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Air Compressor  

1. LK4aZo@lnimmin5t66vInnhvii@L6vrupun?jti (reciprocating air compressor) 6ill.ritricuni5lifyiu 

Lvuulo 

n. 

• 1-ruffi1eln-I5R-nliPan 

R. 171,S1k1n-)w-yawil 

LiatIJilinal@nnvInn 

lliarquannvliiin& 

2. 7titili two-stage air compressor IlLf1'15MOVI1 intercooler 

6'oennnFl 

n.ct4ivicth.e,Aelitn-nAmwm\nr,uuaoal 

• li'MLI-AiLlitFilitillINV'Fillfil.1W5/1@=.1YU 

• LiAl2,111'1LAVVULRSal6n1fr1R 

L1711.11TA4"51,1,1 2nd  stage air compressor 

s. LiAIL overall isothermal efficiency 

3. LRil@l600nnimiluunp linliiArianiat 180 rpm 60@nn-1P1G1-)u -)5-1 60 cu.in/sec 

Aivu55Ennnm qami:Lial 30°C Ict.gium-101.1 120 psi vin displacement volume 6ti@lQn?Tuvvi-iii`u 25 

cu.in 14'11.ntu1in volumetric efficiency 

n. 100% 

i. 95% 

R. 90% 

1. 85% 

80% 

4. Sjo1Nw1wryiviisi6riEnilalriunnnunn6n-in-im 

n. 1-ru isothermal ttulTtArini)'elvitictunn5&@in-pii 

21. 1Th polytropic vi.11,11-ruck.910Eifiqoittiauni56o@nnwi 

• 1-vu isothermali:i@un-inyru polytropic 

lnu isothermal annn--11-ri..1 polytropic fiMuni56o@nnim 

• noyini10 

5.11.1ovioa@5 two-stage air compressor nn5 Load am Unload HuiLri5aLni*'-i@IU-wicu@Ein11,5 

n. Load Lot Unload H.P.Compressor riau L.P.Compressor 

T.1,1)11  Load L.P.Compressor dau / ni5 Unload WI' Unload L.P.Compressor Riau 

a. Load LOV, Unload L.P.Compressor Lot H.P.Compressor 

,1.1,1)1 Load H.P.Compressor ii@t1 / nn5 Unload 6Viii  Unload L.P.Compressor flUU 

• Load um,' Unload PAonautiVi 

Cooling Tower  

1. nlia.m-amnlunluiluotwililii/wu6oN Cooling tower elolo56'qu6C266thlo 
n.Reynolds number 	6d.qanmkrommu1ANN-)6IJEin 	a.NTU 

1.qartmih@lmnimvicvnl@@n 



COnlic`11,,s 
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2. nIttntiniliimilidn.i1154ifficujihu cooling tower 'vii,fitin'iTiii-wrig.11,61.1Licticulo 

n.Evaporative cooling 	11.Convective cooling 	R.Indirect contact cooling 

1.Regenerative cooling 	.Sensible cooling 

3. inii@dielocil2rti.i1ilio5olini51,via6tiNcililun15vloaNC4N  Cooling tower 

n. venture 	 6?J. Nozzle 	 R. Orifice meter 

1. manometer 	 Rotameter 

4. qUi)5ElfiliSia.ii;16111-naini55nnuwinii@troal cooling tower go@ti,15 

fl.rotameter 
	 i.film packing 	R.thermocouple 

1.thermal indicator 	 constant head tank 

5. T1mo9i11n1i@u66v1an-i-it9n1lVifil911iatnifij-IiiT91na1lo 
n.2000 W 
	

T.1500 W 
	

fl.500 W 

1. 2500 W 	 .1000 W 

Ranking Cycle  
1. ck-itul simple ideal Rankine cycle 

n. 11th = 1 - (Wturb Wpump)/qin 

• rIth = 1 - (gin - gout)/gin 

fl• 1lth - 1 - wturb/qn 

= 1 gout/gin 

2. 6j'161,19)41'illikaill'lled@l condenser aoallvdtuctitil)fanTr, turbine inlet flli71 

