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*= | Francis turbine)

Area of flow A, = ind,i]

Discharge through the runner [m
Hydraulic power (111" = yQH}kw

Runner power when v, is in direction of w,

Runner power when v is In opposite direck

ln L4 O T v.uuﬂ]]
of u, Le——— it s e

R T —

IR v\ L A LY,
Wy = e m =L )

Hydraulic efficiency
Hr g

Mechanical efficilency [umﬂh = lﬁ‘::] 2 QL «
3
Overall efficieney [n, =0, ~ T B Ly

'“?ﬂ' - QL-J-HQ

where A(QQ = leakage loss
Q = discharge entering the turbine

3 3
Degree of reaction (R): [R=14 2"Y1

Volumetric efficiency

Powaer available at inlet of vanes - @4

Runner iner!]{j‘ = --"'”{x_, = _ In
1.! o ; - ) ’

—

I
- L N
Blade efficmncyimhmm-__“i?__:.'_z_l
e

- —— A -

Specific speed .Ns: f;:Jl_’

of Tarlbine—
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« Specific steam consumption

s5c - 1000] ke
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e Forregeneration in Rankine cycle o
= Wy, : 11 b, '_'?;:-‘-[-l -y_)lh, - s ]'a
® P Hh_ h|]+][l:;—-|'1.]
e ————— —— e,
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« Applying conservation of energy for OFWH

[ ~v )l =vwh, =Talk
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e Average skin friction coefficient
(Efx): E"[\ =chx
e Average head transfer coefficient

(E: ) . }_‘1 =2h,
e Peclet No. |Pe =Re_  Pr|

For turbulent boundary laver

e |Cix =0.0592Re, ™" | (for 5%10° <Re, <107)

o |Cqp=0.074Re;!"®

e [Ny =0.037Ref’® Pr'®| (0 6 <Pr<60)

X C i S y
(i) constant heat flux at wall
hD

K

1]

N, p =4.364

(ii)constant wall temperature :I‘TIuD =3.66|

For turbulent flow

—
¥
H

N,p = 0 023Re,® Pr'”?| - Dittus Boiller relation

* Natural convection

|

B (T - T )|
e Grashof’’s number ;Grl.=———'—"‘l‘a : = m!i
1 u”

BL(T, - T.

e Rayleigh number Ra; =Gn pr,:fE[_i____li
v :

* Heat exchanger

e Logarithmic mean temperature difference
(LMTD)

T
]

;Q = !’hhch_'lTnJ ;Q = mCCC [T:_O "TC'QI

~ UA({AT, - aT.)
s . AT

TR
a1 |

* Effectiveness

* NTU method : [NTU(N)= L

®]

LT
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1 ——;xp[-—N‘(l Jr-rC)]
B 1+C

For double pipe or paraliel flow |c

; 1- exp[—N (1- C]}

Counter flow effactiveness [c= ,

N 1-C e:m[-—N(l —C)]
(il C= 1)

Radiati

Lambart's cosine law |E, ==l =0T’

Plank’'s distribution law

" 2Ry C, =6 625x1074J8
Fan =%l = lﬁ[ tc., ] 1] C, =1.38049x10J / mol.K
exp| = |-
AT
Ly 2Gy
Wein's formula |5 A
i (AT 5@3[1[%;]
Rayleigh- Jean’s formula Il;é‘z&. ); -
Wein’s displacement law 2_(M)

Aoa T=Cy! Cy3 =0.289x10°mk

Reciprocity theorem i!\l Fiz = As 5|

Radiation exchange between small grey bodies
Q2 =¢;€; AF6(Ty - T, )

Radiation exchange between large parallel gray bodies

AT -T2 ),
Q.= == —@
i - i y 1 '
. 1\
Radiation exchange between large gray concentric

