THERMODYNAMICS &
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« CHAPTER 5
* ENERGY CONSERVATION VIDEO




A FUTURE
REALITY

* The future world society will
represent a standard of living
unprecedented in recent history.
As any society develops and
prospers, CLEAN WATER and
the efficient generation and use
of CLEAN ENERGY are both
vital elements necessary to
ensure economic and social
viability. A country's economic
strength is dependent upon the
ability to provide efficient and
affordable electric power for
transportation, the conveniences
o}]j home and workplace, and
therefore helps to build a strong
and healthy societal foundation.

This Photo by Unknown Autho.

censed under CC BY-NC

r is licensed under CC BY-SA-NC



https://rowlandpasaribu.wordpress.com/2020/11/07/climate-change-adaptation-coffee-and-corporate-social-responsbility-challenges-and-opportunities/trackback/
https://creativecommons.org/licenses/by-nc/3.0/
http://ourworld.unu.edu/en/transition-to-a-climate-smarter-world
https://creativecommons.org/licenses/by-nc-sa/3.0/

Primary Grid Power
Transmission lL.osses

70% Energy Loss from
Fuel to Community.
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https:/ /www.youtube.com/watch?v=1kUEOBZtTRc&t=3s



CONSERVATIQL
LAWS

https:/ /www.youtube.com/watch?v=VxCORJ8dN3
Y &list=RDLV_S8EEnMwkmZk&index=24



In Alaska, Wildfires and
Unprecedented Temperatures Bring
Climate Crisis into Focus

Last updated: 14 May 2023, 06:00. Data
from the Alaska Interagency Coordination

Center, which is currently tracking 54
fires in Alaska (active, smoldering or in
the process of being demobilized). Circles
4 [ represent the size, but not the shape, of
A the fire. May 14, 2023




Accererated Hxpansion of the LUniverse

Chapter 5

CONSERVATION OF ENERGY
+

CONSERVATION OF MOMENTUM
+

Dark age ——=
SR Rl radiation (CMB)

CONSERVATION OF MASS

Dark energy acceleraied expanson 8

08 nfation

imége: Coldcreation

- ENERGY/MOMENTUM/MASS is neither created nor destroyed

e Transform from one form to another



Conservation of Energy

dM

dMom .

> pV

SYsS

dt

? P dt
dE

SYS

dt

. E |
e = Total energy per unit mass = —| —
M| kg
—> e = Internal energy+Potential energy+Kinetic energy

2
:e:(u+g2+lV2j J _ m2 h:u+%:cpT(IDEALGAS) .
2 kg s

> pe

p=pRT



Conservation of Energy

Recall Mass Conservation:

dM d L4
v j@wj(v.d)
dt dt cV CS
MOmentum Conservation: Mass is carried away by the fluid particle

. d(Mom) d ~ oL
F= s _ ﬂv @V-dA)
N LL\a

Energy Conservation: ‘

dE

e g

12

Energy is carried away by the fluid particle



First Law of Thermodynamics
The Energy Equation

* First Law of Thermodynamics for a System:

The time rate of increase of the total stored energy of the system is equal to the sum of the net
time rate of energy addition by heat transfer INTO the system and the net time rate of energy
addition by work OUT or done by system.

D dQ dw
— | pe dV= — , OF
Dt dt dt
: . D
0 = W+—jpe dV, where :
Dt

O = HEAT ADDED to system as POSITIVE (+)
W = WORK DONE by system as POSITIVE (+)

e = system energy per unit mass (internal, kinetic, potential, chemical,other)

2

I

e=u+—+ gz, W = VV;haﬁ + VVpresswe + VVV”""’” B
2



First Law of Thermodynamics
The Energy Equation

* First Law of Thermodynamics for a System:

The time rate of increase of the total stored energy of the system is equal to the sum of the net time rate

of energy addition by heat transfer into the system and the net time rate of energy addition by work
transfer into the system

Q —W +—Ipe dVv, where :
Dt

W = WORK DONE by system as POSITIVE (+)

viscous

Wshaﬁ = SHAFT work done by a machine at the CONTROL SURFACE (i.e turbine/purr

W = Rate of work done by pressure forces at Control Surface (Pres x Vel)

pressure

W, =] PV e n)da

pressure

W_ = Shear work due to viscous stress at Control Surface

viscous

14

viscous

= - j T e I7dA; Small except for Boundary Layers close to surface



Conservation of Energy

: - dE. d = -
—W. = = edV+ | pelV-d
QCS (6A) dt dt (/:“V IOJ é‘; p ( l )
Storage Transport
i X @ term term