n. 111,a A'' 	turbine '1),aoal 

• M'lLlijaclAft`1061/1@@f1V1f1 Rankine cycle 

• li5tillf(111-1YIT'01 Rankine cycle waoal 

1. moisture content turbine exit vi,/aoal 

• 1-11,A194jun pump ve,aoal 
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3. iimuhniilm.A91 boiler Lot, condenser Rethl  t'i11/i superheated steam 1/1@juviciii 

lqu 
v 

n. 1-liziolT)n turbine vbiaoal 

• (PlTiLim..Siciluvo@onTln Rankine cycle 1-',anal 

c

• 

t.itiFicottITIAITN Rankine cycle ve,aoal 

1. moisture content turbine exit vQi.-,iaoal 

• m-Yaiiim,rril.1,fafi Rankine cycle 'taoal 

4. ffin'- '11J11̀ 07111'11.ri21 condenser R1111  6/i1,11ATILPolinlivnl boiler Lfaiitiultmcitittl,l' 

quvtg turbine inlet 

n. 1J5tRv(6-11`11Artl@l Rankine cycle ataoal 

T. 111,Alji66ii pump2..',aoal 

• ATII.i@lhill,116611 Rankine cycle vocal 

1. moisture content crii turbine exit 

5. 1-11 fl'illikt.,WI'll'itiT@1 boiler 	condenser fll'cri ell cycle firrl5 reheating 

n. leTtdviolvin turbine v.L;aoal 

21. H')11.15@lAdnuoiloonvm Rankine cycle t5ia1al 

• 1-ItSal'A6fi pump ,taoal 

1. moisture content ci7i turbine exit vLooal 

• RT11,5@tiitti66ii Rankine cycle 

Air to Water Heat Exchanger  

1. 6ri@lAa jo5ni5d-lu6omyg.ivIRnn@in-IFT:ji 

(Q : 

U : 	Tolm5dnu,vm-anLi@u, 

ATOM  : Log Mean Temperature Difference, 

ma, m„ : 6m1fm`lvaL6TAL-JaTmin-IFILLatj-1 V11.1g1kU 

CP' C : n-Yilauilmint,6dminnFILLanli 	) 

n. Q = U A AMA 	Q = ma  Cp  ATLM 	Q = m, C ATLm  

Q = U C ATOM fjnYln41@ 

2. n15dinvimya.i@tilui,HS'manvAuummi'mAinonnw,111(Air to water heat 

exchanger) thtnnAi')Ein-itinunim-iLii@t1ANcitocU'il 

n. n-nurailSmnLii@u LLaLin-mInmnIfim..A 	21. ni5lArm-ruijou 6iatni5Lo.iTAFITILi@u 

aatni TiviRT-wij  R. 	 eti 



P, 
+z1  = 	+ 	+z, 

p 2 

2 	

 

1
2 

2 

= - 
7 2g 

Z2 
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3. 6hIon -nUiqnkl 

n. a:d.an@ln-m-inEiLym-mintaficui- u@ntltSvIBn-riArmlLfli'@li,Lana'Eitwl-raJi"@t1 