cylinders or sphere

M

AC (Tf ',‘,T;.]_ |
1 A, (1 1;i

ﬁ-Q-A__Tt —— —

:
Q. =

(=3
ki

Exchange between a small gray body in a large gray enclosers

iQm. | *"5:1‘3’(1‘:4 ~T3 }
Radiosity |J =Gp+ec B,
Critical radius of insulation

For cylinder |r, =

Iy

b

|

_.E!;:ﬁ'
%

Far sphere

v
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e Fourir's law |Q=-KA dT
(dx
o Newton's law of cooling %=q =h(Ty-T.)=h.aAt
e Stefan-Boltzmann law
Q=0AT}| ©6=567x10"w/m?k*
° iQ =UA ATI U = over all heat transfer coefficient
1
g e
hy k hy
¢ General 3-D heat conduction equation
'T T 3°T q pCp oT 14T
g + Fm = - e R s
ax? ay' 3z° k K ot aadt
o o=thermal diffusivity = (in? /sec)
pCp
e« Heat conduction through plane wall [Q = KALAT
e For cylinder [li rE =0
|[ror{ ar
11 9 =dT
For sph ——|rr—1=0
o r sphere = ar[r ar]
e Radial heat conduction through cylindrical system
o FRL(T -T,)
1 nE fe r ;
e For sphere Q= 35 (T - T )
_l L—T !
e System with variable thermal conductivity
K, =k (1+BT.)
e Plane wall with internal heat generation
— e — f = - E,;
ae k| i==T-*on
. hLj . ql?|
Biot no. !Bi=——| IT =T, +—-—!
. LBl [ 8K |
* FINS

R e [_@
Long fins: =¢ ™l m Viea

-
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{E}_ = JhpkA 0y = JhpKA. (T, —Te)
Fin with insulated end:

T _cosh[m(L—?‘]]
To-T.  cosh(mL)

Q = JhpkA (T; - T_)tanh (mL)
Fin with convection off the end:

tzmh(mL)+L
mk

Q=J}W_M(T0'T-)

1 +[tan h(mL)] n?l:

Efficiency of fins |(n;, )= Qi
Qmu
[Qpas = hPLO]
Effectiveness of fins (E) B dath fin_
Qwir.lmul fin
Skin friction coefficient (C;) |C, = - t’,, -
Yapu_
Prandtie No. (P,):|p, = 2<#Ck
‘ a K |
Friction factor for laminar flow |f = &'
Darcy-weisbach equation ;
Mz |
iy = ———
L 2eD | AT
Bulk mean temperature ‘Tb = QH“J:‘H T,r.dri
. o

= |

-

Mean velocity (un)=Jun = E;I:u:_dr!

Forced convection system
Exact laminar boundary layer solution

Bon._l_ndaw layer thickness

(6) [5= 20 e ;\
;. e
i Y et |
Skin friction coefficient |C, = T‘,, = Oﬂ
| Ypu,, /Re,
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L

Otto cycle :

r Yoty _
Ve v,

Rk=C.R (Compression Ratio)

o
{“H)T_l
Mean effective pressure
[, o MR
e (1R 1)

11:]_._

Diesel cycle:

; hY
R_. =cut off ratio = —%

2

1 RY —1
[1:1—- - £
(Ry )" T[“f "1]

Pedormance parameters

If;m,_i, “LxAxKxn

1. Indicated power |IP —

2. Brake power

P wLxAxk '
o —bep = OT_IHP = 2nNT
G0 GO

B.P

3. Friction power |F.P=1IP - BP|

5D
Ir

4. Mechanical efficiency |n,, =

S. Indicated thermal efficiency (n,,)

1P |

N = ml

v
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6. Brake thermal efficiency

BP

ﬂblh = lnf xcv

7. Relative efficiency (1,, )=

8. Volumetric efficiency

Acutal thermal n

MNair standard

Volume of change n_cutriuy inducted |

MNyol =

Vs

9. Indicated specific fuel consumption

"C)= T
(ISFC)= 2L

10.Brake specific fuel consumption

BSFC = L
BP

11.Specific power output:

P = B.P
A

Comparison of factors
knocking for S.1I & C.I engines

controlling the

Factors S.X Engine | C.I Engine
(1) SIT High Low
(2) Delay period High Low
(3) R, Low High
(4) inlet tempera- Low High
ture & pressure
(5) combustion Low High
wall
temperature
(6) rpm (N) High Low
(7) cylinder size Small Large

v
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Length of open belt drive (O.B.D
(Dy =D, ')2
4C _
Length of cross belt driven (C.B.D)
- 2
(D2 4Dy )
4C

=2C +g’-(])1 +D, )+

=:20+—;E(Dl +D, )+
Velocity ratio

N D, +t S
VR="F=| -1 1-——
: N, [D2+t][ 100]
Ratio of beit tension %[:1--=e’”j

v |12
Maximum tensile strength of beit

Tnax =T ..

m

Power transmission capacity of belt drive

e e

[BT.C=(T, - Ty)v

- Centrifugal tension (T = -2

2

Initial tension [T,

" Number of *V" belts |n =l;mm-!. X Kq

aach

Buckingham dynamic load

20.67v +./bc+F,

20.67v[bc+F, | | |c=

1 _%m & Kfcv
FOS o, o,

Soderberg equation

1_ _thm +Kfﬁv
FOS " 6y O

Goodman equation

Notch sensitivity index |g=

Unwin’s formula |d =6/t
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Area of transverse fillet weld

t
A =h¢ h =
L . cosB®+sin 0

Strength of TF.W =0.832t £ T, -

Strength of parallel fillet weld
=0.707t € _Tpyr
Strength of Butt weld=h{(c,)