15



Conservation of Energy

dt cv CS p
=0 -W. _4 j p(u+gz+1V2j dV + j p(p+u+gz+1V2](l7-dﬂ)
dt cV / J 2 CS IO 2
Net Heat Shaft Storage /
Transfer work term Transport
term

a. Select governing principle
b. Select control volume

Assess all the heat transfer and shaft works

&= °

Assess storage and transport terms

Put it altogether

o

Finish calculations for unknown

™

16




Conservation of Energy

Things to Keep in Mind with Energy Conservation

e Control Volume Selection 1s Critical!!!

e Cut a surface — account for energy transfer across surfaces

* More things to know at inlets and outlets

* Transport terms have: u, p, p, z, v

* Dot Product — same as before

I7 . dZ — (Slgn) ‘V‘ dA [V| is total velocity — Scalar!!!

17



Different forms of Energy Equations

* Easy to remember

“Most basic” Form

~ » Can always work to simpler form
Q _I/Khaﬁ :(—jpe dV) +(Ip(e+£j(l7-d2)j
dt v P Cs

d
STEADY STATE — — [ pe d¥ = 0
dt

UNIFORM FLOW — p(e+ gj #= f(dA)

yo,
and jp(ﬁdﬁ) = I”h[COS (9]

. . 1 . 1
O -W, =) m (3 tutgzt—V j—z m (3 tutgzt—V j

, P 2 yo, 2



ENTHALPY

Enthalpy, a property of a thermodynamic system, is the sum of the system's
internal energy and the product of its pressure and volume. It is a state function
used in many measurements in chemical, biological, and physical systems at a
constant pressure, which is conveniently provided by the large ambient

atmosphere.

IDEAL GAS

pl—5]
X i ey S I | S [ / }T[K];
kg kg ,O[ kg } “l kg — K

g[WATTS| = m [k—} c, [ J }AT[K]

19




Class 12: Different forms of Energy Equations

COMPLETE FORM[WATTS or ft-lbs/s]

L , 1 . 1 .
ch —Wshaﬁ :Zm[h +gZ+EV2j_;m(h +gz+5v2j+2mmg(hLWM)

out

2 2

HEAD LOSS FORM: SINGLE INPUT/SINGLE OUTPUT[m or fi]
z/lin _uout _ Vf/&’haﬁ — pout B pin Vout B V

ch + : + = T Zout ~ Zin T (hLIN our )
mg g mg  pg 28 _

2

) u, —u W, —p. V-V
hl — FLOW HEAD LOSS: ch + in out (hL]N_OUT ) _ shafi + pout pm + out in_ 4 Zou —z

t m

mg g mg  pg 28
. Flovxi{ate m3
I
Eficiency(1),, - .
shaft
— [m]

LFLOW




GENERAL ENERGY EQUATION--MULTIPLE IO STREAMS

2

V
QCS B SIDL‘4L Z(mg(—+—+—+zl)) Z(mg(pz . +Zz))+ZHL;W orﬁ—lbf/s;
in 7 g 2g out g 2g

L.E Ir— | | UNITS: WATTS or FT-LBF/s
w

Sippar Twrbinepppy; P ”mpII)I:‘AL;
H [Watts) =iy (kg / s)\(g)h, (m)=1ig(h +h,. +h.. )—> Total SYSTEM Losses; - OR
H, [ ft = Ibf | secl=my(slugs / s)gh, ,([)

(one INLET/one EXIT) —
Energy Equation — "m;ft" — (+mg)

. 5 . 5
ch n Wpumpu)EAL + pl _|_ﬂ I/l _ WTurbine,DML n p2 n u2 V

: : + : +2 +Zz+th(m);
mg mg y g 2g mg y g 2g

h +h =h +h, +h
P IpEAL 1 TipEar i 2 ak UNITS: m or ft
V.
hminor (m) — z 2

2g

major

.., »—> Thermal Losses




Different forms of Energy Equations

“SINGLE Input = SINGLE Outputs” Form

. V.
pm I pout + out + 7 -|—L0SS€S
in out
y b g y ) g __ BERNOULLI=0

0,

e [t’s Bernoulli if losses are ZERO

in

u. —u

Losses(hL) = —( :
mg

» Units of each term are meters or feet

*Fluid losses show up in terms of “heat”

Head loss represents reversible &
irreversible processes.

