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Tungsten inert-gas (TIG) arc welding: [n TIG welding, the hear j
o S

u..?. wen the non-consumable tungsten electrode and the work piece u.__..oacnan fro
hu“mh,,“p,,_. by an atmosphere of mert gas supplied from a suitable moE“n e éﬂ&ﬁa o, §
with smaight polenty s used for welding copper alloys and stainless s, et ot
e u,‘m&w polanty s used tor magnesum. The alternating current is more «.mﬁa_.., ?:25:3
for steel, cest woa. aluminum and magneswum. ersatife B sﬂ e
21. Define Revnolds number. Nusselt number, Froude number, pr a%@
Mach number with their significance. » frandy Dump,,
ag |

ARswer:
Tvpes of force present in moving fluid:
,.,.",, E_nﬁﬁ» Foerce: producst of mass and acceleranon of the flowing fluid
H..u \" ﬁs.w,.ma Force: Product of shear stress due to viscositv and Qmw.w wwmno:mﬁ area
,Mﬂ A.w.dq:d,. Mawﬁm“ Product of mass and acceleration due to gravity of fluid. ot flow,
{d) Serface Temsion force: Product of surfa < T unit
. Te : Product of surface tension unit
surtace of Howing Igud. P i osed mglh e
w M@ “wﬁ.».s; Force: V.&H.ﬁ of miensny of pressure and area of flowing fluid.
MN_ LW”K WQ«MR Product of elasuc siress and area of the flowing :aEm
£ : Head 1 2 concept thes relates the energy i bl
e . i & SLETgY IN an ImCcompre: i i
egenvalent siate cobumnm of that fhmd. el e e
Some Dimensionless Namber
Revnolds Number: It 13 def ’ ;
e g t =d as the ratio of the inerua force to the viscous force. ie
¢ = Inertia orce/Viscous Force= pVD/u= VD/9 Iy
Significance:
7 Kewnolds number signifies the relatv
y ignifies we predominance inerti iscous
forces ocournng m the flow sysiems. of the inertia o the i
P oher 1k S .

} M w mq.“nq u..kﬁ %33&%. _.Enéﬁ.a the greater will be the relative contribution of inertia
effect. Smaller the value of Re, the greater will be the relative magnitude of the
VISCOLN SIresses. B ¢
Reynolds number is taken as an i iteri

3 & mportant criterion of kinemati i
sy lanmies m forced convection heat transfer. SRR ST
» I mdicates that the flow 1s lammimnar or turbul ‘or pi
! ent. For pipe flow j
flow s laminar, 1f Re>4000, the flow 1s turbulent, P b
I 2000 >Re<4000 1t is transition. For flat plate in case of Jaminar flow Re<
() 00U and 1n case of turbulent, Re is between 50,000 to 100,000 T |
Prandtl Sumber (Pr): It 15 the ratio of kincmalic viscosity (9 et 1h ;
_ (Pr) ¥ (¥) W the thermal diffusivity
(). 1.8.,
Pr= d/a
Kinematic viscostty mdicates the impulse transport through molecular friction whereas

thermal diffusivity indicates the heat energy transport by conduction process,
Significance:

»  Prandtl number provides a measure o

and energy transport by diffusion.

» Prandtl number 15 3 connecting lin

‘r

f the relative effectiveness of the Momeniym

Kk between velocity field and temperature fielg,

e e

e

41

B, \(E x
i '« the ratio of heat flow rate !
It 1s by convection process under a unit

er Ql.-._v“

,_r:r.:— wt

w rate by con
el 5 he heat flo y duction process under a unst temperature
N .ﬁ::mr. £ a wElOﬁNQ

thickness of L meters. 1.e.

NW . apcet celt number represents the n§§839~ of heat transfer through a flind laver

The NUSE r convection relative to conduction actoss the same fluid layer \

as 810 o Nusselt number, the more effective the convection.

» The | ..m_ per of Nu = 1 for a fluid layer represents heat transfer across the laver

A Nus> o

V I ¢ . 3 )
pv pure .« the ratio of heat transfer coefficient to the flow of heat per unn

§tant3? N idue of the velocity of flud.

also
b quiRe ?“w:o of Nusselt npumber and the product of Reynolds number and Prandt
5 the
.o of mass heat flow rate by convection to the flow rate 5y

umbeT er: It is the rati : X
peclet - nder a unit temperature gradient and through a thickness L.
sction V"~ pe = Re.Pr

condic" o
QMHHM%M It a.mnm:na
o jength of the pipe to th
P e mCp/ LK . .

