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Formulae at a Glance

Kelhe P-S:

Sr. Name of the Parameter Formula Unit (SI)
No. Topic
1 Properties of Mass Density p=m/Vol. ~~ kg/m’
Fluid Flow
Specific Weight v =W/Vol N/m”
Specific Volume Sp. Vol =V/(p orvy) m'/kg,
m’/N
Relative Density S=p/pw =5 Iy No Unit
Dynamic Viscosity w =1/ (dv/dy) N-s/m’
Kinematic Viscosity v =up m/s
Surface Tension (ST) o N/m
ST for Spherical Drop p=4o/d N/m
ST for Holiow Bubbles p =38 o/d N/m
ST for Liquid Jet p=20o/d N/m
Capillarity h=4g cosB/(y - v,)d m
2 Pressure and Pressure p=F/A N/m*
its p=~vh
Measurement - - B
Pressure Force on Fo=vAx N
I wvertical plane surface
Centre of Pressure H=x+I/Ax m
T Pressure Force on Li=vyA.x i N
inclined plane surface et
Centre of Pressure H=x+ [G(ginz(})/,'\x m i
| Pressure on Curved F=+(Fy+F%) N
[ | Surface |
{L 3 Buoyancy | Metacentric Height GM =z ((I/V)- BG) M J
@ Relative | [Fluid Mass subjected to dz/dx = -a, (g +u,) - |
\Qgcj* Equilibrium uniform linear
b acceleration B
Liquid containers s. t. P=p.t (ya/gd(xg—x) + v{ zp — N/m’
constant horizontal 7)
acceleration
Liquid containers s. t. P=p.tyh(!+a/a) N/m’
constant vertical
acceleration
Liquid containers s. t. p=p.+vy/g (0’ r*/2) v (z-2z) N/m*
constant rotation
5 Fluid Velocity V = ds/dt M/s
Kinematics
Continuity Equation dp/at + d(pu) ax + d(pv) ay +
(3-D. (‘Ulnp['cssi‘hfc, unsteady, pw) dz =10
nonuniform)




Continuity Equation gu/ ax + av/ dy +aw/ dz=10
2D, compressible, steady, uniform
Continuity Equation Q=A,V,=A; V,=AV;=C m’/s
1-D, Steady, Incompressible P
Acceleration a=dv/dt #_Q}i;;_(
X component u(au/ ax) + v(au/ ay) + w(du/ 9z) m/s”
+au/at=10 2 au
Y component u(av/ ax) + v(av/ dy) + wav/ dz) m/s”
+ dviot=10
Z component u(aw/ ax) + v(aw/ dy) + w(aw/ m/s”
dz) + ow/at=0
Tangential acceleration a,= V,(dV,/ ds) + (8V,/ aY) m/s”
Normal acceleration a,= V,(8V,/ds) + (dV./ o) m/s’
Rotation Z- component w, =Y [(av/ 9x) - (du/ 3y)] rad/s |
Rotation X- component w, = ¥ [(0W/ dy) - (0v/ 87)] rad/s
Rotation Y- component w, = Y4 [(8u/ 3z) - (aw/ 9x)] rad/s
Circulation [ = [(av/ dx) - (du/ dy)] 6x By
Vorticity C ={(a‘v’/ 9x) - (aLl/ ay)] =w, Rad/s
Velocity Potential ¢ u= -(d¢/0x) = - (ddiav) /s
w= -(d¢/0z)
Stream Function v u= -(dw/dy) v = (0y/dx) m/s
- dw =-udy +vdx =
Laplacceqn.in ¢ | (9°¢/0x)) + (3%!ay") + (3°6/9Z7)
: 1 5 = | il
Cauchy-Rieman Eqn.s {(aiax) = (0w/ay) '
- (09/3y) = (dy/dx)
Fluid Equation of Motion | Ma=F,+F, +F, +F +F F. N
dynamics L 5
Reynelds equation of Ma = S S O N
Motion .
Navier-Stoke’s equation Ma=F, +E; =T, N
of Motion
Euler’s equation of Ma=F, 1L, N
| Mation
1 Fuler’s equation of X = lplap/ax) = u(ou/ ox) +
| Motion (X-component) v(du/ dy) + w(du/ 9z) + du/dt
' Culer’s equation of Y - /p(ap/dy) = u(dv/ 9x) +
. Motion (X:component) v(dv/ dy) + w(dv/ dz) + dv/at |
' Euler’s equation of 7 - 1/p(8p/az) = u(aw/ ax) + |
Motion (X-component) v(aw/ dy) + w(aw/ dz) + Iw/di
Force Potential QQ X =-(0QUax), Y = - (0Q2/ay),
7 =-(aQ)/8z),
Bernoulli’s Equation Ply + V2/2g +z=C
Kinetic Energy a=(1/AV?) [a v dA
Correction Factor _
Discharge through Quae=Ca Qu. - m” /s
Venturimeter G [a.zlg\f(Zgh)]/ \f(alz - a]]]