_|_

8

out ]




Energy Equation Example #1

Problem #1: Air [R=1716, cp=6003ft.1Ibf/(slug.’R)] flows steadily, as shown in Figure
below, through a turbine that produces 700 hp. For the inlet and exit conditions
shown, estimate (a) the exit velocity V, and (b) the heat transferred in Btu/h.

DRIVING PRINCIPLES

Mass Conservation (change in area)

., W, =T00HP

Energy Conservation (heat and work at CV)

D,=6 in Turbomachine

P,= 150 Ib/in?

T,=300°F /

D,=6 1n
P,= 40 Ib/in?

V=100 ft/s

T2=35°F
V,=?

23



Energy Equation Example

Solution: The conservation of energy equation -
. . . 1 p p
Oin =Wonan = ”{(uz _u1)+§(V22 - )+g(z-2)+ ( 2,0 lﬂ

| 1
:>Q Whaﬁ (U2+&J+—V;—[ul+&j—llflz}Zzzzl;h=u+£=c T';(IDEAL GAS)
p) 2 p) 2 p 7

1 1
=0, Wy = cpT2 +5V22 —c,T; —EVf}IDEAL GAS

Now determine the air density at the inlet and at the exit

1500b/in*)(144in* /1 /t* 2 L2y g2
B (15010/in?) (144in 1 £ 00166stugs/ ', P _ (401m/in”)(144in /1ﬁ):0.00679mgs/ﬁ3
! (1716 lﬁ_”}zOJ(46O+SOO)oR RT,  (1716)(460+35)" R
slugs —

Mass flow rate

iy, = pV; 4, =(0.0166 slugs/ ) (100 ﬁ/s)LZ( in fj } 0.325slugs /s

Now iy, =1, = p,V, 4, =(0.00679 slugs/ fi*) (¥, ﬁ/s)(_(ﬂ ﬁj ] 0.325 slugs /s

24
=V, =244 fi/s



Energy Equation Example

Now the conservation of energy equation -

. . . 1 ) 1 ) | p
Qin_VVshaﬁ =77’Z|:CPT2 +§V2 _CPTI_EVI :|, h:u+;:cpT

o 1 2
6003 ft.Ib/(slugs” R ))(460+35)" R+—(244 ft/s)
=0, = (700hp)(550Mj+O.325(Slugs/s) ( /( )> 2
hp ~(6003 fi.lb/(slugs.” R))(460 +300)’ R—%(IOO fils)

= 0, =385,000 ft.Ib/s +—1,566,027 ft.lb/s

s
3600 —
0, =-1,181,027 fi.ib/s = (~1,181,027 ft.ib/s) h ;(conversion—778'2ﬁ'lb)
778.2( ft.Ib/ Btu) BTU
= Q = 5,463,502 Btu/h e The negative sign indicates that heat transfer is a loss from the control
! surface.
S
3600 —
(700hp)| 550 felb)s h
hp )| 778.2( fi.lb/Btu)
W _ .

nthermal - Q

H

5,463,502 Btu/h

25



Energy Equation Example #2

Problem 5.113: Water is supplied at 150 ft’/s and 60 psi to a hydraulic turbine
through a 3ft inside diameter inlet pipe as shown in the Figure below. The turbine
discharge pipe has a 4 ft inside diameter. The static pressure at section (2), 10ft below
the turbine inlet, is 10in Hg vacuum. If the turbine develops 2500hp, determine the
power loss between section (1) and (2).

p, =60 pSI
Solution: For flow between section (1) and  section 1 § =37 iEE
(2), the energy equation can be written in loss I
form as
2 . 2 Turbine
Pin Vi +z, = WS + Lou V"”Z +z  + Power Losses
y 28 mg Yy 2g 10 1t ~
1 .
—power loss = m[E(Vf —Vlz)+ g(22 _21) [[92 d ﬂ - Wshaﬁ P2 = 32:'&'mHg
P D,=4 ft
] .
_ Py~ P i \Section (2)
= pQ ( ) g( Z1)+ . +Wshaﬁ
From given data 14.6558 nsia 144in?
: sia 144in
p, =10 in of Hg =(-10in) P — —705.831b/ fi* 26

