~1'IJeJ~slider ~1911uml~ 11~B 11~C !m~l1~ D l1~l'llrh~•• •

do d 3J 1 I'

fl. ~~ B :IJml:IJ!'jTUeJtlml~~ C U~:IJ1flml~~ D
do d , , 3J I

'IJ. 11~B :IJml:IJL'j1:IJlflmll1~ C U~'lflmll1~ D· .,
do d 3J I ~

fl. 11~B :IJml:IJ!'i1'lflml'Vl~11~ C !m~l1~ D· ..
d d , ~

~. 11~B :IJfl11:IJ!'j1:1J1flml'Vl~11~C U"~l1~ D· ..
~ d d' GJ

11. 'Vl~"'1:IJ~~:IJml:IJ!'i1!'Vllfl'U
do I .c:9 d Q?I alVa.ld qdV

3. 'UeJfl111fl'Vl~lU'H'U~A U"~ I tlJf~slider :IJml:IJ!'i1!1J'Ufl''Um!m t1~:IJl1~~~eJfl'lJ1~
OJ •

fl. ~~H

'IJ. 11~ F•



~tl (2) mlll<J kinematics diagram 'Ut!<JfH'lLfl Whitworth Quick Return Mechanisms

.A on 2 and 3
Son ••

d d 1 I QI

4. fI11:lJ!'i1'Ut!<J1I1l A lI~:lJfI1!'VllfllJ•
fl. (02A) 012

'U. (02A) 012

fl. (04A) 014

<J. (04A) 014

11.(04A) 014

" "ijYifl'I91<JUlflfllJ 02A Hl:'l~:J}Ltl'Vll<J'U11 --.

" "•• '" "" "" "11)_1 31
:lJ'Vlfl'I'1<JUlflfllJ 02A Hl:'l~'lf !u'Vll<JC)fltJ +-

" ""ijYifl'I91<JUlflfllJ 04A Hl:'l~:J}~'UlJ'U.?'

" "ijYifl'I91<JUlflfllJ 04A Ul:'l~:J}ril<J ,/

d~ QI 3J
:lJ'Vlfl''U'Ul'UfllJm~lJt!fl~lJ!'Ul111~1l 04 ~

IQJQJd' I dd.' .dollQJ

5. fI11:lJ!Hl:'l':lJ'V'l'Vl1i'i~1111<J~1l A Ul:'l~~ll S 'Vl!'itJfl11 conolis acceleration :lJfI1!'VllfllJ

"d..<::\ QJ QI

fl. 2 (vs - VA) 0)2 :lJ'Vlfl'I'1<JUlflfllJ 02A

"dQ QJ QI

'U. (02A) (0)2 - 0)4) :lJ'Vlfl'I'1<JUlflfllJ 02A

"dQ QI QI

fl. 2 (vs - VA) 0)4 :lJ'Vlfl'I'1<JUlflfllJ 04A

r:'JJ •• .I QI QI rI I QJ t!I

1. mlY'1Ul:'l'1l<Jfl11:lJl:'l':lJ'V'l'U1i'i~1111<Jmaximum operating speed 'Ut!<Jcam fllJ load (M) fit!



111 ldo"
11. 11J1J'IHlf:lfl

"
I • 1I)!lJ"" 1!lJ ~

2. earn, follower HCl:::;spring H9ICl:::;'Ii~vn:nu l~~mv 91operating conditions 'Vi'U'I
!lJm K = stiffness 'Utl'l spring

M = total mass 'Utl'l follower assembly

L = maximum lift (displacement) 'Utl'l follower

.,rtl1~titl maximum possible acceleration (amax) 'Utl'l follower

'U. amax = KLIM

fl. amax = g + KLIM

'I. amax = g - KLIM
11) '''''!lJ

11. 1:JJ:JJ'Utltlf1
"

3. ldtlu spring pretension i~v p = 'j:::;V:::; pretension .,rtl1~titl maximum possible acceleration (amax) 'UtI'I

'I. amax = g + KLIM + KPIM

11. amax = -g - KLIM - KPIM



~ ..•.1 Q,I Q,I rI I 2 QI

4. mll"iU'ff~..:l!'l11:lJ'ff:lJ'VfW1i'j~1111..:l (maximum operating speed 'UeJ..:learn) flU spring pretension
<!I

(P) !'IeJ

n.