- per: Gr = (Inertia Force cho.w,w:nx Force)/ (Viscous Forcep )
n_.um_;J. e . The Froude number is a dimensionless number defined as the rauo of 2
Froude .z:ivm_ﬁnma\ 1o a gravitational wave velocity. It may equivalently be defined as the
%aﬁnzm:m i inertia to gravitational forces. In fluid mechanics, the Froude number is used
> {2 5 w_“w resistance of an object moving through water, and permits the companson of
ﬁ%aﬂﬁ_ﬁ_zﬁmiﬁdi sizes. Named after William Froude, the Froude number is based on the
o

jength ratio as defined by him.
Froude number is defined as:

as the ratio of heat capacity of fluid flowing through the pipe
¢ conductivity of pipe. i.e.

The

al<s

Fr=
and c is a characteristic water wave propaganon

where. V is a characteristic velocity ,
s to the Mach number. The greater the Froude

yelocity. The Froude number is thus analogou

number, the greater the resistance.
Weber Number= Inertia Force/ Surface Tension Force

Euler’s Number= Incrtia Force/Pressure Force _
Mach’s Number (M) = ,\A_:e.:_u Fore®y = Velocity of fluid or body moving in fluid/ Velocity

Elastic Froce
of sound in the fluid = V/C
Significance: (a) When M<1 then, Flow is called sub-sonic.
(b) When M=1 then, Flow is called sonic.
(¢) When 6>M>1 then, Flow is called super-sonic.
(d) When M>6 then, Flow is called hypersonic.

N—

sl
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| Operaling apead { A
e o H S,::_._ap .z: ' ! g,
B gy | T
LM operates with Joag | % Hrg 4 whenser 15 altached
power lhetor, _:S,_E ol sl it ) Al the exm of the wmine Ty
0y } 1% condensed cotpletely in the oo ..m . The vapen Seovtng i
b 10 BOIE ather coohing thind bike water AT W the siate | iy c. N
v b W Rving

=i
~ ACumoy | L% e vy WP
1 AC Moo are uligyy Y : iy -
) AC ImolOrN reced Wlling gy, i :
y. —ﬂfﬂ.,(ﬂl —Z.(\ﬂ? _a :.»ﬂq:: ; o
Lo Here arminre in tatigy,, Y iy, Moy ok w :
In rotnting, 'Y any i i 4 ]
. ] « I oIS o |
Ao Ac o molor - requirey g iy, |
aquipment, a:ac:é Wi ﬂ . =
5. Irequires no brush and ey, "y L2 _wQ.}S.._i
i 2rPhd | ::._ —‘ e e—
./.,I/../r;_ C L « %
) %, Pump - ®

[ ACkwe T

; | CGiencrales ::o...:.::gaﬂx_ﬁ

2. In alternatory, the E__:_.::_“ 3
the ficld system iy rotating

(hat 15 | 3. Alternators conscr : ; . .
Motk e the cnergy that is :<o Chorgy _uw Ui 23 OO:m—m:.T_u_dvad :‘a_:._mwm_‘ of :,nm: :”, the boiler,
8 ncoded, g 14! Reversible adiabatic expansion in the turbine (or other prime mover such as a

U | A— :
A “II//_W mnum—a Gﬂ_m_—..ﬁv. .
. pressure transfer of heat in the condenser.

frigure {: Simple steam power plant that operates on the Rankine cycle :
jous Processes in simple Rankine cycle are:

e variote . : ,
-2 Reversible adiabatic pumping process in the pump,

all the encrpy

. Draw the -V and T-8 dingram of Steam Turbine. Types of Draft tup, ang o | 4-1: Constant-
W, Dr i
fittings. Dy L . ,
Answer:
Rankine cycle: . —— . . , )
Consider the wdealized [our-steady-state-process cye cin 2:.?: statc 1 is saturated liqud g b
state 315 cither s irated vapor or supcrheated vapor. This system is termed the zgrg__ |
evele and is the model for the simple stcam power plant. It is convenient to show the ws____n
) B 1 ﬂm s
and processes ona -5 dragram. ; R,
A @
( S

Principle components of Rankine cycle:
I'he four basic components of Rankine cycle are shown in figure 1 each component in |

operating at steady state. v
at the state 1 is pumped to the opering} ~ cycle (1

The Rankine cycle is chosen as ideal cycle even though thermal efficiency is less than Camc

cycle is regarded as control volume,
Pump: The liquid condensate leaving the condenser -2-3-4-1). This is due to mainly two reasons:
pressure of the boiler. The pump operation is considered isentropic.