299"He  fi



Energy Equation Example

150 1’
Also V1=Q= Q2 :( fz/S)=21.22ﬁ/S
4 7D} /4 z(3f1) /4
Now . e 2 2
ml_m2 pin in +Z _W +p0ut I/out_l_Zom
=0 =0, 4 & 728
2
S W W 22f/s)( /1) =11.94 fi/s
4, ; (41t)
—power loss = pQ (V -V )+g(22—21)+£p2_p1j]+Wshaﬁ
1o,
11.94° -21.22° f#*
3 3 2 S2

550 ft.lb/s
~(705.8316/ fi*)(~601b/in” # 144in’ f1*)

(1.94slugs/ﬁ3)

= —power loss =-301hp

. Wowa _ Wiew —L0Ss _2500-301 _ 870
VVideal VVideal 2500

+ Losses

27



Systems w/Turbines and Pumps
(SINGLE INPUT/OUTPUT)

* When fluid passes through a turbine, the fluid system is DOING
WORK (SHAFT) on the surroundings.

* When fluid passes through a pump, the pump DOES WORK on the

fluid.
: ' 2 2
QCS + uil’l _uout _ WSh.aﬁIDEAL — pOut _pil’l ‘I‘ Vlelt Vll’l _|_ Z — 7. +ﬂ
mg g mg g 2g " mg
I/Vshafz‘,[,m _ VVz‘urbine,DEAL a WpumplDEAL I [m] = H [[p ower ]
mg mg o mg
f f 2 2
WPump,DEAL _ WTurbine,DEAL 4 Pout — Pin + Voul Vm +‘z, . —Z + A
g g pg 2g me
hpy =hppey, 0y, —h,+h,  (head — ft:m)

IDEAL FLOW

. PumplDEAL [W] - hP [m]mg’ WTurbinelDEAL [W] - hTIDEAL [m]mg

IDEAL
2

— Pout Vout
Dy ’ + or +z

. u, —u, 2
[m]={§.2“+ . }h pyy =Lin iy 7
y 2g 28




[sentropic Efficiency (2nd Law)
g U .L()SS s

77 _  DPippar-v - Pacruer-iv
Pump W B W
PacruaL-iv Pacrudr-iv
_ Turbine yeryg-our _ Turbine yerygr-our
nT urbine r

Turbine ycqy41our

T I/VLOSS

Turbineypg 1 our

YOU HIRED CALLEDR - HE sAIl

SIR, THAT EFFICIENCY EXPERT
HE'LL BE FIVE HOURS LATE.




Mass, Momentum and Energy

* Water flows steadily
through an end cap and
exits as a free jet and
contains a filter. The axial
force to hold end cap
stationary is 60lb.

— Pipe Weight =200Ib
— Flow Volume = 20ft3
Determine the head loss.

* Mass (change in diameter)
* Energy (flow loss--filter)
* Momentum (external forces)

Area = []-.12 ft?

T = 10 1/s

IN

30



ENERGY/MOMENTUM/MASS

2 v,
pm 4 —in +Zin — pout + out +Zout+LOSS6S
y 2g /4 2g

o |
py =L Pow | Zin —Tow . 0; Free Jet
pg 28
— pzn 1 Vli o Kif
Momentum LEL 2g

D NS Y

out
T ZFy = —Ry + pm14m + poutAout SiIl@ W =0+ (_Vo
W = Weight of pipe and weight of fluid

W=2001bf +20 fi* ey, %{ 200+ 20%62.4 = 14481bf

i SINO =V, )it

124

Mass Cons

Vout_ 147” in O lzﬁ 1Oﬁ_12ﬁ 31
A, " 010/ s s




ENERGY/MOMENTUM/MASS
D ViV

"= et g
T F =-Ry+p,A4,-W=0+(-V,, sin®@-V, )

( V,,sin®@—V, Jm+Ry+W
A

m

_— MASS CONS

V,sin® -V ijme +Ry+W

A,

m

zﬁsm®+n

out

Ry+W_pAinV:”2(

A,

m

£ 0.12

6OUQf}+W[Hy]—194Si?SOI2f 7100 (o sin30+1)

0.12[ fi* |

32



=2.35/t+

0.12 f#°

L ENERGY LOSS

62.4— %
Jt

33



FLOW POWER LOST DUE TO "h, "
<[]

1bf =X |

e

}.)LOST [Ap]=m

[ slugs

S

| stugs

S

} [ﬁJh [ /2] > [ibf — Jils]e

P

SIbf = fils

34



e
N\
Water flows steadily in a pipe and exits through an end "H\
cap that contains a filter as shown. |
HFilte
Out o4 ":,\.:"": i . e
The pipe weight is 200 |b, and the flow volume is 20 T ﬁef__bf
ft3. The axial component, Ry, is 60lb, and the flow k_uﬂ‘::__rjlpe
head loss is 15 ft-lb,/slug Area = 0.12 ft f
V=10 ft/s
in
Ib, —s’
(1slug = )

*What is the magnitude and direction of the total anchoring forces (Ibf).
*Provide a plot with derivation for Rx vs Theta, for theta going from 30°
to 90°in increments of 5 degrees.

