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10. Pump Test

n U fl 3

11. Mechanical Equivalent of Heat

1l U f 3

12. Conduction Heat Transfer

f Y fl J

1. Torsion Test 4. Beam Experiment 7. Coriolis Acceleration
n U fl 3 2 n Y n U f 3
1 1 1
2 2 2
3 3 3
4 4 4
5 5 5
2. Tension Test 5. Mechanism Analysis 8. Pelton Wheel
N U4 fl 3 9 n Y n U fl 3
1 1 1
2 2 2
3 3 3
4 4 4
5 5 5
3. Loading of Struts 6. Cam Analysis 9. Flow and Friction Loss in Pipe
il ] fl 3 3 N U n U f 3
1 1 1
2 2 2
3 3 3
4 4 4
5 5 5
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Torsion Test

Shear stress

> Shear strain

1. Qﬂ‘lﬂiuﬂﬂwﬁumfh yield shear strength
N 9a A
v. 19 B
fn. 1A C
d.
.
2. il‘ﬂclﬂﬁluﬂﬁﬂﬁuﬁmm shearing proportional limit
n. 1A A
v. 92 B
. 38 C
d.
2.
3. i}ﬂclﬂaluﬂi”lﬂﬁuﬁﬂdfh ultimate shear strength
n. 99 A

v. 99 B



4, 51aunsarinalalAa1n shear stress-strain diagram
fl. Modulus of Elasticity
9. Poisson’s ratio
fl. Modulus of Rigidity
¥
. 9ANNYD
a g
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o . kY v
5. Tumsm torsion test Yolagndes
[ (<] 3 LY Qy
n. Jaqulsizanuiatl v adRInA UL A UYB TN
o = = [ = o a’l
. JequisnnuiailuiuaiRet UL ALY
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a. Jaqmilsadnnadlunuidminduuunuvesuay
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1.

Tension Test

1. midugautissninmsiaduuudaadnuasuuuwnadndenila
f1. Proportional limit.
9. Ultimate tensile strength
fl. Modulus of elasticity
. Upper yield point
2. Lower yield point

1 Q o/ ) A a/
2. winadeuussrahnTaguilanislinihdadlulnay gnasdionss 500 Kef aulvuna

durhnguinansvedaniA 5.0 mm sssenuduninelsiidaiuluiieYag i
. 200 kPa
1. 200 MPa
f. 230 MPa
4. 250 kPa

2.250 MPa
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3. Lmﬁﬂﬂﬁ@ﬂlﬁﬁﬁﬁﬂ'lﬂ'lﬂ’)ﬁﬁ]“ﬁuﬂﬂﬁ\nlﬁu'lﬁmﬂH’Nﬂﬁll ’Jﬂﬂ’!'lllfﬂ’)ﬂﬁ]uﬂﬁ\lﬂ 15 mm 182

Ed
Y o = <2

] o [ kY
Wurgudnarsveaunianeudsld s mm d1¥aqignAsdlnisa 100 kef uaziinnueruily 15.5 mm
[ ¥
=] .. [% a

LaTNLTIAT 120 kef HAuon 1 16.0 mm 39311 Modulus of elasticity ¥aeiaa¥tiadl

. 30 MPa

9. 31 MPa

. 300 MPa

4. 350 MPa

9. 400 MPa

1 Aq 9 o A =t = ~ o -

4. mlFlumsTanTauSouiouanumilonvesiag feosls

N. Percent of elongation

4. Yield strength

1. Rupture tensile strength

1. Ultimate tensile strength

1. gnnnde

v a u LY

5. dolahiiluanumzvesiaqulse

. FINNANENYULIOINOA

= =4
1. S98UIANANBUIToY
s d‘ a
a. liligansiniganu
3. 9@ Ultimate tensile strength 1182 Rupture tensile strength Lﬂuqmﬁmﬁu