Boiler: The heat is supplied in the working fluid (feed water) in the boiler and thus vapou
erheatedd

senerated. The vapour leaving the boiler is either at saturated at the state 3 or sup «
m:, state 3, depending upon the amount of heat supplied in the boiler. ]
urbine: The vapour leaving the boiler enters the turbine,
e condenser pressure at the state 4. The work produced by the turbine is rotary
'd is used to drive an electric generator or machine.

where it expands isentropically!
(shaf} wot




™ IE Job Preparation

§

|. The first reason concerns the pumping process. mﬁzn lisa Mixtyre ke
vapor. Creal difficulties are m:noJSRRa in building a pump that y;, rwacamg
e of liquid and vapor at 1" and deliver saturated liquid at 5 : ndle
casier to condense the (ﬂmnoa.ncan_nﬁ_v\ and handle only liquid i the Dy

, 3&&0;5532. Pump, 7,

Rankine cycle 1 beating th y
wcond reason concerns superheating the vapor. the :
The n.ro.aa S mﬂ”ﬂ.—ﬂ—:n ov‘n_n 5»

: vapor 1s ,,._%23&_& at constant pressure, process 3-3\. In the Carnot oyel
the heat transfer is at constant temperature, and therefore the v e
superheated 1n process 3-3'. Note, however, that during this Eoonﬂx 3
pressure s dropping. which means that the heat must be transferred to e e the
as 1t undergoes an expansion process in which work is done. This heat gmmwm
also verv difficult to achieve in practice.

hus, the Rankine cycle 1s the 1deal cycle that can be approximated in practice.

NORERE—

Botler

Condenser

fig- re-heat cycle Fig. Rankine Cycle with Regeneration
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comparative Stress/Slrain Diagram

High nm“o:/

(atloy) steel

-~

~— Ulumale sirength
-a— Yield strength

Sran ) ————=

real fluid, ideal fluid, Newtonian fluid and Non-Newtonig, .
uid,

hich possesses viscosity is known as real fluig, w
- All g,
g

are real fluid. - . . i
4 A fluid, which 1s incompressible and is having no viscosity, ; a
, 18 Esf.g

nly an imaginary fluid.

Newtonian Fluid: A real fluid in which the
shear strain (velocity gradient) 1S known as a Newtonian fluid.

Non-Newtonian Fluid: A real fluid in which the shear stress is not .
) o . ) proporti
shear strain is known as Non-Newtonian Fluid. portionaltof

40, Define
Answer:

Real Fluid: A fluid W
practice.
Ideal Flu
fluid. Ideal fluid 1s 0

shear stress is directly proportions) s |
0 erf

Shear stress

Shear strain rate

: Variation of shear stress with rate of

Te: deformation:

Mi job P

reparation

3
Lad

4. praw characteristics curve and Serlith
ance of cony
Tifugal
pump.

>=mie-.
P
) and H constant
i}
MW m, Ha N
wm 5
e b
Ha H o H(Q = Constarm)
QaN
Axluﬂe.h—‘e
Shus-off Head Vs ol o g
point Rae—oust pesms

TOTAL HEAD, Hy

0
FLOW RATE.Q

En." Performance curve of a centrifugal pump

iR

42.Write a short note on- pressure gauge, fuel pump, spark plug, carburetor, fuel

pump, Injector or Atomizer, dual fuel and condenser.