FOUR Equations, FOUR Unknows, P, ,
LAWS:

Momentum X

Momentum Y

P

out 2

R, .V

out *

Mass Conservation

Energy Conservation 35




Energy — EQUATION 1

Jt—Ibf
15 5 Area = 0.12 ft
— —SCC V=10ftfs
(s Si=lof T lbf f
poo15 /L slug St 046 fi
: slug — 32.2ft/s> 322t/
2 2
Pin_, Vi +z = Pou_, Vo +z .+ Losses
y 2g y 2g
. 2 . 2
hl — pin pout 4+ I/m I/out ;pout == F’,.ee Jet

pg 2g

2 172
pin _pout — _(V;n I/out]+hl
Yo7 28

36



MOMENTUM Y/MASS

: = «+—Filter
Momentum — EQUATION 2 T J( j g
. . Area =
ZFJ/:%_FZ( Ouf_)m_z(vini)m } ]?ﬂ /=10 ft/s
out in

T ZFy — _Ry+pinA7'n +p0utA0ut SIn®@—W = <_I/0ut Sln@_l/m)m
W = Weight of pipe and weight of fluid

W=200bf +20 f o 7, %{ — 200+ 20*62.4 = 144815/

m= pQ
MASS —

2
Vout — Am in O 12ﬁ2 Oﬁ _lzﬁ
A, " 010> s s

37



MOMENTUM X

Lol - Fllter
e r..'.'.: - i
“1 : o
] g — P|pe
-__F';‘J 3 -_‘_'_-P‘-{—-_

Momentum — EQUATION 3 ik fl":m“f’%

Z F % + Z (uout —)m _Z (Mm +)m

— ZFx =—Rx+p, A  cos® = (—Vom cOS @)m +0

Three Equations, Three Unknows, Pin, Pout, Rx.

38



Energy — EQUATION 1

157ﬁ_lbf
ft—Ibf Ibf —sec’
p=15 L1700 shug S _o.46
slug 322ft/s 322ft/s
2 2
&+Q+zm = Pou +@+ZW + Losses
y o 2g y o 2g
s, p _ p 2 2
— —~ h — in out + in out ;pom +* Free Jet
(RH\“H -{L =B "
T‘Z(EFIEE;S‘G pl_ Pow _ _( sz — V02ut j_'_ h
y 2g :

Momentum — EQUATION 2

Z Fy = gdtg/ + Z (Vout i)m _Z (Vin i)m

out
T ZF,V = _Ry + pinAin + poutAout sSin®—W = (_I/Out sin® — I/m )m
W = Weight of pipe and weight of fluid

VV=200HyV+2OjF.77%g::200+20*624:144&hf

3

m= pQ
Mass

4, 0.12f2* ft Jt
v o =—ry = 10£L==12<-
out Aaut in 0.10ﬁ2 S S

Momentum — EQUATION 3

S =S =3 G,

out mn

> ZFX =—Rx+p,,,A,, cos® = (—Vom cos @)m +0

39
Three Equations, Three Unknows, Pin, Pout, Rx.



EQUATION SUMMARY
Energy — EQUATION 1

2 2
pin _pout — _EV;n V;utj+h[
Yoy 28

Momentum — EQUATION 2
pinAin + poutAout Siﬂ@ o W - Ry + (_I/out Siﬂ@ - I/m )m

Momentum — EQUATION 3
—Rx+p,,A,, cos®=(-V, . cos®)n+0

out = “out

Three Equations, Three Unknows, Pin, Pout, Rx



MATRIX FORMAT

_alldofl
a,,dof,
_a31a’0f1

— EQUATION 1 EXAMPLE

pin _pout ‘|‘0:hl— in

a,,dof,
a,,dof,
a,,dof,

a13d0f3_ rdofl )
a,,dof, |1 dof, =+
a33d0f3_ \a’of?,)
V2 o I/oit
2g
( pln A
pout F = {FOVC@I — /
L RX