.fJfJ'l~~fJ velocity diagram

11) .". V
11. UJll'IJfJt'lfl.•

1. ~l'V1N'V1t]1la'IJfJ~ Coriolis Acceleration ~fJ

fl. ac = 2 r' B

'IJ. ac = 2 r B"

FI. a
c
= 2 i'B

~. ac = 2 rB

11. ac = 2 ;:e



" .3! I tI I 0 .£::\1 fJI Q,I I I .c=I I .•. 1
2. 1'ff'WH1f1'WtJfHll'J'\Jtl-:l'Vltl'W111'W111lJ'Vl'lf1~fI1m1]JIH Coriolis ]JfI1ul~mW.•

'" ~11. H~'I1]J~'Vlfl'\Jtl•
.J ~ ., "'" " ~ Q ~.,. "f

3. Dial gauge 9$-:11'lf1 'Wfl111~ 1]J1]J'W~lJ~'\Jtl-:l]Jm~m'ff1]J11tl 1 'lflllJlJ1~fl i~~-:I~tl iu'W

"fl. l~lJlJih

..• 1 tI .c::I Q.I •• f tI 0 Q,I .c!!

4. l1~ul~'ff-:lfl'\Jtl-:l Coriolis Acceleration Lab ]J1~tlul~'ff-:lfl'ff1flUJfltl. . ..
Clo tI 31 d .e:::t. 1 I ,!d e:t.

fl. Vl'ffl1'W1 'I1l'l1'Wl1H11f11'W mH.•
'\J. lv1tllu'1 tJlJlVitJlJ~l'V11-:1'VltJ'I:l~nlJfl11'Vl~'ltl-:l

" . "
fl. ~li1ii~lmflVii1tl1l1l91~Vi-:ll~tJ~ltJ

o I J. a 11]31 31 .de oI!l I

fl. 1l'Vl-:l111'11'W1mmtl-:l]Jtll~llm IVll1~lmtl-:l]Jtllfl1mfl

'\J. 'VltJ'I:l~llJl1W ilJ~111j'W~tl-:l'Vl~'ltl-:l~flll~1

<!I ~ "j «!I I Q I '1 ~ ~ '1 "''''fl. tl-:ll1~I1J'Wlmtl-:l]Jmfl1fl'ff1]J11tl'lf1tJ 'I1l'\J1 l1'VltJ'I:lt1~mfl. "
-:I. fl11'Vl~'ltl-:llfl1tl-:lijtli1 ilJiim1]J'I1]J1tJ'Vl1-:1if11fl11]JI'ltJ

" .
1. n-:l'l1'WtJ1IVl'l191'W~tl i¢l1111j'Wfl]J-WmYI'VltlfllJUI'Wtl-:l111fll'l1~H'l 1~•

fl. n-:l'l1'W1'YHll'l'WlU~(J'W'Y'l"-:I-:l1'Wrrfl61~ 'Wl'i"'I ..:j1'W11'lUll~1 i$I f11"'I 'V11..:jfl'l111fl fll '.i'l11J'W'\Jtl..:j1lJ'W~
" . "

'\J. n..:j'l1'WIVl'l1'lmi 1'11'WHI111flfll'.i ri1Ul'YI 1llUJ'WI'lll'\Jtl..:jlhVi m ~'YIlJ1lJ n..:j'I1'W1'W'lf1..:jI1'lTff'W'1
I """ ,

fl. ill" -:I-:I1'WVii ¢l111fln-:l'11'WIVl'l191'W;i'Wtl~nlJtJ 1'1111fl'\Jtl-:ltJ 1Vii '11'l fl1 ~'VllJ'llJ n-:l'11'W
"" I" ,

-:I.n-:l'l1'WtJ1IVl'lI91'W1,rul~iY'VlfimVl'ff -:I'ff~lijmVitJlJnlJn-:l'l1'W tJ l'lfiJ~VW')
" • I



Head, M

800

"fl. n,n1'\..,1'11ll1UUPelton ~lh:::;iYVlii.fll'VH1'~'ff~" .
" "

'U.1~1i1{)fl'll'UYlllCl:::;'U'U1Y1'U{)~n~M'UU11,rI11:1J1:::;'fflJnUl~~IlCl :::;~\PI11fl11 i 11Cl'U{)~lll1~~U 1

fl. gf11'U 1tll111n1~~VlN flCl~i ~~1fl n~M'Ull~ Cl:::;'Il'U~

. " "
~. vi1111'Vl11U11n1~~Vii ~~1fl n~M'UU1~'U{)vnuu ~:O{J1~U'1~

"
•• 3J

~. ~~'I'lfl'U{)

3. ~lflfl'i1vl1 'UnJ.,j'{) 2 l11fln~M'Ul'VlCl9i''U~il\PIi vlVl1'U{)~I~{)'Ull'I1~~n1~~ 100 MW vi1~1'U~fI11lJl~11{)U
" " "460 rpm ~~f11'U1tll1111h:::;iYVlii.fl1'Vl'U{)~n~M'UU11'VlCl9i''UU