Answer:

Pressure Gauge: ° _

W PIFSSRIE, FaUEe is used to measure the pressure the pressure of be

oiler. It is fixed in front of the Stream boiler. The pressure gauge generally

Bourdon type. . :
A Bourdon pressure gauge, in
bent into an arc of a circle. This
One end of the tube gauge is fix

end connected to a sector through
a result of this increased pressure,

stream inside the steam
used for

its &BE% form, consists of an elliptical elastic tube ABC
bent up tube 1S called bourdon’s tube. .
ed and connected to the steam space 1B the g:ﬁ. The other

a link. The stream, under pressure, flows into .Ea tube. As
the Bourdon’s tube tends t0 straight itself. Since the tube
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VER WS T end,

e AR,

E

ME
o vavua.a._

Fuses: A fuseisas J . )
through it q.ﬁ.w _” w‘.,_s: piece of wire or thin strip which melts when
g sutticient ume. It is inserted i . , excessiv,
: et . . scrted In series w <L ive cyrm
ﬁﬁsp_ operaung conditions, the tuse element it at a ”E the cireuit 0 be E,QnEn.Ps fl
erefore. it carries the emperature be} ; Cted
s 3 S normal load current with . ! CloW its mels;
cireutt or overload occurs out overheating. H elti
; : 13, the current through the fus & However, w;,
capacity. This raises gh the fuse element incre. b
disconnecting the uﬂa, ; he temperature and the fuse element Enﬂwmm beyon
£ cirewmit protected by it. In this way, a fuse i S (or p|
= cts th

O:_m
n. C:an_
$ poig
a:. 4 shon
s _.mzna
WS ouy
e -.—WO~.—m=ﬁm h

Squipment from dan
! hage due to excessiv i
. ,  Hefiag Xcessive currents. It i ]
rtomms both detection and interruption functions  vorhwhile to R e M_E
S. No. i , "
Particular Fuse Circuit b
I Function —
n
1. performs both detection and It performs iny
mierruption functions. e :
.. p 1 only. The detection c_._._m_.n”._c.s
" o o made by reluy syst i
3 ¢ 1 ¢
Inherently completely automatic. Requires n_uur..“,.: o
%&d, : 4 € equipmen
W. mﬁd»:ﬁn capacif Small S S ...2_.5~
: P o Very large .
perating time Very small (0-002 sec or so0) n.cSuEM_: Iy |
vely large (0- .
5. Replacement Requires o .
h B::.ﬁv replacementaferevery | N |
pni o replacement after operation,
Strain Gage Measurement:

A tundamental
H parameter of the strain is i
quantitatively as the gage fac 3 b e it .
e iy ol ”nm._q:w fac tor F.CM..V, Gage factor is defined as the . mzﬁEu Lo
al resistance to the fractional change in lenath (strain): ratio of fractional change
GF = AR/R _ AR/R .
In practi i voree 5
actice, strai i
o ﬁ:ﬁd?ﬁ:.”mmmﬁd:.n:»m aﬂ_w ::x.v?n quantities larger than a f illistrai
F= e + to measure the strain requires accurate measurement £ el it
m..:n.,s,.:: , or .nxm::.ﬁ, suppose a test specimen undergoes a m:mmo fa Pt
m:v g a gage m_cz:. of 2 will exhibit a change in electrical resistan x oo o0 ene. 1% i
g 1%. For a 120 Q gage, this is a change of only 0.12 Q S nEuly @ (SO0 10-
PJ h ..H ~ o - o P - P 1 ' - \ . :
: .:W .Z:_H Z_L,, small changes in resistance, strain gages are almost al
1._ _w:_ud:cz with a voltage excitation source. The general S,:nm.ﬂos%m_
gure 3, consists of four resistive ¢ 1 itati
e arms with an excitat
across the bndge. Nl

¥S used in a bridge
ridge, illustrated in
EX, that is applied

DS SR ——— A

99

it o R VO, is equal to:
—Nu - ﬂru u v
Vo —.._wu;.mf R, * R * Vex
ent that when R1/R2 = R4/R3, the voltage output VO i3 zero
ge is said to be balanced. Any change m resistance m any

zero output voltage.

it is appare
S the _O:Q

R4 in Figure 3 with an active strain gage, any changes m the stram
uang lance the bridge and produce a nonzero output voitage If the
unba n the strain-induced change m