a.1.1.an@lnn5diu,vim-ilLii@cuilNai@m-rlianlmnis@lLRi'manaJSEitim'llAi@U 

• a.1J.a.6n1nm-1-m6Vffria.i@ti Al@ ei.etla.6mln-i5corwriwijuu 

1. Reynolds number 11.iiiNavi@ a.I.J.a.6ii@limd-lEorm-n5J5@tA 

4. ii@lon-r-gjnkl 

n. Naviin@lquviijiivrilLintotyinl@onvt;InnviVin6 

T. viinNai'lliinlquvig-jalj-liiviilLiiii,Lat-vril@@al@Ellti ?ilNalekrion-raisiovianoLnn 

NusseLt number 13:IvinAlii/TuTal a:U.a.6d@ln-m-inmerm-Y11.15@cu 
o 
e1ovInii@ 

5. lum5vioa@lf,1 vi@l-To6v15-1n-nlva6n1j-iPmni - n5L-unnml Lot 

n. 	 vrmr-inn-iTrI filANatmil@ufiu 

T. m-J1j-1mmnani'liT-rouo vticu 5 lig@ 8 Itncifivu@ IriLlatlannctl@EilaiNa@n-nio 

6m-limlava`13.1a.fAuLvt_Jal ii0RilISIEJW111@ 

1. ar)11:1'11114'lindi'qo vil@cunailiunctAqoonhcrfia-ilmt-rvi-ilA vAkann5lofiQn991n1n--1 

Wind Tunnel  

1. al.in2 u@i14 171 kinklk4j210 
2 

P1 V  + 1 

p 2 
2 

P1 V1 

7 2g 

	

2 	 2 
P

• 

1 V  

	

gzi  = + 	+ gz, 

	

7 2g 	7 2g 

	

P1 V1 	 P  V2 
=  	+z2  

	

pg 2 	pg 2 

• P1 

 
_ +

VI 

	

+ z i  = P2 +
v 
	Z, 

	

2g 	 2g 

n 

2 
z1  

mai 1 Lvmaiii 2 Len 3 



2. Lvi@lnlialatialinnwu@icya CiyinklIwk 1 Liur6-1 

n. pressure head 	 T. dynamic head 

1. elevation head 	 Kiomolisinif@ 

3. INIMAL5nIcuaLin-mu@i1;,AaS fiqnAioituija 1 LIIEin- n 

n. pressure head 	 T. velocity head 

1. elevation head 	 eloVtLoinii@ 

4. Lvi@2..iVia@lltimini5LunilaS ci/iyinAl@Aliio 1 Liun- n 

n. elephant head 

c. elephant head 

6 

n. pressure head 
	

T. velocity head 
	

i. elephant head 

1. elevation head 
	

riomoyjnii@ 

5. niTTunwT.'.nom-y-ILLq-)ali IliqlaRha4v1-1kEin115 

n. `)-)Pin dynamic head al.A-DEJ static head LL --34'11.d'flanfl velocity head 

velocity head au6i--iEJ elephant head 66 1')4-itixtann velocity head 

loFin static head a'LlA'M dynamic head 66A1'34'-n,nna-In velocity head 

ivifin stagnation head auA/')EJ static head 666}')gnu-mAnn velocity head 

5-win velocity head actiPm elevation head 666whcii- tiR-In elephant head 

Balancing of Machines  

Vi-1n LLyilma-Tiuqa Lot 	m Lvinl riou 

mtil 	LLyillna m 2 avil 	 n5n1  LLIfilma m 4 Loril 

C L
,1,11465.1.1 

   

   

   

   

     

      

4 0 

1. 1-irl -)-Jviel,I.J.filia6bIqnkl LFiowivaliqa Statics 

n. 	0) ciaLqa Static 	 6d. m.6,1 	rialiqa Static 

• qnvil n uot T 
	 laitjrA n LLat T 

• Don't pick me! 

2. A'-inn --Ni@l,rdiit@INnAial 6f1EnfitaLqa Dynamics 

n. mai 0) ilaLqa Dynamics 	i. n56.1 	liallqa Dynamics 

• qnvil n Lot T jn1271 : n L bic1 ot 

• I have no idea! 
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3. 4-1n -nviellicriilalollitrA"@1 

n. niqa Static g@nnwiliqallianoii@lma5atiantrinjuman 

T. eia.ma  Dynamics Aen-iwiaalliLarukdolLmL6ticT;Fiutina-il 5@ULLnuvvuolan 

R. vinn-Tviqfiniqa Statics Ateikiqa Dynamics Pmoll@ 

Q vnn5ari.NS L'ilormA'uLriallii615-I6I-Jej5l Loolik51-inii bill al.ma Dynamics 

. vInn61@andi Irial.iqa Statics @n7r-ill'j fILFiFin-in5t(oo (hopping)1A71V 

flOviil H-H A'T.1 

4. l'uniTricuii5couv1 6fi@Li140t)5-11A -q16-1 oicoli 90 -140 km/h wct.mAjutLh'on-141.Au vilE 

Li'on- n Wobbling => ciwiwil W-W A'1V 65110-j-1 . tlAju6tIalwIna-wtilv,i&-,1,5 

n. kvilinCriculcd 	 T. j@5f1'15,:Wilh-la static 

R. 6)@01,1loiliqa dynamic 	1. 6ia5olLiakiqact& statics Lot, dynamics 

. I have no idea. 