Frictional torque of thrust bearing by
uniform pressure theory

s  RE_R
(TI )UPT ='§Hm[*“_'—‘n :

-

2 2

Frictional torque of thrust bearing by
uniform wear theory

_ g Ry, + R, )
(Tt Jywr = um(\__ "

Power less [P, =T;.0
T; —equations for flat pivot bearing

2 1
(Tf)mvr =§-HHR _(TF)UWT =§ﬂtl-lR

" W
Bearing pressure (p;,q = 5
Strength of bearing =p,, xLxD
Bearing characteristic number =Epﬂ

Mc-Kee’s aquation
:g%HE;IE]+K
10 p' \C )] T

zri'\ T
Somer field No. S=(m (-ﬁ)
p J|C

2
Petroff's equation for puju= o [ﬂ )[%jl
P

k

0 . C .
fb =| = WA ATy ,

Life of bearing %Q {Pe] (Vi om Tev.)
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R.E

(COP),( ==

®

-

Unit of refrigeration = TR, [ITR = 3.5 KJ / sec|

Volumetric efficiency of a reciprocating compressor

_ Actual volume _

mv,

t'\'lll -

Swept volume gDzLNK

1/n

COP =

RE _h, —h,

V-C cycle
.V W.

1

h2 e }'11

Refrigeration capacity =1 (h, —h,)kw

Power input (P,

mn

)=m(hy, —h; ) kw

Gas refrigeration cycle w;, =w¢—wg =(hy —h;)=(hg=h,) R.E.=h; —hy

\ 1 ;O T )
COP = ——— e V-A refrigeration cycle |[€OP=|-¢_0 | __ "R
o Tg To — TR )
(p) v -1
& " < 1
Heat rejection ratio fact R= Qe _ 1
3 atio or factor |[HR RE COP+
Specific humidity or humidity ratio m=0.62.‘2[131?":’;D ]
— Iy
Relative humidity ¢=‘l\.f_=..PL :
myg Pyg
(P _1 3
Degree of saturation |w=2 4 E-Tvs
s \ P—Pv 4
g " | , KJ
Enthalpy of moist air |hm=| Cp,t + (2500 +1.881;)1 =
{g —
1.8P(t—-t' o
Apjohn’s formula PV.—_-PV.———-“—(————) B =WEL
2700 t=DBT
; SH
Sensible heat factors |SHF == ———
SH+LH
Room sensible heat factor RSHF=£’$—%

[RLH = RTH — RSH]

ih_jl = 0.024 xcmm (At)

I-I-JH =50 cmm (Aw)

Number of air changes =

volume flow rate of air (m3 lhr)

volume of room (m3)

Bypass factor |BPF

tﬂ

5

-"t2

1

(n=1—BPF|,

.n=t2"_t]

kw cmm = volume flow rate of air in m®/ min

—
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Normal stress when
Ox, 0, & 7, are given

; o — .
(oy +a-}.)+[—"——_: . ]casEﬁ+ I,y 5in2¢

=

=
O, =

it

o S o
) (i Y i1 ,
T, ( }mn 20+ 1, cos 20

Location of principal plane

2t
Tan20 = =Y
o, — O,
G, +0, ) =, = R
U“l2= M i st W +T;y
2 p 2
Absolute .
Ty —Os Ty — 04 Lo O 9]
Tnmleﬂrgﬁrﬁf _I 12 =al 2-2 :‘[r 32 ]]
Shear strain |y, =21,
Maximum shear stress
G *{T?
T“‘-Il'l.I =—-L—§Jq—r-ﬁ
g_+30
Centre of Mohr's clrcle=[~‘ihé.._iig]

Radius of Mohr's circle

_ fox=0y i o

Relationship between ag,,, &€, ,,

a, Ty e ) Ty 7, a,
Ey = —— -— i —— | |Eg= — = — e
“ECNE M E |f o

Is Y E|
r (o2 o
S Ml Rl 3

Volumetric strain of rectangular bar

_ [c:x +a, +0,
€, =

B J(] — 21}

Volumetric strain of cylindrical bar

L] vﬁG‘ +2El)

Volumetric strain of spherical bar
e,=8€p

-
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Relationship between elastic constant
LB N