—r,_..:.r Al .
stance WE - oage is designated as RG, the
: _J resistance ot :_.,w MM“MammmmOﬂ = RG- GF-e, from the previously defined Gage Factor
e DI ﬁ..: cn_ nwmﬁ —R2 and R3 = RG, the bridge equation above can be Rﬂdnnn
! >.,.u.::\,/_\=mvmﬁww a function of strain (see Figure 4). 108 the ﬁnnmaﬁ”nn .9 ..&n
(o eNpress J/V\Mv m that indicates the nonlinearity of the D:E»Q&:amm output with respect to
/) e
1! (Gl-el=
strain.
Vo . GEeel 1
Vix 4 \1+GFe mm
Figure 4. Quarter-Bridge Circuit : o
i . i ly in response to applie
: e the resistance of the strain gage to change ont) ) .
e pecimen material to which the gage is
rs attempt 10

gage material, as well as the spect b
changes in temperature. Strain gage B»EEE.EE )
ature by processing the gage material to compens
men material for which the gage 1s _Eanan

y remove it.

nsitivity, they do not totall .
converts the mechanical energy 10 electrical

strain. However, strain
applied, also responds to
minimize sensitivity to temper
thermal expansion of the speci
compensated gages reduce the thermal se
Generator: Generator is a machine which

energy.

ate for the
d. While




B 1 4
g chva? ,
108 ) i,
Write the factors should be :__”_c"_ in nc-;Ea::.
evi 1% o nlant. Draw a stud bol ity
abbred! of a nuclear powel plant t& wwna:.w =F= 5_;__,
ation L a ; ]

51, Faplain the
choosing the
Answer:
pOHC :.::Z._
A typical DOHC
mtake valves that a

loc

ud ....::,,__:_,:”

overhe: ehafts and 4 valves per cylinder. One camgh,
e has E:_,_ one side, while another camshaft contrgg ax:mm
. u

have DOHC engines.

Oﬂoﬂ:aw
8t <£<au

on the oppostie side. Most modern ¢d
SOHC (Single overh
i haft 18 mstalled m 1l
ugh the hfters.

cous charge comp
ye compression : (
and oxidizer (typically air)

ad camshaft _‘“
the cylinder het

id and valves are operated ejthey by th,
€ wanw
C

I'he ca
arms or directh
HOCT (Homogen
H Jopeneous ch

. yixed fuel

ression ignition):
ignition (HCC) is a form of interna] o

are compressed to he e Mbusti,,

Ombﬁ of

n m__
Augy,

aking system):
Jile safety system that allows the wheels on a motor vehicle

intactwith the road surface according to driver inputs while braking, ain

{ . : 2 ! i

locking up (ceasing rotation) and avoiding uncontrolled skidding, the

VIEC (Variable valve timing and lift za‘z:::n control): n _

VTEC 15 a system developed by Honda to improve the volumetric a:.:u_msov~ ofa mosrﬁax

ombustion engine. The VTEC system uses two camshaft profiles and Eé.n_:_i:n .
¢ : |

ARBS (Anti-lock b
(ABN) 15 an auton

e

t0 majp
—.:.n<a::=w

Ve o

wheels 1

internal ¢
selects between profiles.
VVT-1 (Variable valve timing with intelligence):
VVT-1 s an automobile variable valve timing technology developed by Toyota. Tt varics (hg
timing of the intake valves by adjusting the relationship between the camshaft drive (belt or
chain) and ntake camshaft.
ACT (Air charge temperature):  An air charge temperature sensor is a device inside e |
engine that monitors the temperature of the air going into the engine. |
MFIL: A mechanical fuel injection system from Hilborn includes the manifold, nozzles, barre] |
valve, and hoses. The main jet, housed in the primary bypass valve, is also included along _
,.55 2 additonal jets, or pills. To complete the system, you will need ram tubes, fuel pump,
:_p”_ filter, fuel shutoft valve and, possibly, a hi-speed bypass valve. If Hilborn cannot supply
a tuel pump drive, you will need to fashion a drive for the pump to run at 1/2 crankshaf
speed.
jx..a are 4 main parts to a mechanical system:
1. Fuel Pump ’
2. Fuel Nozzles
3. Main Jet (or pill)
4. Barrel Valve
CFI (Continuous fye

A I'injection): In a contj iniecti [1 times
from the fuel ijectors, by P continuous injection system, fuel flows at all ™