5. n'i5d-Nkungvinl.i. TtALYOu Lth.,1 aLqa static Vide dynamic 

n. Static balancing 	2). Dynamic balancing 

R. Both 
	

1. 6n000 einemPleloiilaalila 

e. Help me! 



Feedback Control System  

1. PWM 

n. llifiNaAm.aLlialTinn-151.1i'ui 	Muql.,m5Loolea6dm@ LCD 

n-Juges -nut.a.i@omi 	mcuql.in5tu,afilmayrin Microcontroller 

2. 5.,Qtt Feedback-Control-System ii@l41J5tnnvin@Q215121-11 

n. Input 
	 T. Plant 	 Output 

9, 
1. Sensor 
	 clnvIn6m 

3.  

8 

 

f(.) 
Y=? 

 

  

Y 

f(u) 0. Input 

PWM 

%. Motor 

Q Open-loop System 	Close-loop System ad'ilti,5 

n. 5t1Julloilim-V`liuLmaunnultim-i-thn loun-i5L6-  lflwlum fl51LL5t- rol LAI] 

IllOnn5n5vvinniyllvaj 

T. 5tucuH-aJTALcuu-31Nidnnw-Juqa. -navtgnl@nFTEnlwioftvaLatnnSulvd@l 

111.41JEJ 

5tucuLTioilnnTt@ct.,inAju/21 Output loi;'@3.1ntitrtill Input Loi5tucullobjil 

Q 	Input Lotoutput 

la.Vaqn 

5. 

PWM 
G 

RPM 

RPM fill A lolk-inTin56-fiii@@°215 

n. Encoder 	 T. Microcontroller 	 R. Board Drive 

1. Motor 



Vibration Experiment  

1.  aLni5nn5LRAuultuil@loy,f4i@l 
Ka 
— 0 - 

, 
Ka 

IL 0 i 	 0 -7, 0 

	

Ka: 	  

KO :  0  
3. 

I. 

	

I 	+ Ka- O=() 

2. -i-)R1ci7h@lalfiliivethuLctu 
kN 	 in 

6d. — 

	

Ill 	 lb  

	

kg 	 in in 

	

in 	 N 

 3. nni5nn5AmAlleilaloyinkl 

ft -O-- 	 0+-- + 	K  - 
I ,, 

	 0 	1 	0 -  

Ch 
 

0 4- a'  K  - 
1 , 

eh' 	a 2  
3. ij 	 0 + 	

K
= 

/ 44  

	

ch." 	ct' K 
	 (,) 	= 

1,, 

ilVibRIA.1141.1')EM1 viscous damping coefficient (C) 

9 

R. — 
in 

lb.s- 
0. 	 

ft 

N.s 

Kg .s 

in 
R. 

N.s 

in 

  

in 

5. 10  1,L41@ 2 Lot 5 ilvilinuLt`u 
2 

n. N.m 
 

S M

N   
N2  m 

in  

Gas turbine test  
1. 6RilE101.,1M117111,1[117a1711,41LPLILRilL1,16Ril @l1htLflY11,0 