~. 75%
, "

4. ~lflfl11VlflCl{)~ Pelton Wheel lli{)1H'Ul~lJM1U~111J'Ul.,j'lhJ 4 1{)U ~1'Ufh~\PI11fl11il1Cl'U{)~U1i~

ll'hnu 6.6 cfm llCl:::;~l'Ufh head ~lfl~1~ i~ 42 ft 1~fI11lJl~11{)U'U{)~ Pelton wheel M 1075 rpm
, "

'Utll:::;ViIIH lU HHl'h n U 2.2 lbf 111flll 'U'U1m fI ~ 1 :::;{J:::; R=6 U 1 ~~f11'U1tll111n1~~~1'UIICl:::;

lh:::;iYVlii.fl1'Vl'U{)~Pelton Wheel

fl. 0.550 hp, 11 = 10.5%

'U. 0.225 hp, 11 = 50.8%

fl. 1.525 hp, 11 = 75.4%

~. 0.225 hp, 11 = 43%

~. 2.76 hp, 11 = 80.9%



5. 1Ilfl.,rfJ~ 4 'I11m~:lJU~,mJ'HllUI~m.J"l ~H'l~ln~~'Wn'IJfl1~'jlhHW'UfJ\l Pelton Wheel 1I~1~'W

mh\ll~

fl. fI11:IJ1~1~fJ'lJI~:IJ~'Whead "~"\l ~19l~lfl1~I'l1"lvill~:IJ u~~iY'Vlnm'Vl"~"\lU~1f1\l~
. "d QI 111 ••• 1 ~ C\ 91 ~ .di

'U.fI11:IJ1~1~fJ'IJ"~"\l head "~"\l fJl9l~lfl1~ m""~"\l u~~'ff'Vl1im'Vl"~"\lU"11'Vl:IJ'U'W
I v , V I

fl. fI11:IJ1~1~fJ'lJlvill~:IJhead li\l:IJ~'W~19l~lfl1~I'l1""~"\l u~~iY'Vlnm'Vlli\l:IJ~'WU~1f1\lVi
. "

\l.fl11:IJ1~1~fJ'IJ"~"\l head lvill~:IJ ~19l~lfl1~I'l1"lvill~:IJ u~~iY'Vlnm'Vlli\l:IJ~'WU~1"~"\l

d QJ "l ~ ~ .•• 1 ~ C\ 3J d
11.fI11:IJ1~1~fJ'IJ"~"\l head "~"\l fJl9l~lfl1~ m"I'Vl:IJ'U'Wu~~'ff'Vl1im'Vl"~"\lU"1f1\l'Vl

••• ••• <I • .1 <I '" <!l 'j/ i
1. fI11:IJ'ff:IJ'Vl'W1i'UfJ\lUl"lml9lfJ~fI11:IJI'fftJ~'Vl1'WflfJ'UfJ~

L V2

fl. I!1p = f --
D 2

'U. I!1p = f ~ pV
2

D 2
L V2

l'I. I!1p = f --
D2g
L V2

'I. I!1p = f_e-
D 2g

"" 'j/
11.~~'I1:IJ~'Vlfl'UfJ•

, d 31' d' ~ d 3J ~ .d' Q,I .c:. ~

2. 'VlfJ:lJI'ff'W~l'Wfl''WtJfl{ll\lmtJi'W1 'W1(25.4 mm) tll1 10 m U"~:IJ'UfJ'IfJC]f'I:IJm'ff:IJU~~'ff'Vl1ifl1~
OJ

.:=l 'Q/ 3Jd.: lIJ I I 9J 9J d
".);qjl'fftJ(k) l'Vllfl'IJ 0.8 tl1:IJ'W1(p = 1000 kg / m3) m"~1'W'VlfJU"~'UfJ\lfJ~1tJfI11:IJ1~13 m/s. "QI c!31 QJ.do

1I\lmfl11:IJ~'W"~(Pa) 'Vl'UfJ\lfJI9l1'W

fl. 146.8

'U. 0.37

fl. 3.6



"~ <0

fl'lll
,

fl11lJ~1l€1flli Orifice (in.HP) 2 3 4 5 6

a\PI'ilfl1'iI'H€1 (Lis) 0.10 0.20 0.29 0.37 0.38 0.40

1 Y" I sJ ,

ltimH'lJ11tl11M''lhl'H€1~111vi'eJ 1 i11 (25.4 mm) 'VI'l.J'1liifl11lJ~1l€1flli orifice lvilti'lJ 4 ih 9$'1

"
~1111 $l'1l1nlJl11'eJiJl\PI'eJ{ ll€1~iifl11lJ~1l€1fl111vi'eJ\PIHlvilti'lJ 1000 Pa '1l'l'H1fl11lJl~1'IJ'eJ'Ilb 111

n. 0.59 mls

'IJ. 7.3 mls

,I '<o3J 1 <0'"
'1l. lJlJ'IJ'eJ fl\) n VI\)nfl'eJ .