¢ 3 injection
Systems, which provide fuel duri injec

of

ariable flow rate. This is in contrast to most fuel
ng short pulses of varying duration, with a constant rate

job _,?._:.::_c:
M
. . 109
:ach pulse. Continuous ek \
e i ot 7 Us Injection sysiemg €an be myl
flo . Tﬂx,::«
«ct. s mma b -
e asoline injection): , gle-pomy,
:v:: ::_R.n_ n._wm_ as c_c cﬁaﬁ :., m direct Injection thzine, f but
’ e er as q O 1nje " \gine. ,
_ e ot i ._,..v be Jection before the niake ,Q 'S Mected 14 the
" . E...-coas&:c: chamber (diesel engine). alve (petrg) Shgine) e
cpard 1 iniection): Port Fuel Iniect; | o
w.__‘._ e pe __“._ tion nvs sines and oﬁu €ction (PF1) 15 the world's mast
~ 3 28 @ g P P ' . | |
" e ¢ €TS many advantages for engines W&w? used system
“ng ih 3 .:.uf__ .
t. =
outP e i I mo . .
ECM (Electront® Control n dule): Electronic control module is th
) ding fuel to the engine and controlling the quality of he computer respone
cngine’s em nsibl

for prov!

< 4 MICTOProcessor and software to analyze and
eS¢

. 1S210n8. The By
_ respond 1 ] , gt
: pe 0 the inpur values from ap arra
of w
EE
functio

-ensors.
vmﬁm.“_na:é:mn.n:n,:a control): An Electronic Engine Com

ns of the injection system 1n such a way that the eq nl
et The injection cmaminaa are constantly matched
Engines with an nﬁoqo_:ow:% controlled diesel or g
consumption and emissions.
§r1 (Electronic fuel injection): The Electronic Fuel Injection system f;

vehicles combines sophisticated computer controls with 3 high qw n,a zmﬁw R T
o provide optimum power and fuel efficiency. =" pressure fucl delrvery G
EMI (Electromagnetic interference): Electromagnetic interferen
radio-frequency interference (RFI) when in the radio fr :
generated by an external source that affects an electrical
electrostatic coupling, or conduction.

HCM (Hcater control module): It is a computer

the heating, ventilation, and air nosans.Em w«mﬁwﬂw MMNMM._MW:Q e
GPS (Global positioning system): The Global Positioni
saellite system that provides location and time info
anywhere on or near the Earth where there is an unobs
GPS satellites.

MM__M—, %_\n—:n.n Ei.mmmo: 8.33_ information): Each vehicle has a VECI decal containing
control information that applies specifically to the vehicle and engine.

: revulates iy
gine L
provides the deman

wded engin
0 the engine and the fh fion

i £t situation,
asoline system with minmum fyel

ce (EMI), aiso called
wn:mdnw‘ Spectrum. 15 a disturbance
circuit by electromagnetc nduction,

sm.m%mﬁa is a global navigation
mation in all weather conditions,
tructed line of sight to four or more

MMMMWM (American  Society of Heating,

ers). , -

m__ws,smm_&. Founded in 1894, it is a global society advancing human well-being through

ST A M-”wogio gy for the built environment. )

Otgmizin MM_M»% Society for Testing and Materials): It is an international standards
m_ evelops and publishes voluntary consensus technical standards for a wide

% 8, H.:oazoa, systems, and services.

Asian Preferential Trade Agreement)

Refrigerating and  Air-Conditioning

fange of materi
SAPTA (Sout
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L probiems .
' o while coal fired per by,

is 208 g h'j";b

i rs
jed per Ho¥ : e calorific value
: ol water sul)l)ll((’ P 145K [f the calo value of 4y,
1. Ina poiler, fec@ ¥ r kg of ater 18 570 g
' i ¢ —_
The nel enthalpy FEC L the poiler cificient y
2050 KJ/Kg then calculatt
o andld 250K IKE
Solution: 23k (h-hy) ]4()|Q_] and L
[Jere, ms= 205Kkg; M 2705 L (h-hi1)
o " = —
we know, Boiler cfficiencys N myxC
2057145
T 2342050 _
_ U()fs 0 %o (/\ll.‘s-) oy frt (588 (Linit mess)
8 mary of Processes for Pert® MW P .
um Nt
2 . Yoz T Hperlfie heny,
_____—-—-—""’—‘—-—-——_"_—— ‘ v
P Index Heat added / r relaltlsiill
rocess I AT TSR S Sy
n ,____,__——f——f—-wﬂﬁ—*-“’"“"”””"‘ 1 Yy _ V4 »
gt - i rd
Constant =0 C,,‘Tz = 15) g L #nf_"l,f__\,,,_“:’,...._.w—- S —————
/’I' i o
ProaRurs | ::l _m .
Constant i e Ty~ T) 0 | T R T RS
volume | e
____—————*__————-—’/ i
2 2 . = fi. g0y L
Constant 1 2.3p101 log, Uz 2.3 | 17174 e VLS 14
= : P, ———————
tem perature 1 Z U | —— - .
P I = pdiy
=¥
Reversible vy = pave Ty “(u_,_ J 0
adiubnt.’ic n=7Y 0 ’ of - 1 Tl iy P
of =
(7] "
1%
my — Pzia n R L . Yy—n
Polytropic n=n en(Tz =T1) s pi” = Az ¢ =0, [ - nJ
—
s, | Tt T’y ﬁ('il '
“{1-n Ty vy
> (T2 - Tl)
n—1
=:—:xwurk ‘;[I}ZJ "
done (non—flow) L P