n. Simple gas turbine 
	

T. Double shaft gas turbine 

c. Free shaft turbine 
	

1. Single shaft gas turbine with intercooling 

Single shaft gas turbine with reheat 



2. vinloae,an5aMdi 2 -1,Q inTLJ5tinou -iJu@t1,51'1-11 

n. intake, compressor, combustor, turbine 

T. compressor, combustor, turbine, reheat, turbine 

R. compressor, combustor, reheat, turbine 

.. compressor, compressor, combustor, turbine 

3. T)n T-s loot anu 

10 

Temperature 

Entropy 

n. 1-2 

.. 4-5 

T. 2-3 

3-4 u 	4-5 

R. 3-4 

4. '11-11,oatLin5LIti2iail 2 w/r-rt_JOvffinirezi@liym 

(T —T5  ) — (T2  — ) 
n. 	= 

T, 

( — T2 ) + (T4  —T5  ) — (T, — T1 ) 
= 

T, — T4  

(T, — T4  ) (T4  — T5  ) — (T„ —T1 ) 

T, T, 

( — T5  ) — (T, — T,) 
= 

T, — T4  

1̀3.61 iladiotpA'@1 

5. q1Jn5n.itailajiMiilunn5yin@l 

n. L@Lm@illAhln 	T. OR pump 

1. Blower 

ft 11= 	 • 

n. Rotameter 

I.C. Engine Test (Engine Performance Test)  

1. iii@loWictlEnvd5thr6n-nAlviilnaliolvliI@lualAnA1@1 

0. rim = BP/IP 	T. Tim  = IP-FP 

1. Tim  = BP/FP 

2. 611-D,LIJ5Vicu@nrinA1m1A@lutoiiiililiililm.,11AA@ 

n. FP 	 66. BP 

BSFC 	 IP 

fl Tim  = BP-FP 

• BMEP 
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3. '`Ij-)I,L`tiwilmnet,g-; 	 g'D 6i)-ALthi'gcu@n 

n. u@nryaujnaYwdalLAi'mcLi4iari)-111,1'ona-) 

jA 	 i 	 lY 	iiti@nfinAlelEndi 	P. cuanilunoLmaluug 	uonimvdnated@lLR@r  

1J0111_1TAAMINT@l6Pi@lEra 

4. nnwionuLm@lucu
e
m 

 
mom  BP T@16P@IEJ`Liv1 louthnktCiEin-invticun'n-iTvioanucutlo 

n. Motoring Test 	 T. Retardation Test 
	

R. Morse Test 

1. Dynamometer Test 	3. 1.11141@kin 

5. Motoring Test Iiijoij-)LIA.J5f11T141111.,a0T@Wlij@lElLg 

n. FP 
	

T. BP 
	

P. BMEP 

BSFC 
	

IP 

Air-Conditioning or Refrigeration Test  

1. 1,1nL'IntOlAT1M,ElcUtUcUliliil vmnP-3-11.i@tSiti'imetICIP@LLouvmiiN1 3000 Btu/lb n-ylL 

j@ciAci-iurtfiiii evaporator inn 2500 Btu/lb l'IlAciiljfiUP@LL11501.6Mi 	1000 Btu/Lb 

rh COP 6i21teuctii:INn 

n. 0.83 	 T. 2.5 Btu/lb 	R. 0.33 

1. 0.4 	 2.5 

2. v-imtcutivinRTILLeytoli-lirmi-IFAviR- nLiimA evaporator 12000 Btu/lb 6 -inni.14a 

T@101WrIPTAJLEITAtiN'lLYV110 vInn -iLauctinaTil6nla-aiNovinl 

fi@LLi'IRMAIN5a66Mi 160 

ii@I,A6411P@U6OL621@i-  1600 

ii@U1,41-1T16'J 1000 

vrtj-m@lmtlynaT.'1Fia Btu/Lb 

n. 14.3 lb/hr 	T. 15.0 lb/hr 	8. 7.5 lb/hr 

1. 75 lb/hr 	 elovph 

3. ordu-an@leTvthtSm`4nnwut 

n. m-)nlAi@ctSit-inuctiff evaporatorvial-rt,Afitv 

T. l'ITS11191jVi@l11,41-111MicU 

• l'114111Ai@PTIIiii@tSIP@LI6gU666@i- 

Q 1-1L171111,Ci@PT11.1i'Elhifi'lEJ6111`Vi evaporator 

LicSil@qn 

4. 11.,15t1u1iclinn-na1.d 	evaporator vinvi.91-1.711  

n. "g'w-nLi@uo@nTlnan5vi-wirlAtruclil 

iT. 'ilPT15J@u@@n -inflaLLIAwivni.   

