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Chapter — 2
Flow in Pipes and Duct
Eric G. Paterson, Department of Mechanical and Nuclear Engineering, The Pennsylvania State
University, Spring 2005
ACMV  28qiC8omgp:  a0scdiemtfaopd  3o0p0mmdoen 805 Bwupdd  Duct
00d9200pC:5 3aqpdqp: (fluid) B:eofses[gClgdaopdn Sodaacpt:y CHW & cundenser water gps
B:e08gCssC duct gpimocplsy eoogpsBisolicsgliofood ACMV 32EqiC8um  0odeL0d
0030603 93202009 3agi0dgpP: [gdaopd
Flow in the pipe and duct o333§oocomonepigpiodenclgdy Sod$¢ duct sagudsaen:

egeq|odfgs pump sagudmoeniegigdfgt: Sods¢ duct 03 [gdeclaog) friction loss (head loss)
0ged  [g&  o020pd  2cpOadgyp:  [gopdlogqaopdn  3aEqiE&umobeunadsondeumnad
cagiegelpad 0dCot p88C:qpogt Flow in the pipe and duct 9333§oocomnooepigpia? 226[gde)
e[gradog00p51 sosec0pdopl wefp§Eanaopd oousponlgdood
Objectives
(0) Bobmoplsy [9declaopd laminar and turbulent flow secfopEiod  eeqEEoptoy

§asc0pdeoqf (deeper understanding) $& fully developed flow gp:o? analysis copdoncbeoq$
(J) Piping network gpsopE pipe flow elopggdedioopd major and minor losses oo§3:gps

ogodgIod[gs(calculation) $& 83262005 pumping power gp: 0305505000560 S
() Velocity profile $& flow rate 03E:0m$00:(measurement techniques) gpzsaco3pE:
(G) Duct $& Bodma03E:530600qp: (fluid) Bss0C:o0pd908l 0532098845 Besaopd fluid

qP:0opd weg aqpicon Zero velodity [gdaopdi o3a3fgbgE:ad no slip condition vpeslaopdn slip

[g8edly o8eon 0odspbiandsE no slip [go[gEselo3p¢ velocity aopd zero [gdaopdi
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Hydronic Piping System Ceppieledleptonty

J+0 Average velocity in a pipe

(0) Recall - because of the no-slip condition, the velocity at the walls of a pipe or duct flow is
zero

() ACMV system $C flud mechanic ©ospOgpiogE  eedlgoomaopd  velodity 20pS
qésqmacgC(average  velocity) [gdoopdn  Vavg, which we usually call just V
e[padodigSipopt 32908e[4eog§320305 V 1poms efpadenp§oosdi (drop the subscript for
convenience)
no-slip condition [§®[g€:elopE shear stress $Ega5030de (friction) [gdedo0pdn pipe walls
oodeagpadopt

Van'g 1

—_—
Py

P

J Y

1

1

_7\'/'“/

Friction force of wall on fluid

/

avg avg
m = pVaugA = constant

same \ same

=5 N Y
— e

® I
(For pipes of constant diameter and incompressible flow
Va,g stays the same down the pipe, even if the velocity profile changes)

Conservation of Mass 39§
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Clepatieclostont Chapter-2 Flow in Pipes and Duct
SodeizagCioa|plidagiéi  8380geq§EaopdmagpdypBieotsg (Incompressible  flow) 82005
Bodondeagpadadiopt velocity walgpEacdeon

Vavg 00§3: we[gpe:cdeon Velocity profile 0o efgp&cdaop

Sodmagielgptacdogiay€, Vavg elgpEicdagzoopdi Mass flow rate oafgpeicdeor

For pipes with variable diameter, m is still the same due to conservation of mass, but V; # |/,

JJ Laminar and Turbulent Flows

avg

Critical Reynolds number (Recr) (flow in a round pipe) 323E:) 20 §§oopdodgpizacgod
Re < 2300 = laminar
2300 < Re < 4000 = transitional
Re > 4000 = turbulent

2003[gjgfeegden A R SAlodeIndS:008qeqpien 9§08:000:0009 00§Bsgpioofgdoopd
3203 20310 683N

For a given application, Recr depends upon
Re 00§8:0005 6320050l3ag)05gpseil ¢ wonpboopdi
e Pipe roughness
e Vibrations
e Upstream fluctuations, disturbances (valves, elbows, etc. that may disturb the flow)