2. gnynde

Loading of Struts

9 1
1. msutdszinnuesamiadmnssy ez 1sifludiuys lumsneasst lauue3ndsenn uas

LY 1
idesihimInaasInanyanlszinn audiau

n. AUGIVDUAT 4 2

Y. ANUFIVOUA 3 3

fl. ANYIVDAUA 3 2
o &

1. 2laeruEa 4 2

ar &
1. Uaedusn 4 3
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2. msgingaveaaigeuis liduegiudulsdala
fl. Height
9. Cross-Section
f. Modulus of Elasticity
4. Mass moment of Inertia
3. Area Moment of Inertia
a a a A o 4 . (<] J ]
3. AUYATUEFIUN Mﬂ'lﬂ']ig'lﬂﬁ]@'lﬂﬂ"lu’]mulﬂ%'lﬂ Euler’s solution u.lu P auase1nNIIuI I
t:l Qy Ay S a ] o o
Lﬂﬁﬂuﬂ?'IﬁJﬂTJ“U’t]\HﬁVU"lﬂ 12472 L‘ﬂu 24 U1 L?f'ﬁ]%llﬂ'lﬂ'li&"lﬂi]@lm’luli atuanl
. 4P
Y. 2P
f. P/4
1. P2
2. Break a Leg! (=Good Luck!)
4. AUYAINAIGILINUUL hinged-hinged column T35z Ingaiisuas 1891 Euler’s solution flu
4 ' .=' . a1
400 Yous stnnnawh mnwldsudueuuy hinged-fixed (L01% fixed-fixed column IEUAINITS

Ingaminls muddu

fl. 200 100
¥. 100 200
f. 1600 800
3. 800 1600

9. Beat Me! (=I dunno!)
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5. PTNANUFUNUTTZYII stress N1 slenderness ratio ﬁumtmumazﬂizmﬂﬁaﬂumzamﬂi

Beam Experiment

1. 51iaanMuFUVBIAIUA Y

f.

Y.

fl.

3.

1.

steel ruler
vernier
load cell
micrometer

dial gauge

& o A
2. Parameters WU Ui 1erulafne

f.

9.
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Slenderness
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Slenderness
1. A
a
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Slenderness

Stress

Stress

Slenderness

v

v

Slenderness



3. 15 iausalgsengiuseiudae

fl.

9.

fl.

.

2.

steel ruler iL0e dial gauge
vernier 0% dial gauge
steel ruler 1D load cell
vernier 102 load cell

dial gauge LL0% load cell

4. grusesfuilfdiuuuy

f. pinned LIQ% knife-edged

9. pinned L@% roller

fl. hinged L8 roller

.

3.

hinged t40% free
knife-edged Lt fixed

5. Li'l’alﬂixtlziﬂl\wﬂﬂﬂ'luﬁ’]ﬂ

f. steel ruler

9. vernier

f. load cell

\.

micrometer

2. dial gauge

Mechanism Analysis

a o o LY
Tun15 R T12¥inaln Slider Crank Mechanisms 81wasansW¥0IN1INTZTALALYY (displacement-

angle) Y03 slider Vléfﬁigﬂ 1)

45 qo 135



1. AT3 2904 slider vziimgegaiignla
n. YA E
Y. 90 A
A. 9 B
4. 39D
2. 90C
2. idlenlSouifsunusavea slider iduvs 9B 99 C 1AZ9A D azWUIA
n. 98 B Ianu§fesninga ¢ udnnniga D
v. 99 B innudnnnnina ¢ uafininga b
A. 39 B ﬁﬂ’nnﬁ’rx’fﬁﬂ'jnﬁa@ﬂ Cuazya D
3. 99 B fxmml,%‘amﬂﬂiﬁ?ai;ﬂ CuazyA D
1. v‘i’"amu@ﬂﬁmmﬁmmﬁ'u
3. uBNIINAIR UM A 1oz 154 slider Tanuduuguiuds faiigaladniha
n. g9 H
v 99 F
. A E
130G
2. 99D

3 1 (2) 19 kinematics diagram v89na 1N Whitworth Quick Return Mechanisms

Aon2and?3
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¥
n. (0,A) o, HAAAININAY 0,A wazd linevn —s

Ed
1. (0,A) @, HsdannAy 0,A uazklimaednyg «—

e Bee
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1. (0,A) @, UNAGIRINAY O,A nazaae
1. (0,A) @, TisvuiunszuengudMIgn 0, N\

5. AMuEeFINE 3TN 1999 A 1az9a S AFen coriolis acceleration AR
n. 2 (vg—v,) O, ffraamndy 0,A

v
. (0,A) (@, - ®,) UNAARINAL O,A

=3

L 3

(% o

A 2(vg—v,) O, INATIRINGY O,A

3
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Cam Analysis
. 1 o gt ¥ . .. é
1. Cam, follower {01¥ spring Lm’s‘lz‘lgﬂﬂN'luulﬂﬂmtﬂﬂ operating conditions ¥4
oy K = stiffness Y04 spring
M = total mass U®J follower assembly
L = maximum lift (displacement) Y99 follower
g . . .
dolafe maximum possible acceleration (a_, ) Y99 follower
l.a_ =g
V. a, =KL/M
fl. a_ =g+KLM
. a, =g-KL/M
14 9
v. lilidegn
1] v o o 1 (Y
2. ASUAAIANINTURUTTZNIN (maximum operating speed U994 cam)’ A1l spring pretension (P) fo

f.