glmyaiii@cu@@nv-inerm4nATILLFIculuH@uLgta,miLLat,flmActuavni 

• 	

6tia n. 66m,/ 	qn 



5. Thermostatic expansion valve Yinwt:iiTV■ 

n. Iiiivaofl-r2A1cirmlanwl-wrilatolLyi-lt-itim-naJkLau evaporator 

T. LINI.WITILA'UTNMTVilMT11.11,6,Y)11?,1141,4111'11TURTILPL1171611@lfl-nIURBLILA,11,6Mi 

• tit6m-innivali@lan5vi-wriangulaL 9 at-icun-=m-iiLitrLd 

1. 	LLat 

• qrril@ T. Lot R. 

Cross Row Heat Exchanger  

1. ( h) 

n. Nu (Nusselt number) 	T. Pr (Prandtl number) 

R. Re (Reynolds number) 	1. Ra (Rayleigh number) 

p (Absolute Viscosity) 

2. 3 finn'JnLircumncvainvifinfiu -1/100 LLatuvilvraluoliiquiLcOlditactInfit 

50°C @nn -imilqavt4v1 30°c 

InLgulfiu@nnnm (ri.nwt.doW in (20),  3 ) 

n. 3 1,11171 	 T. 5 Unil 

R. 30 lunil 	 1. 300 

• 6 uncii 

3. TinnynAlNannwoa@l 	 (h) 

n. 	x 

T. vIvounet,A y 

• R'3-anYted@lnyilAl 

t Q wiTinmnAi3.11A1  

• 1.111@lvin 

4. ItAnwooa@lf,/qtin5attAiiialolliVilcuern-nyma@l 

n. Lcooiladila@i 	 6ti. Livil Perspex 

• L,fl@l110R--13.11,fiaki 	avilm@luol 

ilcoLoctr6k 

5. ii@londi-iioLriEn6unworimu5@euivuutgilAiu 

n. nnwra-nliiinuLLUIJIT1PtAL@Fj611tht'unfrmln-n1via 

T. nn5wimmAmaLoneChAjcimheonntriologlvd@laillyinn -ravn 

• ni5lAnm-nLif@uLLucutY1PC6711,A@Ejfitqt-ioviTATanama 

nwtArwy-raii'mavultitiLfIE-Jii@lricunnwi.j@IA.sdamAcn 

sJ. laigakin 

12 

112(T —T,,,,) 

time 



-rrila 	  viirr 	  

11%','Al11619101J 

1111 215(6)-406 1JAINIf11511713f1153.1HdOlDD 2 

1.Air Compressor 

n % fl A 

1 

2 

3 

4 

5 

2.Cooling Tower 

fl 11 fl A 

1 

/ 

3 

4 

5 

3.Rankin Cycle 

fl Ii fl 1 

1 

2 

3 

4 

5 

4.Air to Water Heat Exchanger 

n 'II fl A 

1 

2 

3 

4 

5 

5. Wind Tunnel 

fl gll fl A 

1 

/ 

3 

4 

5 

6. Balancing of Machines 

0 'II fl 1 

1 

3 

4 

5 

7. Feedback Control System 

11 '11 fl A 

1 

2 

3 

4 

5 

8. Vibration Experiment 

fl 91 fl 1 

1 

7 

3 

4 

5 

9. Gas Turbine Test 

n gu n 1 

1 

2 

3 

4 

5 

10. I.C. Engine Test (Engine Performance Test) 

11 'II fl A 

1 

2 

3 

4 

5 

11. Air-Conditioning of Refrigeration Test 

11 ql fl 1 

1 

2 

3 

4 

5 

12. Cross Flow Heat Exchanger 

n 9J n 1 

1 

2 

3 

4 

5 
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