, 51" I SI

4. t1'lfl11lJ~1l€1fl111vi'eJ\PIH 9$'1iil~ll~l11~WJnm'l 1 ib U11 60 i11 iiflllviln'lJ 0.3 in.Hp ltim'hl'H€1

111vi'eJ$l1fJfl11lJl~1 1 mls '1l'l'H1jhlrlnt\PI'eJ{fl11lJl~fJflVll11'IJ'eJ'Ivi'eJ~'1nrl11 ti1'Hllfl1'1i' 1 .01 = 25.4 mm

n. 0.0025

'IJ. 0.025

fl. 0.005

'I. 0.000254

'1l. luii,j''eJ 1fl\) n ~\) nt;'eJ .

5. Orifice l1:lmp./mtUffl'H1'lJ1fl

n. fl11lJ,)1l

'IJ. a\Pl'il1'H€1
c:l

fl. fl11lJl'i1

'I. ~€1~N'IJ'eJ'Ifl11lJ')1l

Pump Test

1. VhllJ'l.h~ffVl~m'VI'IJ'eJ'I~lJ~'1iifll~ln11 1
I :II I I I I' ~

n. l'VI'i1~iifl1'i111 'H€1'IJ'eJ'I'IJ'eJ'I1'H€1'i~'Hl1'1~1l"hlllilfl~'eJllli l$ltimhllli'HfJflU'I'IJ'eJ'IUlJ.
1lJ <0 I 1lJ' <0

'IJ. l'VI'i1~'IJ'eJ'II'H€1lJfl11lJ'H1l1111111llJfl'lVl
~ I tnI ,

fl. l'VI'il~UlJ]jn1'ifflll 'H1'eJV\PI€1'eJfll1mvh 1'Ii'fl1'iflfl'IJ'eJ'I1 'H€1l,j'lUlJ lUfl'lli
'U 'U

'I. l'VI'i1~U11J1\PI'i'IJ'eJ'I'IJ'eJ'I1'H€1'HflI9i'1111'IJW~~~lJafl'IJ'eJ'I1 'H€1l'11'1111



," ,
2. 1~tJ'\I111UljlffllJ1HI~lU'UflillJ~llJ"mIW~f11j,j'lJ~'U'lJtl~m{l1hHfljtl~~'lJ 1~li:l'U 2 'lftJ~

tl~1j~1~
•• ••

fl. illJ I:Wtl~U{l~illJ {lflff'lJ•• ••
c)I I t')I I

'IJ. illJll'lJ'lJl:WII'Vl'UVi(U'lJ'lJ'V'I{ll~)1l{l~illJU'lJ'lJU'Vl'UVi
•• ••

fl. illJU'lJ 'lJf11j 1 'Vl{l~ llJU 'U1Ufl'U11{l~illJ~ fl~'lJ
•• ••

~. illJ'VltltJ1~~u{l~illJt'lJ'w~
•• ••

11. illJt'lJ'W'~U(;l~illJ{lflff'lJ
•• ••

3. iJlJ~1'Vld~l'11~1'U~Vin~mllJ~'U 100 bar 1~fJ~~~jlf11jl'Vl{l

lh~i1'Vlnm'V'l 80 % M'Vllfh"~~tltlfl1l1fll'V'l{l1lJtll~tl1

•• >I

0.4 Vminute ~lillJI9i'1U~

'IJ.50W

fl. 5 kW

~. 4 kW

11. 400 W
~ ...1 ""'"d ~ ~ d d '1 ~;;4. mflf11j'Vl~{ltl~'Vl'U~1~ lJllJ'U~'lJ~'VllJtll~tlj L~ 4 N.m 'VlmllJlj1jtl'lJ 2100 rpm l'111'VlUlJ. ..

l'11~1'UVifl11lJ~'Uj1lJ 12 bar 1~tJihr~jlf11jl'Vl{l 22 Vminute 1I~'Vl11h~i1'Vlnm'V'l'IJtl~illJ