max speedl (rpm)‘

spring pretension {in)



1' max speed’ (rpm)2

V

spring pretension (in)

v

f . max speed2 (rpm)1
.
L
spring pretension (in)
3. max speed” (rpm)”
t\ ‘
»
spring pretension (in)

=3
1. lifidegn
3. 910 displacement diagram

i
@ | | | } | | ! ! ) | i I }
L L L L L L B B B

¥ q 4 .
901Af® acceleration diagram

ST

1
1



1 g
v. lifidegn

] v
=y

A =
4. a39lvuves cam NUNITANHIBUINNGA

i 4

2.5

¥

5. 924W1 maximum operating speed ﬁlﬁq&ﬁuulﬁlﬂihﬂi Tag'lai1¥1Aa bounce
f. (ANAN stiffness Y03 spring
. 0# total mass VDY follower assembly

. WusTYe spring pretension

=2}

1. gYnde

)]

144 9
. liifidegn



Coriolis Acceleration
1 . =)
1. ﬂTVIN‘ﬂE]‘Haﬂlm Coriolis Acceleration A8
N a=2 e,
Y. a,=2 ro
fl. a, =2 70
. a=2r0
1 a=2 70
Y 1 4 ' :' HAq Ya 1 ' L., A
2. WurguinatavasiomuIsun14iaf 1A Coriolis NA Tz
fl. 7 Wil
U 5 U
f. 10 W
3. 12w,
2. Aanuannde
3 F
a da 4 9/ dy Yo v
3. Dial gauge #9149 1umsdaluudiaveswewmesaunsalduuylanlddede i
9y
. SUUIA
Y. TTUVUATA
a. Manauiidu
a. awnatuiidu-as
1. ganuaynde
o v e . Y o o A
4, i}ﬂﬂiza‘ﬁﬂﬂlm Coriolis Acceleration Lab mﬂqﬂizam 1NYAD
o q ¥ I a 1 1 d"q a
n. Wgauldwiuasehaitese
ﬁl =3 =4 1 =S w
¥. iwoSeumsumnImguiunIInaAaes
1 d"d 1 d‘a ar ny r
a. muiannnledana lasdwe
1. Ravuannde
v 3 9
1. ganuandesniude 4.
1 2 9y J d' A dy 1
5. mulinnudilvneniesilotionsls
o . 4 A yy y R T
A, unaimiemsesiie laud wsznTesdiamun
= 1o ol 9 = Y
. nouq lusaliduiludemaassdnudn
2 & N -] ' Vv g A
a. dazilunTesdamfannsateldidilanguidann
d' =) ‘=y 1~ =Y
1. Mminaasanesiell ilinnuvinemednanssuas

1. gnuuannde



Pelton Wheel

P
f1.—}—)1—+l)‘——+zl—H,:—2+VL+Z2
p 2 p 2
2 2
P
Y PI+L+21 H="2+2+z,
v g Y g
2 2
P
f —1+#+gz1—I—I,=—2—+-v2—+gz2
y 2 2g
P 2 P 2
RYL . N —H, =22+ +7z,
rg 2 rg
2 2

2. P1+v1_+21 -H =P, +L+22
2g 2g

2. e 9 luaumsiwesyad d1euu Sonh
f). pressure, dynamic, elephant, loss head
9. pressure, dynamic, elevation, loss head
fl. power, velocity, elevation, low head
3. pressure, velocity, elevation, loss head
1. static, dynamic, potential, loss head
3. myiamdeuudnseriuiiedals
. ’3ﬂfi1mmqmazé'mﬂwafi1
¥. Jasarusunazanud nih
A. JAusausn uazanusase Uty
o Jausawsn uagsas nai
2. Jamanudu uazanusTouiaiy
4. Myiniaevieennariuiieds ly
f. i’ﬂﬁwmmqmasé“ﬂﬁ"lwm‘3‘1
¥. SamanusuiazanuEai
A, JAUTAVIN LazANUSITBUATTY
1. Sausausn uazdas lnats

@ [ < [
2. IAMANUAU UATAITUIITOUNINU
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5. Solatugulnsaii#insan lnanamnua
. C.F.M., rotameter, orifice, tachometer
9. weir,, rotameter, orifice, tachometer
fl. weir., rotameter, orifice, nanotechnology
3. weir., rotameter, strain gage, nanotechnology