2. Air at 1.02 bar,
compressed reversibly and adi
Calculate : (i) The final temperat

Solution:
Given, Initial pressure, P
Initial temperature, Ti =22+ 273
Final pressure, P2= 6.8 bar
(i)Final temperature:

y-1

Iﬁ:(f-g Y
T Py

ure ; (ii)The final volume ; (iii) The work done.

= 1.02 bar= 1.02 x 10° Pa
=295 K: Initial volume, Vi = 0.015 m®

Using the relation,
14-1
or, 1= (287
295 '1.02
, 14-1
or,T, =295 x (—f’ﬁ 14
1.02
= 507.24K =234.24°C. (Ans.) !

(3
i

22°C, initially occupying a cylinder volume of 0.015 m?,
abatically by a piston to a pressure of 6.8 bar

*
J¢



“m)n

ol shaft 5 m long is stressed a¢ 80

; M thl 20HZ?

T(5)(1000)
40(,1?&) " L nd*(83000)
1= 0.11384*

16T
-
16(0.1138d")
80 = ,———-;t_d'g——-
i= 138 mim
P

4e phiid

P
0.1138d* = 27(20)

p=143d4 = 14.3(138%)
p=5186 237 285 N-mm/ sec
p=5186237.28 W

p=519 MW

Solution:

P _ 4.5(1000000)
ng- 2(3)
T=238732.41 N-m

T=

Based on maximum allowable shearing stress:
_ 16T
nd?
16(238732.41)(1000)
0= —3
d=289.71 mm

max

5

Based on maximum allowable angle of twist:
B
JG
IO(L] _ 238732.41(264)(1000)
180° -4 nd* (83000)
U d=352.08 mm
* the bigger diameter, d =352mm (Ans.)

ol $pa, compute the shaft diameger. WR’:‘I:

159

twisted thy

¢an be trgnguin 4 Usin

NSmitted by the

j i A steel propeller shaft is to tra.ns.mit 45 MW at 3 Hz without exceeding a
| hearing stress of 50 MPa or twisting through more than 1° in a length of 26
diameters. Compute the proper diameter if G =83 GPa. ‘



tion:

From the load diagrao
TMe= 0 _

5Rp + 1(30) = 3(50)
Rp=2M4 kN

Mp=0
5Ry = 2(50) + 6(30)
Ry =56 kKN

momu:u:;u.. h
Vg = -30 kN A
My = -30xkKN-m x

mamns_.mh”
Vec = -30 + 56

=26 kN A
Mz = -30x + 56(x - 1)
=261 - 56 kN'm
)

Segment CD:
Vop=-30+5-50

=24 kN

Mcp = -30x + 56(x - 1) - 50(x - 4)
= _30r + 56r - 56 - 50x + 200
= 24r+1H

To draw the Shear Diagram:

(1) In segment A3, the shear is
uniformly distributed over the

(2) w_.moo:..n.»_ 3C, the shear &

uvformly dstributed 3t 3
magnitude of 26 kN.

(3) In segment (D, the shear i
wiformly  distriouted 2t 3
magnitude of -24 kN.

To draw the Moment Diagram:

(1) The equation My = -30x B
linexr, 2 x =0, Mg =Cand 8t
X=1m, My =-30 kNm.

(2) Mxc = 26x - 56 &5 aiso Enear.
Atx =l m, My =-30 kKNm; &
T =4m, My =43 kN-m. When
My = 0, x = 2154 m, thus the
moment i§ 2er0 &t L1M4 @
frem 8.