318+ (G

2= 3k (=)l |20 (1 )} | E =
1 _ak-2a
BT m 0K + 201
Axial elongntion of the Prismatic bar

. D
AE
Deflection In Non-prismatic Bars
_ | PL, PL2

. St yed Bar |A =L 4 ——=
1 eppe .:u. AE AR
2. Clrcular tapering Bar |[A= hl"llllllnlz!

d b -!
Deflection of composit Bar
"l
Ijb] = -!':l =A =
AE + A E
Deflection due to self weight of bar
(1) prismatic Bar |A= ‘%{]lf‘
LY
(2) conical Bar |A'= “]‘1
G AL
Maximum stain ‘energy in elastic
= L ] 1

region= Eﬂ',; )— <~volume O = PP PR

Thermal expansion |6, .. =eAT 1

Thermal straln Cthormal .-:Efl"-"-r

Thermal stress |00 =t AT

In case of pure bending

{db] G -]':q ‘_‘_‘f’h" ¥ Z— :ru[ I)i
ol T A2

In case of pure torsion

ITT)

l LG rw .4
T [ - | o =\ ;’,, = . l‘j
e s metl o 1e

Bending equation | " - -
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Crop) . _STop  _ _ YTop
T poteors - € Bottom Y Bottom

Purse torsion equation for circular

l_-—-—H——!
T T GO
shaft | I R L‘.i

Comblined Bending & Torsion

"1’“=‘T[M*“ ]
SRR T . [JM +T? |

i 2 D
Equiv&lent moment

M, nZ[M-t-J_‘TF]

Equivalent torque [T, =vM* +T |

Strain energy stored due to torsion in
shaft

Strain energy storad due to torsion in
holiow shaft

2 2
st - Emﬂ,[ﬁ_ﬂ*z_Rn]
L 4G R

2 r
. > | e

(1)In rectangular section

q=S55 -:12
| hdﬂ 4

where S = shear force
3 S S

Umex ™ o pal|%* " bd
(2)In circular Beam
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b

(2)In circular Beam

4 S

L2 B g

R2 _Yﬂ)

4 S

(3)In triangular section

38

Amax =

bh

. EE}]

Qave T

.1

L '\J'ﬁ “1131. maru

(4)In Dilamond section

9 S

Q.d.nu =:i" ;"2"

" q“-'

h2

28

] AN A = 9avg |

(5)In I-section

qnll!

5%%(132 _d2)+

S .2
Bld

Thin cylindrical pressure vessels

-PD||, . PD . pD
T Ty T

= PD -2 1—-2 Wt 6—4
STy A et d 4tE( Wl &y ( ")

Thin spherical pressure vessels

G =0 =P-Earcrncr ==--EE
e Y D ¢ LT
2,2
Euler's Buckling load (P, ﬂzE'I-
Ll.'l
End condition of columns
1. If both end are hinged|L, =L

2. If one end Is fixed & other is hinged

L,=L/J2

3. If both end are fixed |L, =

;1_‘
2

4, If one end is fixed and other Is free

L, = 2L

Stiffness of spring

Gd4

K=
64R3n

b
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Temperature Kelvin = ¢C + 273.15

Non flow work or closed system work in various
processes

1, Constant pressure or Isobaric processw = J'pdv

2. Constant volume Process w = jpdv =0

y
-

I?
3. Isothermal process {w=pvin i‘;‘-

Ji = ’-ﬂ' ]
4., Adiabatic process |w =_L.._.___*P “1? 11-1\2
T )I'.Vu
5. Polytrophic process 'w=521_11u_v_
] —

3
Slope of isocthermal line on P-V.diagram :-.—-5_

A
Slo(;a;pl adiabatic curves on P-V diagram
= "ll' ——
v

Foradiabatic process of an Ideal gas

4. BV, =RV, 3. T

i
3. [EL)" el
B T
Open system work In various process
1. Constant pressure process w:—_[vdp = ()

2. Const. volume process (w=(P, -P,)V|

3. Isothermal process work (w= PlViln%ﬁ-
- l

4. Adlabatic apen system work

W =TYI_1 (BiVy — PV )

5. Polytrupic open system work

n
w= P,V, - B,V
| n—+1( 22 ¥ l)
Cp R R
'}'=C—:’~,Ep }CV],[T‘?ll,{CF—Cv =Rl, CV =ﬁ. Cp =~_}1_-*i~