9. weir., rotameter, orifice, venturi meter

Flow and Friction in pipe

v o & o P\ =} Y
1. anuduRusvosunmoiaNuITIAMUY A "'Uﬂllﬂ

2

N. Ap= f£V—
L sz

v. A

p=f55

2

A. Ap = f—L—K—
2g

LV’

1A -
p = szg

1. Aanuannde
2. vielidurugudnatanolu 1 i (25.4 mm) 817 10m Laziivode G]S»HJﬂ'I’cTilﬂiuﬁVlﬁmia’mLﬂ&
&) iy 0.8 il °1 (p=1000 kg /m’ )"lwamumuawmm’hﬂmmm 3m/s  WHIANUAY
aa(Pa) Adasedat

. 146.8

9. 0.37

fl. 3.6

Lo

. 3,600

1. AAnuannde
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v o o 1 [ [ Qs a a . Y
3. Eluﬂ’]iﬂﬂaﬂﬁﬁTﬂqqﬂJﬁNWUﬁigﬂ’ﬂﬁ ﬂﬁi‘lﬂ']ivlﬁa nu ﬂ'J’lllfﬂuaﬂVlﬂ@iﬁﬁ (Orifice) "lﬂ“llﬂlqgﬁ

3

F
=
U

ANUAUAAN Orifice (inH,0) 1 2 3 4 5 6

a31m15 1va (L/s) 0.10 020 029 037 038 040

dotsundaldidr namunie 1 (25.4 mm) WU SANUSUAAT orifice WA 4 i &4
ewl8unuueiiaed wasiinnuduanlurensaridy 1000 Pa vamanuEweaiily
70

. 0.59 m/s

U. 7.3 m/s

. 0.73 m/s

3. 0.77 m/s

A

1 9/ =
. UHS01IAGN NGB

s 3 2 ] 4 qy ay U v o J oy
4. Srenuduanluvonss Fdiiduruguanais 1 42 01160 10 At 0.3 inH,0 et lua

v o [ 4 v w 1 o qy
Gl‘lﬂl‘ﬂﬂgll’]ﬂﬂ’ﬂllﬁ'fl 1 m/s i]\iﬁ'lﬂ’\tlwﬂmﬂiﬂ’]'lllLﬁﬂﬂﬂ'lu‘ll@ﬂ‘ﬂﬂﬂ\iﬂﬁ’n ﬂ’I‘H'Llﬂglﬁl 1U1=254

mm

fl. 0.0025
4. 0.025
fl. 0.005
1. 0.000254

H
=

ST S o) CTa T L O

LY

[

. o o
5. Orifice Wugilnsaidmiy’

fl. ATUAU
v, oa11lvia
=1
f. ANUIS
4. WARTNUBIANNAU

2. gnnuannde
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Pump Test
M ) e o o W A S}{I a Vl 9/
1. Tﬂam"lﬂmmmmmuuﬂﬂmmaﬂymxmiﬂmﬂummmaﬂumimqu "I.m U2 yUADY 1IN

n. Tufleaazdiugngu
V. ‘ﬁuLmuﬂ1s"lwamuumuﬂw,t,asﬁnqnqu
a. v Tdwaziiuluia
Q. ﬁuiuﬁﬂtxazﬁnqﬂqu
. Hunwnhiunud @uuwase uasfuwuimud
2. mﬂgﬂtﬂumwé’fﬂmaaﬁmmmﬂﬁm ﬁﬂﬁw’ﬁnmJufj’mﬁziﬂiﬁaé‘luﬁwﬁﬂ“lﬂmnﬁﬂymzmﬁﬂ

Yy 4 g
YoNUINLLAT

. lunuunaia

)

=

. Hunuuunus
a. uileq

. Yuluwa

Lo

. Hlunums Tvasuuaunu

<

3. flugamiaiauiifidanusu 100 bar Tasfisasin1sna 0.4 Vminute §1ilusidseaninm
80 % 9 IA1AsHivennmaNeIneT

n. 40 W

9. 50 W

f. 5 kW

L4 kW

2. 400 W
4. vinmsneaenilia Tuwudiafiuewesld 4 Nam finnudasen 2100 rpm sl
AMUFUTIY 12 bar TaefisA31A15 1117 22 Uminute 3am11lsz AnSnmvesily

. 50%

9. 60%

fa. 70%

3. 80%

2. 90%



]
o 1

[
5. i ludszans mwvesiludaliadina 1
= 1 1 dl
. ws1zved radianunudu luaen
4 a QI/ 1 ° 9 Y 4 1 nﬂ'
1. meiluinisdulwiegaasanal ildmsgaveslvadhily lunen
=y L% dlw a o
a. mizdSunasvesved lnanadiluvnsfludaveslvarmiau
= M 1 Qy v a 4' = 9 o 1 P a e
1. wagdimsh naveswesvasznhesuduindoun laduduivgaivesily