328C:000an§ ©00da0p) Bodypieacgod Hydraulic number 0058822600051 ddelopE
rectangular duct qpss& circular/round/oval duct gpzaBog0depogE Hydraulic diameter ogodopq$

3520[GE: [§8aoeSn

ACMV  32Eq €8 bongpicdeab00pda30dgIdeqpegapdepoge  rule  of  thumb  §p5:03
320)g§ 2003 3a600:8050905g/05¢ (detail calculation) [giap&8Ea0o5i
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:2600:B00RoOgEde(detail  calculation)  [gepSeS3a0305  fundamental  engineering
Q0GIOEPIGPEN)  §2500p0006Iel0d0:00E0pSN  GogpCiopsion 208on:  03058599:00001
BRB§oocommepgpiad  [gSegroopd  soeslsC  e50qdecdlgooapdl  soppEionndodm
:odeloPE  0EoPqodad  0BIegeacdropd:  aBoomonfaopd  90GomodepPIg:
[g0come[opE 3208 (0) 9§:30[3d capoone’goontoopdi

Circular tube:

4(mD4)
Dy=——p—=D

Square duct: a l

_4a?
h™ 4q

a

Rectangular duct:  |[€

b

_ dab _ 2ab
E=2a+b) ™ a+b

Laminar and Turbulent Flows
non-round pipes gp:32005 hydraulic diameter 6320050106005 p54gE 00508 E 200N

D, = 4A,/P
A-= cross-section area
P = wetted perimeter

0.2 ms

Example: open channel
Ac=0.15* 0.4 = 0.06m’
P=0.15+0.15+ 0.5 = 0.8m
Don't count free surface, since it does not contribute to friction along pipe walls!
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Clepatieclostont Chapter-2 Flow in Pipes and Duct
D, = 4A/P = 4*0.06/0.8 = 0.3m
What does it mean? This channel flow is equivalent to a round pipe of diameter
0.3m (approximately).

J-° The Entrance Region
Irrotational (core) Velocity boundary Developing velocity Fully developed
flow region layer profile velocity profile
Vivg Vg / Vivg Vivg Vi /
— — e = — —
= 74 1 I
T % / i~ i
r > - i
----- < | e o ——
> s e
i
x
EE——
<+— Hydrodynamic entrance region > 7 >

Hydrodynamically fully developed region
round pipe 00d9opC B:eofse500pd diameter D §oopd flow a0pd laminar odwupdd
turbulent flow [g6§Eo0pdn ©pda0pd flow [gdeo profile develops downstream over several
diameters called the entry length Lh. Lh/D is a function of Re.

6op¢ Sodeizangfgdedicopd Velocity profile oofgodsgodia(gpt:addod cwdgoosoogd
J-G Fully Developed Pipe Flow

V = uavg = MITIHX/Z
/ /Mmax
I N r
N ._D- T -
> X
l 0
u(r) R

J-§) Comparison of laminar and turbulent flow

Fully developed pipe flows gp:og€lgdeclaogd laminar $C turbulent flow o3elizadon
oo[gpgiod (major differences) gpsod codlgoonsaopd

Laminar

Can solve exactly (Chapter 9) LF 350905 0g05g/05a4p: [gjapdepogt agud onaogdi
Flow is steady [g620p51

Velocity profile 2005 parabolic [gdaopSs

Pipe roughness 20p5 (important) s26qg0300p9 8agj0500090upcdG0I
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Hydronic Piping System Ceppieledleptonty
It turns out that Vayg = 1/2Upmax @and u(r)= 2Vay(1 - r’/R?)

Lr >~ Instantaneous
i

Turbulent

. Cannot solve exactly (too complex) Turbulent flow [goocogogpsod  8a0gVSEOR
0Rodgede$ 6[gd§Eeol

. Flow is unsteady (3D swirling eddies), but it is steady in the mean

Mean velocity profile is fuller (shape more like a top-hat profile, with very sharp slope at
the wall)

Pipe roughness aop5 3aeeg0%00pd (important) sogegdaopdn
Vavg 85% of Umax (depends on Re a bit)

No analytical solution, but there are some good semi-empirical expressions that
approximate the velocity profile shape. See text

Logarithmic law (Eq. 8-46) and Power law (Eq. 8-49) Analytical $p5{g¢ [gooosogpsa?
oelgqC:8Ei