41



ELEGANT SOLUTION

MATRIX SOLUTION - NUMERICAL METHODS

[4]ix} =10}
{x} =41 )
- 1 | . -
EQUATION 1 y y P,
—><EQUATION 2 =| 4, A,,sin® 0 P, c=<R +W—m(V, sin®+V, );
EQUATION 3 0 A4, cos® —1||R, -m(V, , cos®)

SCHUARIENEBBER

TOTAL
RECALL o B G




Angle Angle Pout

(degrees) (radians) Pin (Ibf/£t2) (Ibf/£t"2)
30 0.52 395.12 352.49
40 0.70 339.58 296.94
50 0.87 298.12 255.49
60 1.05 268.13 225.49
70 1.22 247.82 205.19
80 1.40 236.06 193.43
90 1.57 232.21 189.57

Given Values

Vin 10 f/s

Vout 12 f/s

Ain 0.12 ft"2

Aout 0.1 ft"2

Ry 60 Ib

vi 624  1bf/ft"3

Weight 200 Ib

v 20 ft"\3

g 32.2 ft/s"2

Pressure In vs. Theta
450.00
400.00
o 350.00
<
§ 300.00
£ 250.00
g 200.00
8 150.00
& 10000
50.00
0.00

30 40 50 60 70
Theta (degrees)

Rx (Ib)

54.69
44.12
34.36
25.23
16.56

8.20

0.00

80

90

60.00

50.00

(Ibf)

S
=)
o
o

30.00

20.00

Reaction Force

10.00

0.00

400.00
350.00
300.00
250.00
200.00
150.00

Pressure (Ibf/ft"2

100.00
50.00
0.00

30

30

Reaction X vs. Theta

40

Pressure Out vs. Theta

40

50

60 70

Theta (degrees)

50

60
Theta (degrees)

70

80

80

90

90
43



Energy/Momentum/Mass

* The large water tank is
evacuated by a pump

with a volume flow rate of - !
5 {t3/sec with a pump = |
efficiency of 85%.
_ I/jit 3.0" 6-in. [{lameter
— Flow Head Loss=3.0 . Pump % Jet.
— Find pump work and spring Spring \1_.Fo*
deflection with linear spring W»L 1 27300y
deflection K=200Ibf/ft.

P- A

Wp[DEAL - mghplDEAL =P (A V) ghplDEAL - thplDEAL /Ft’ ictionless I’0||ei’$>X
/4

p IDEAL

WP

ACTUAL

W, yOh

_ Pippar PIDEAL
WP ACTUAL N 77 B 77 44
p p

n, =




Solution

2
pd V] ryd V.
+z. +h = 4 + AL 4+ 4 7+ Losses
Mass n PUMpP pear nepryr out
7 / /Zg e ﬁ/ 28
Vi = 2 _ys55l
A S
Energy
p=p,=V,=0,z,=3,z, =1
=20 D4 h =—L(1+3)-2=38.4ft
P pEAL 2g 1 2g ( ) f
yOh

w, =ﬂ—624lbf s o384fre— T 1 _ss6mp

ACTUAL 77p ﬁ S 550 ﬁ_lbf 77p

S

Momemntum

n _dM ‘il oy » ST
D F. = +> (u,, H)m —Z (u,, *)m How to include static friction between

S " wheels and ground?
ZF =KA=0+V,, cos&m—0 ,

1.e.
cos On . :

A= Ve e m_p % CIC;SQ =1.07 ft F = u N — always opposite to motion

jet

N= Normal Force

45
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W/ERICTHION



Road Map

* Identity Points Along Streamline
* Manometry

* Conservation of Energy + Mass

e Conservation of Momentum

* Friction Loss

e Control Volume

* Coordinate Sytem
* Free Body Diagram
* Combine if Requirg

Seek Wisdom Do You? Do,
or do not, there is no try.