1. gnunde

Mechanical Equivalent of Heat
d'l d'! -} = = I~] 9 da' o ]
1. ¥omsoslonadeumsiasuilauginadluanudsulzemuidingen

]

. Mechanical Equivalent of Heat Apparatus
4. Equivalent of Heat Apparatus

fl. Mechanical of Heat Apparatus

3. Mechanical Apparatus of Heat

1. Apparatus of Heat Mechanical

1
IS s

[y 4 o ° g 4 1 '
2. mstausaierimdu Tuwuaialiyafidessiuainga

Q

3. 439
2.5 90
3. vnadurIguina 198 drum noavdesdivinafimufiung
n. 12 %,
Y. 13 .
f. 14w,
3. 15w,
2. 16 .
4. aramyufinnzansanaaedinlszna
n. 20 30U/
Y. 30 50U/UTM
A. 40 50V/UTT
3. 70 SO/

3. 80 59U/
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EY

! 3 o/ d‘ At v w1 dy
5. ﬂquumuﬂwmmzanﬁlumsmaaqunmmwa‘lﬂu

.

9.

2kg, 400g,50¢g
2kg, 1000g,110¢

. 200 N3Y,2kg, 110 g

300 NTY, 2kg, 110 g

. 400 N3, 2kg, 110 g

Conduction Heat Transfer

18

. 4 1 Y
113 nsnaass Steady stage one dimensional conduction heat transfer Fudumsaremanuiou

¥ a a U 9 ] w
nnunasnnuiouguugligy  (Heat source) @nwsazIMInIEmaNuiou Q, MIUAINA

i 4 & & o a a 1 Y ]
nianszvenduiuguUdna1s 10 em Fufludaq 2 ¥iia (¥iia A uaz B) Mereruiu s1vieuas 45

a ey P A @ ' P o A A o
cm 3Jmi‘VpJﬂuTL!?JEJNﬂLWa‘ﬂﬂ\‘iﬂuﬂ15ﬂ16LWﬂ31ﬂJiﬂu1uLLu’JLLﬂuiﬁﬁJ Thermo couple INDIA

9
=y
u

wurgiignisey 10 9a Taeszezraveunazgalinuiify 10 em Maeduvnileveansinszuen

1 9/ ' 1w g/ P . & g :' 2 A i k4
NIINUNATINTBU Q, quwmmmmiauqmmnm (Heat sink) msﬂuumaawum"lwamumﬂ

1 E
8A1M3 Inanafl 0.005 miis  Amualdmanuaanudouiumizveniia 4,200 1kg 'K taza

4
ANUAUIUUUYB A 1000 kg.m”

1 2 3 4 5 6 7

10

Q

—_—
wamsiaminszaedvesgungifigaden o annzawi fudmisg
19 1| 2|34 |56 ]| 7|81 9 |10
T(°C) | 350 325 | 300 | 275 | 250 | 200 | 187.5 | 175 | 162.5 | 150
ssnsuftowae i

1. sanmismemanuiou Quaz Q, lidwidu

N. Q=420 W, Q=240 W

U. Q=240 W,Q,=420 W

A. Q=10.24 kW, Q,= 0.24 kW

1. Q=0.42kW, Q,= 0.42 kW

2.Q=420J,Q,=2407

w12an 50 °C
Q,

%1121 30 °C
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2. M5 LT0U (Thermal conductivity) ¥843ag A Ay
n.213W.X'
U.428 W. K
A.213W.m' K’
2.428Wm K’
9.428 Im K’
3. A1M15111A21030U (Thermal conductivity) ¥893ag B finuviiiy
.0428 W.m K'
¥.0.428 kW.m K"
7.0428kl.m K'
3.0.213kW.m' K
9.0213kIm" K
4. A UAUMUMSIAINToU (Thermal resistance) ¥843ng B fifuvimy
A, 134 K.(kW)"
1.0.134 K.(kW)"
. 74 K.(kW)"
3.0.74 K.(kW)"
9.0.213 K.(kJ)"
5. MAanudumun1sinmieu (Thermal resistance) USaIT08ABYBYBITAY A LAz B fif1
iy (Id1dgas R = AT/Q)
n. 134 K.GkwW)"
¥.0.134 K.(kW)"
f. 74 K.(k1)"
3.0.74 K.(kW)"
2. 74 K.(kW)'