1* Jaw of thermodynamics [5Q = dE -+ 5w|
II law of thermodynamics

1. Kelvin plank statement |1 =_@.1..(.:2__§_2_.
i

s Clausi'us statement

: (COP}H.P ""f@‘:‘% (COP)yyp —(COP)yp =1
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Steady flow energy equation

—_— -+ +—=N, +—=+g#y + -
i ke 2 i m 2 2 b I

I

dt- F et
(
Clausius inegquality |c fd Lo

Entropy d]? adql .Enthalpy :ll [ 1"\.’] joule

H KJ
ific enthal h=—
Spec Py | m Iq:

| ,
For unsteady state 1. (( = ] th, 1,

=0

Available energy (AE) = Q, -- unavallable energy (UE)

1 rI\ ‘1
TUE=TyQ; [ r‘q. e
! K.

Availability in closed system
-U, )= Ty (S, - S5\, useful work w, - |'i,[.‘!.t-:]

Maximum work = change in availability
Avallability in open system

Wmax = (h! = hﬂ‘ ) g T&l (Sl -SQJ
Irreversibility |I =T, (AS)

(Wmax < (

NIV rsit I

Gibbs function [G = H-TS]|
Helmholtz function [E= U= TS|

Maxwaeall equations

e (2] seealOF A
ov aS aPr a8 b,
CAY 35 ory (a5

- [ﬁl, ﬁ_('ﬁﬁ)r ™ [FJ'I"L . [EJV ],..

|'I_"ds_; du+pdv|, |[Tds =dh — vdp|

Tds = Cy,dT + T[% l’ dv

SV o
=y ==T il
Ly (a'r l\(avl

Coefficient of volume expansivit

pitieigl; 1
Tde = Cl.cl’l' 'I'[ r:\[{ l ¢ll:i

.l-quV
|
-]

Isothermal Bulk modulus [I{.,. = .-\f[ ‘;SJ J\
. : I

S s e

R —

Isothermal compressibili s ! @V
PrORmE Y li(, V(ﬂ" .

- — et




Page 19

Theory Of Machine ErForum

Grubler's equation II—' = :!ir 1) - & h}

Grashof's law 1{:4 AR fp: q}]

——— i

e
Numbar of instantanaoous ch\tru iNu of 1C = r(

—

Lincar vnluclty of instantannous cantre

P —

L T.’T.. = O (i ) =, I;*“:_.l"‘ }I

Coriolis acceleration |n ;‘*‘i.".mE
Minimum number of teeth of goar to aveld interference

My
{

g ] J 1 :H_
i‘;!l*l.[h ...}-\II‘I ¢--I}

—_— ——— - - -

Minimum number of teeth of pinlen to avoid interference
g ". I\
oin = % ; i 4

AR S LR "]mn \*--I
Speed ratio or velocity ratlo
1 “‘nuun dhraven

Train value - = m———
\'iilm iy Intio

l'l'

min

i
' .hI-H'.uH hiiver
- - — -

T RO
For watt govarnor %'\.‘ o ]

—t
Purtnr governor =

i o (Mg s 1)1+ K ) : |
ot > }“ \}- Cwheroe [IX = canis
tan ]

Hih
N -
I 2y

;\__- EIT& ;;‘I 2ing *{Mﬂ-‘ff','ljl*‘l{}‘
[ J 2img

Proell governor

L
bzl |

- — e <

'I".,_. = II
e 2
I, Safb y
For Wilson Hartnell governor R e
] I' et =
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pin 20

Velocity of piston |v = rm[umt}-au

2\!!12

—Hmz{]]

Acceleration of piston [n = rw” [cnsu-a-

co8 23
n

i cos I

Velocity of connecting rod |w. :Tm:-uﬂ
: 3 %
n- —sin_ e

Acceleration of connecting rod

—_— n® -1
(Les g = =07 WD i —

.(n""‘ - 8in” i}]w

Fluctuation of speed =, -,

Coefficient of fluctuation of speed {or Fiy whatl ;

N

g2

C‘S- N“‘l‘i:.--ﬁﬁ*i'ﬂ 1 = N x4 NwiA

Fluctuation of energy |o # E i .'E.-.-'.in

Coafficlant of fluctuation of enargy frr Flytud ‘E

|2€=Twie,

Natural fregquency of spring

w, =, ;I-f: rad / soc & | Fy ngl_ﬂ K Hz

C
C

Dampling factor | =

T

Eh!: = G’"M
We e

Critical damping constant [C, = Zma,

Logarithm decrement = 2”‘5
)
( H 4
J1+ 25,'-:'-[’—’—)
Transmeability = —— L

Damped frequency |m, = w1 -§°