Build Parametric Model to Vary Angle and

Friction Coefficient

A large water tank of diameter D =10" and height H =5’ is evacuated by a pump (efficiency of 7, =80%).
The flow head loss through the pipe jet at the exit is, the spring force is 300 Ibf, and the

2

coefficient of friction between the wheels and the surface is 0.3. Jet flow loss is 5.0—-

2g
Apply Conservation of Energy
RV A !
—+——tz+h, = +—=+—"—+z,+h \
y 2g | oy 2g i
3.0’ -in. diameter
E:})Z:V;:O Pump . Jet2
b \T
2 P Lo’
h, =|2+z,—z+h
IDEAL 2g a

2 2 2
" :(Lz.ms.oﬁ]z[aoz_z.oj
IDEAL 2g 2g 2g
_ 7/ S/ QhP/DEAL _ yf (VzA)hp[DEAL
PacruaL 77p np

MOTION



Apply Momentum

> F = %{ 3 Wty ), = (10, ),

out in

> F. =F +F, =0+ (V,cos0+)rm, —0
m, = pA,V,

ZFx =F, +F, = p AV, cos O

ZFX =F +u N =pAV, cos@

T Z Fy — %It% + Z (vout i)mout _Z Vin i)}/hin

out in

T> F, =N-mg=0+(V,sinf+), -0 MOTION

TY F =N-mg=pAV;sin6

N =mg+ pAV, sin@



COMBINE

9 ft/s  ft3/s ft ft-Ibf/s HP

—)ZF; =FS +,usN=,0AV2 COS@I(I) Theta V2 Q hp Wp Wp
30 16749 3289 261162 6,699,183 12,180

— N — — 2 & . 35 17619 3459 289010 7,798,486 14,179

T ZFy =N-mg=pAV;sin0:(2) 40 18720 3676 326281 9,354,315 17,008
, . 45 20145 3955 377883 11,658,484 21,197
N=mg+ pAV, sind@ = (1) 50 22054 4330 452955 15299241 27,817
5 5 55 24753 4860 570647 21,633,101 39,333
F +u, (mg+ pA V) sin )= pA V, cos 0 60 28918 5678 778930 34498043 62,724

65 365.05 71.68 12413.94 69,405,046 126,191
70 578.05  113.50 31129.43 275,589,099 501,071

F +pumg = pAV;(cos@— u, sin0)
Solve for V,

Analysis:
£+, (mg)
| pA(cos & — p sin0) |

Large pumping power is required due to large external reaction
force of 300Ibs combined with the wheel friction force which is a
function of coefficient of friction and water volume.

The X momentum jet exit force must balance the X spring and
friction forces. As theta increases, the X momentum force must
decrease (via COS & ), as such the jet velocity must increase to
compensate (via V3. And therefore, the pumping power must also
increase with theta.

F; + /us (y\/'vvol)
| pA(cos— pu sinb) |

Learning points from parametric analysis and thought.




Parametric Model: Tank Jet

Theta vs Volume Flow rate w/Wheel Friction

Spring Force = 300lbs .

120
100 -
80 v
- =
3 4 }
£ 601 I?C'[-@ / 3.0 6-in. diameter
(e} QS . Pump [l Jet
112 \w'S
40 1 C?\,l,}, 1.0"
/// 10 . ¥
&,
(o)
»___¢_———0———’/ 2
20 I
N R N N A A A A A
0 T T T T T

—— THETAvs Q(0.3) _’FS

—— THETAvs Q(0.2)
—&— THETA vs Q(0.1)

—A— THETA vs Q(0) 1 N
JFf

MOTION



Pump Power (HP)

Parametric Model: Tank Jet

80000

60000

40000

20000

Theta vs Pump Power w/Wheel Friction
Spring Force = 300Ibs

A

A

A A A A A

30 40

—— THETA vs HP (0.2)
—+— THETAvs HP (0.1)
—A— THETA vs HP (0)

50 60 70 80
Theta

MU
0.2

Theta
30
35
40
45
50
55
60
65
70

MU
0

Theta
30
35
40
45
50
55
60
65
70

ft/s

V2
133.51
139.22
146.35
155.36
167.00
182.54
204.40
237.84
297.68

ft/s

V2
30.16
31.01
32.06
33.37
35.00
37.06
39.69
43.17
47.99

ft3/s

26.21
27.34
28.74
30.50
32.79
35.84
40.13
46.70
58.45

ft3/s

592
6.09
6.30
6.55
6.87
7.28
7.79
8.48
9.42

ft
hp
1658.61
1803.80
1993.44
2246.72
2596.29
3102.53
3890.55
5268.48
8253.76

ft
hp
82.73
87.58
93.79
101.77
112.15
125.93
144.75
171.62
212.54

ft-Ibf/s
Wp
3,391,326
3,846,036
4,468,019
5,345,747
6,640,317
8,673,707
12,179,237
19,191,171
37,628,946

ft-Ibf/s
Wp
38,207.97
41,588.28
46,055.26
52,016.90
60,123.78
71,465.01
87,985.09
113,466.85
156,198.72

HP
Wp
6,166
6,993
8,124
9,720
12,073
15,770
22,144
34,893
68,416

HP
Wp
69.47
75.62
83.74
94.58
109.32
129.94
159.97
206.30
284.00



Truck delivers Q=1.5cfs to an elevation of 60ft above hydrant. The pressure in

4” Diameter outlet is 10 psi. If flow losses are small, find pump power input
that must be added to the water if pump eff = 80%.