Discharge through orifice

Q;IL‘i = Cd ch‘
Cy = [maeh))/ V) - ar’)

m” /s T

Velocity by Pitot Tube V =(2gh) m/s
Momentum Equation YF = pQ [Ba(Va)- Bi(V)] N
Momentum Correction B =(1/AV?) fa v dA
Factor “
Conduit Flow Reynold’s number R.= F;/F,=pVD/u
Darcy-Weisbach he=4f LV*/2gD m
Equation
1. Loss of energy due to he = (V-V2) /2¢ m
sudden enlargement
2. Loss of energy due to he =05V /28 m
sudden contraction
3. Loss of energy at the h,=05V"/2g m
entrance {o a pipe
4. Loss of energy at the hy=V'/2g m
exit from a pipe '
5. Loss of energy due to e = k(V-Vo)' / 2¢ m
gradual contracticn or s
enlargement
6. Loss of energy in ho=k V1/2g m
bends ol
7. Loss of energy in h =k V" /2g E m
various pipe fittings : . I
Flow through Long pipes H=V'/2g(1.5+fL/D) | m
Pipe in series H=4f|L 1V.2 f2gD), m
+4f, L, V4' /28Dy
+4f; Ly V5 2/ 2eDs
Equivalent pipe LIDP=LD +L/D 2 Ly/Dy
Pipes in parallel he = 4f; L V4" / 2gD,
= 4t‘3 Lg ng / 2%1.)3
Flow through a bye-pass T Q=(Q+q) m’ /s
; 3 ! 1+ [(D/d)’ (I+kd)/L] B
| Branched pipes Z,=(ply + Zy) +hy
| ! (ply ~Zs)= 2y +hp
(ply + Za) =75 the
i Q= +Q
Siphon H=V /2g(1.5+1{L/D)
Head Loss i1 Tapering | he = 4 Q L’ [(1/¢%) — (1/ (L + I)'Y/ m
Pipes ' 2¢ W D’
Heads Loss due to by = (f/D) (V* / 2g) (L/13) m
friction in pipes with side
tappings
Time of emptying a t=[8A V1.5 +(f1/D)(H,"* = H,"%)] S

reservoir through pipe

/n D? \bg




Transmission of power P=yQ(H-hy, W
through pipe H =3 hg, for Py ™m
8 - Boundary Nominal Thickness & 15 y at which u=0.99V m
Layer
1R Theory
atls X Displacement Thickness 8% = (V-u) dy m
S Momentum Thickness 0= (/V) [1-(u/V)] dy m
Energy Thickness Se=1 (W/V) [1-(u*/V?)] dy m
Prandtl’s Boundary 1) du/ ax + av/ dy =0
Layer Equations 2) u(au/ ax) + v(u/ dy) =
-1/p(ap/ax) + v (8%u/ ay?)
3) -l/p(ap/ay)=0
Momentum Integral
Equation of Boundary | d(V?0)/dx + dV/dx (V&*) =1,/ p
Layer
Laminar BL u/V = vy/d
8/x =k V (xv/V)
- 0=V pV*/ xX)
Cr=1328ARe;
3*/x = 1.729 / \Re,
, 0/x = 0.664 / VRe, |
i ) Turbulent BL WV = yo)" ]
B ] 8/x=0376/ (Re)"™ -
C,=0.074 7/ (Rer) " |
Lamiinar Sublayer 8 = 11.6 v/ (1/p)
Hydrodynamically (V¥ k) /v <5
smooth boundary i
Transition SV k)/v<70
I Hydrodynamically (Vxk)/v>T70
b smooth boundary
9 Laminar Relation between shear at/ dy = dp/ ax ,
Flow and pressure gradient N
\ﬁ(}{ Laminar Flow through |t = (- apfax) /2 N/’
Qg(f circular pipe, shear To = (-dap/ 9x) R/2
i : stress N
Velocity distribution v=1/4p (-ap/ ax) (R* - 1) m/s
Max. velocity Vi = VAR (- 3p/ 9x) (RY) m/s
[ vEvem [ = (7R)] m/s
Discharge Q= 1/128p (- dp/ ox) (DY m'/s
Average velocity V= 1/32u (- ap/ ax) (DY) m/s
V= v 2 m/s
| Pressure difference (pi=p2)=32pVL/D? N/m’
Pressure ‘lifference (pi=p) =128 1 QL/ 7D N/m’
Head loss due to friction hr=32uVL/yD? m
Friction factor f=64/Re
Shear velocity \f('cn p)=V*=V N (f/8)




Laminar flow through
fat plates: Plane
Poiscuille’s flow

Velocity distribution v=12p (- ap/ ax) (By - y?) m/s
Max. velocity Viax = B8 (- ap/ 9x) m/s
Discharge per unit width q=BY12u (- ariax) m*/s/m
Average velocity Vo= B (- ap/ 4x) m/s
V =2vpu/ 3 m/s
Pressure difference (p—p)=12pVL/ B’ N/m’
Head loss due to friction hy=12uV L/yB’ m_
shear stress T = (-9p/ax) (B2 —vy) N/m~
To = (- dp/ 9x) (B/2) B N/m~
Laminar flow through
flat plates: Coutte flow
Velocity distribution v= (U/B)y- 172 (- ap/ dx) m/s
(By-yH
Discharge per unit width q= B3/12p (-dp/ ax) m*/s/m
Average velocity V = BY] 21 { - ap/ ax) m/s
V=2v./3 m/s
Pressure difference (pi=p)=12pVL/B N/m?
Head loss due to friction =121V L/yB° m
j shear stress T = (U/B)+{-ap/0x) (B2 —y) N/mf
L To = (= dp/ dx) (B/21 N/m*
Laminar flow through T n/s
_porous media
Stoke’s law Fo =3ruVD N
L - Terminal velocity V= (sz’l S (ys-v) m/s
| Coefficient of drag Cp =24/ Re