11. 90%

5. 1Ilmuli:l'Um'V'lI9i'~'lJtl~iJlJU'lJ'lJlfl~tJ1 ~~11iJlJU'lJ'lJii' mj1l~~~ t ,rtl~t 'UiJlJ'lftJ ~ t~~llJ"fl1:lW~
•• ••

Q,I v.d v
f11j1l~'lJtl~'lJtl'VlU{l1

••
fl. illJU'lJ'lJ'V'I{ll~

••
'IJ. illJt'lJ'W'~

••
fl. illJl:Wtl~.. ,
~. illJU'lJ'lJU'Vl'UVi

••
11. illJU'lJ'lJf11j 1 'Vl{l~llJU 'U1Ufl'U



Conduction Heat Transfer

'Olfl~llfll'i'VI~"eJ~ Steady stage one dimensional conduction heat transfer ~~l~'Ufll'i
I j) '3J ot::::l. 3JQI' 3J

mm'VIfl11lJ'ieJ'U'OlflU'I1,,~ml1J'H)'U~W'l1tJ1J~~ (Heat source) ~1£JeJl'l'ilfll'Hl1m'VIfl11lJ'ieJ'U Q1
, <V 'j) I d' .& ~ QJ .c::::rt. Q I

Hl'U1'l1flm~'VIHfl'i~UeJm"ff'UH1'Ufl''U£Jflm~ 10 cm G)f~l1J'UTff~2 'If'U~ ('If'U~ A U"~ B) 11~l'leJ'lf'U~ .
fl'U £J11vleJ'U"~ 45 cm nfll'iM1Jl! 'U1'Umh~~l~m~eJ~fl'U fll'icilm'VIml1J~eJ'U i'UU'U1Ufl'U1fl'n•
Thermo couple l~eJl~eJW'l1f1ntlfl~~eJ~ 10 'O~ 1~£J'i~£J~1,h~'UeJ~u~,,~'O~n~llvllflU 10 cm ~

11 qj qj cu II II

llm£J$ll'U 'U11jjeJ'UeJ~'VI'i~fl'i~UeJflijfll'icilm'VIml1J~eJ'U Q2 ~U 'I1~~1Uml1J~eJ'U ~W 'I11Jn~l (Heat
,J ~ : ,~dll] , 'j/., II] d • i 'j/ I

sink) G)f~l1J'U'Ul'11"eJW'U'VIl'I1"Hl'U~1£JeJl'l'ilfll'il'I1"f1~'V10.010 mIls fll'l1'U~ 'I1f11ml1J~ml1J
v v

~eJ'U~ll'Wl~'UeJ~Uln~l 4,200 J.kg'IK'1 U"~~lml1J'I1'Ulutl'U'UeJ~UllvllflU 1000 kg.m'3

'O~ 1 2 3 4 5 6 7 8 9 10•
T (DC) 350 325 300 275 250 200 187.5 175 162.5 150

"

I 0 'j} QI d I I Q,/

1. fI1fll'i'UlmllJ'ieJ'U (Thermal conductivity) 'UeJ~1I'lQA 1JfI11Y11flU
,I

fl. 213 W. K

QI t 9J d,IIQI

2. eJl'l'ilfll'imm'VImllJ'ieJ'U QIU"~ Q2 1JfI1l'VIlflU

fl. Q1= 0.63 kW, Q2= 0.63 kW

'U.Q1= 630 W, Q2= 360 W

fI. Q1= 360 W, Q2= 630 W

~. Q1= 0.36 kW, Q2= 0.36 kW

'0. Q1= 63 J, Q2= 36 J



I 3J 0 3J ~ I QJ .e:I

3. l'I1ml11~1'U'VI1'Ufl1'i'Ulf11111'H)'U (Thermal resistance) U'inW'itltl~tl'Utl..:l'Utl..:ll~Q A U'f1~B 11

~ll'vhnu

'1.74 K.kJ"

1l. 500 K.kW"
1 3J 0 3J QJ t::I" QJ

4. l'I1ml11~1'U'VI1'Ufl1'i'Ulmlmtl'U (Thermal resistance) 'Utl..:ll~f1 B 1Il'I1l'VIlfiU•
,I

fi. 98 K.kW

'U. 74 K.kW"

l'I. 89 K.kW·1

'I. 47K.kW"

1 0 3J QJ .e:I I 'QJ

5. l'I1fl1'i'Ulml11'itl'U (Thermal conductivity) 'Utl..:ll~Q B 1Il'I1l'VIlfiU

·1 ·1
fi. 0.641 kW.rn K

'U. 0.428 W.rn'l K"

fl. 0.428 kJ.rn·1 K"

'1.0.461 kW.rn" K

1l. 0.213 kJ.rn·1 K