OuUT

Fluid Fundamentals
Mass Conservation: Q=VA \

Must apply energy equation due to work/power along streamline. .

Energy Equation (Single Input/Output) 10 psi ————————
MM —h, +\ﬁ?<(head ft:m) IN

diameter
= 7 =h 1
P UMPpry — Proga g, Turbine,,,, — " "TIDEAL g

Hydrant
z ggut Oyf + Zout
PIDEAL-IN
77 um, =

h, = pm+’”+z ew,

7/ 2g . ACTUAL-IN .
h pin il% W _ _ Pmeaiv mghplDEAL =Vn ZOthlDEAL

=Z -z, ———— P ACTUAL-IN
Poea out n 7/ 2 g 77 Pump nPump
2 Ib l‘3
144/ | © 62.4—fl.5f—32.3ft
10 psi i 4 fl‘3 S 3779ﬁ_lbf
= 60, - A0 ) _3)3fi > input k = =
S 62.4’;’% 22 32.3 ft — input pump wor 0.80 E

_3779 L1218 I}L[be
55504

S

= 6.48HP




Energy Conservation + Momentum

* Ventilation air at 530R and 14.7
psia uses a 3/4hp fan to produce
steady air velocity of 40ft/sin a
24” duct, find maximum fan
efficiency and thrust of air on
supporting infrastructure.

1

M

q24 in. i

I
-
[
I
-

j

p

Figure P5.128
John Wiley & Sons, Inc. All ights reserved.

Fluid Type —IDEAL GAS AIR

Mass: NO
Manometer: NO

Energy: YES
Momentum: YES

54



g 24Tin_ 40 ft/s
S

2

£ |
St =h —+—2+ 7 +h 1 oy
7 2g / PipEAL /?{ 7/ zg :

Maximum Fan Efficiency; 4, =0 “ _____
])1 ~ })2, K ~ 0 Ly i L P
2
e 2— — Fan work is converted to air kinetic energy
‘ g
=24 8ft
W.i eda
Ideal =7 Q PIDEAL ;nﬁl” - ﬁ
)
14.7 psia e 14417172 EXT. REACTIEZN
}/:pg- abs g= ﬁ_lbf ﬁ 322ﬁ/S2:OO75—];
Rl 171649 «530R 1t
slug — R
3 2
S
h W,
Ideal 7/Q PipEAL ﬁp_ lbf = 0.426hp;77fa11 = M
550 actual
- ’ MOMENTUM
Wew _ 0.426

actual

= el - = 0.56 — 56% _
T = 0.75 " > D F =V =V, pO



GENERAL ENERGY EQUATION--MULTIPLE I/O STREAMS

v V?
0, W,  +D0gEeeiiyz)) = Z(mg( 242tz )+ D b [m]in, g orfi-Ibf s
IDEAL ~ y g 2g ~ g 2g

L.E I'— | | UNITS: WATTS or FT-LBF/s
/4

Sipear Turbineipgy; Pump gy’
H , [Watts) =iy (kg / s)(g)h, (m)=1ig(h +h,. +h,, )—> Total SYSTEM Losses; - OR
H, [ft=Ibf /secl=mpy(slugs/s)gh, ,(1)

(one INLET/one EXIT) —
Energy Equation — "m;ft" — (+mg)

2

Q.CS N PMV.HPIDEAL N pl N ﬁ V_l 4 Zl _ Tur f.)lmr/puu + p2 -+ uz + 1/2 —+ ZZ + hq (m);
g rhg y g 2g mg y g 2g

h +h=h+h +h
po rooe 2" UNITS: m or ft
V.
hminor(m)zz j l

L V?
h . (m)= ——
major( ) Z lDl. Zg

2g

;—> Thermal Losses




Where are we in the term?

Fluid Properties &
Basic Characteristics \

Fluid
Mechanics

N

Statics Dynamics

Completed ‘4\
First Glimpse

Completed Fundamental Others
Laws
Completed

Completed
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