Gl My = 242 4+ 196 B agaD
rex. Mxmdm Mp=48
Kim atx=6m Mp=0

o

. . preparation

joaded as shown in Fig

,. »
04 B 2000 Ib
| o M = 4800 bt
-
Solutl® TMy=0 IMp=0
HNNNU + 4800 = mﬁwgv EAP = WASV + 4800
Rp=1001b Ri=1900 Ib
Segment AB: A
V4 =19001b _w_ x m _
Mas = 1900x 1b-ft Ry = 1900 B
Segment BC:
Ve = 1900 - 2000 _T...al—zg;
=-100 Ib A L
Mpc = 1900x - 2000(x - 3) ﬂ
= 1900x - 2000x + 6000 X .|.._
= -100x + 6000 sk
2000 Ib Segment CD:
T; +m 6ft 3 Vep = 1900 - 2000
AL N = -1001b
) Me 0BRSS | Mcp = 1900x - 2000(x - 3) - 4800
Ry = 1900 Ib " = 1900x - 2000x + 6000 - 4800
= .100x + 1200
2000 E M = 4800 Ib.ft
A - — n.ﬂ. i o-bun Ndusaignm__no..orasunﬁ
It 1) At segment AB, the shear i
) st J\ 3R_J Diagram| " yniformly distributed at 1900 b.
Ra= 1900 Ib ' Rp=1001b (2) A shear of =100 Ib is uniformly
] p— : nﬂwasa over segments BC
; i To draw the Moment Diagram:
! Shear (1) My = 1900x is linear; at x = 0,
Diagram Mis = 0; ot x = 3 ft, Mug = 5700
: bR
(2) For segment BC, Mec = -100x ¢
6000 is linear; atx = 3 ft, Myc =
5700 bfg at x = 9 R, Mec =
5100 bt

QzauLSn+H§=moﬂu
Moment linear; at x = 9 R, Moo = 3
Diagram bf; atx=12f Mo =0.

161



that can be used in the clevis shown inp

ter bolt
¢ bolt is 300 MPa.

ig. jg
of the r =

118. Find the smallest diame
400 kN. The shearing strength

mama
P P
Solution:
The bolt is subjected to double shear VA
- 400 x (1000) = 300 X T @a&
=29.13 mm

119. In Fig., assume that a 20-mm-diameter rivet h..a:m. the plates that are each 119 mm
wide. The allowable stresses are 120 MPa for bearing in the plate materia] and 60 Mmp
for shearing of rivet. Determine (a) the minimum thickness of each plate; and (b) E”
largest average tensile stress in the plates.

T P
6 110 mm
!

p

20-mm &
p t h / t
B Pt ! P
S SIS LSRIS S e, Yokl L4 s
” [ AR I CHALALLTL UL LA LY m—
~ Iy

i
Solution:

(a) From shearing of rivet:
N.v = .F.w._e.w
=00[ § 7(209)
= 60001 N

From YE.SW of plate matenial:
P=qgiAs

60007 = 120(20z)

t=785mm

(®) Largest average tensile stress in the plate:
P=g4
60007 = 6{7 85(110 - 20)]
¢=26.67 MPa

. Pre M:.DQO:
AL pEeEp 175

. hown in Fig. is fastened by f, Yein di
_c:: S L cC by Tour Yi-in diamet, i
fe load P that can be applied if the shearing stress :.n”_“ﬁ”f

o s ﬂ—.—ﬁ —Nﬂﬂm mm —.m & i
he bearing stress in p mited to 18 ksi, A
= puted among the four rivets. ssume th

{he 1ap Calculate the

ets is limited to
€ applied load is

1

e
* T e

, 7/8in

)
..
—TIt
=

[i11)]
w
|

tion:
Solu Based on shearing of rivets:

P=1A
P=1414(3m(3)*)
P=2474 kips

Based on bearing of plates:
P=o Ay

P=181 )@

P =47.25 kips

Safe load P = 24.74 kips

§ 1L In the clevis shown in Fig., find the minimum bolt diameter and the minimum

{ thickness of each yoke that will support a load P = 14 Kips without exceeding a shearing
{ dress of 12 ksi and a bearing stress of 20 ksi.

—