J+& Fully Developed Pipe Flow

Wall-shear stress

Laminar Turbulent
——
e —————————
> — -
ENREEEE——— S\Ope
e u(r) slope
— A———
Tw Tw
Recall, for simple shear flows u=u(y), we had T = udu/dy

In fully developed pipe flow, it turns out that T = udu/dr
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Pressure drop
TW
— — — ——— —— — «— — — — ]
I Take CV inside the pipe wall — . I
P——I \% P,
L _ _ [
—:_ e e e —— L =

e (direct connection) Sobea0pE{gdedl00pd 8smiogeoly (pressure drop in a pipe) $E543
[g8eclaopd SS (shear stress at the wall) G3safoypiapE cBod§ode0050905g/058 20001
« Consider a horizontal pipe qp:zacgc5om fully developed [§8[8 and incompressible flow

Q2320305 (velocity profile 2025)
e Let's apply conservation of mass, momentum, and energy to this CV (good review
problem!)

(@) 0§35gud30230059§ Ggq|dqSaa005 0§ head 23q§cB2620001
) Pump head 23q§=a0p05 Jodgpiope [gdedloog) friction loss o3wwpcd Pressure drop

0g0>000dqEEdI
) BamsogeoCsg(pressure drop in a pipe) 0godq§aa0305 velodity profile ITurbulent flow &
Laminar flow 1 Law of C M 1 Law of C ©20p) 006om00epigpiod §2300p5 2060006005

20&eomeloe ofeeesin’ eegoopd

Conservation of Mass

’Ti’?;l — ’Th;g — m
le = pVg — V = const
7 D? B D?

.
nTr TR ek

Conservation of x-momentum

Z F, = Z F:c,gra,v + Z Fm,press + Z Fm,visc + Z Fa:,oth,er = Z ﬂmv - Z ﬂmv

out in

Pressure drop

Thus, x-momentum reduces to
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D2
(P, — 102)’”T = 7,mDL

or

L
Pl —PQ — 4Tw5

Energy equation (in head form)

mi1=mMg =m
le =pV2 — V = const
wD? B D? k

(s
Wi e Vs 1

S F, = %’ aw+ Y Fopress+ Y Foise + %her = BV - pmvV

wD? wD? . .
PIT — P2T —’Twﬂ'DL :W;W

Terms cancel since B = B,
andV, =V,

Vi = Ve

Friction Factor
e  From momentum CV analysis

L
Pl —P2 — 47—1{;5

e From energy CV analysis
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Pl — P2 — pghL

e Equating the two gives

L

D

4T,

= pghr,

47y L

hi

pg D

* Head loss oeonod o§oss(predict)q§eaogod 1, 03 0g05q$(calculate) 832600051 How?
e Laminar flow: 8a0g05000p03059j05(8s oBagpopdaaciy(solve exactly)q$Eaopd
e Turbulent flow: rely on empirical data (experiments) con560R,06:00044pe R0

qoSep:0 320p{gje ogodaIedap

e In either case, we can benefit from dimensional analysis!

Friction Factor
e 1w =func(p, V, 1, D, ¢)
¢ = average roughness of the inside wall of the pipe

e II-analysis gives

II; = f

STw

f:m

Re

115 oV D

14

¢ e/D = roughness factor

D

Re

115

Friction Factor
Now go back to equation for A, and substitute Ffor z,
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Hydronic Piping System Ceppieledleptonty
.
47, L

pg D

hr =

2
W LV
D 2g

Our problem is now reduced to solving for Darcy friction factor 7
e Recall
e Therefore
e Laminar flow: f = 64/Re (exact)
e Turbulent flow: Use charts or empirical equations (Moody Chart, a famous plot of
f vs. Re and ¢/D, See Fig. A-12, p. 898 in text)

The Moody Chart
0.1 11T T T T TSI
0.09 -} Laminar T i Turbulent
[N flow — ] ﬂmy ) [T flow [},
0.08 \ e S3 Fully rough turbulent flow ( f levels off
_—
0.07 Smng s 0.05
| \ 0.04
0.06 \ B >
\ 3 0.03
0.05 \ i o
HT \\ N = 0.02
= ~ |
G —% — SN n 0.015
4 N —~
Sl 1 L e S D 0.01 Q
2\L NN =SuinmEy E 0008 ©
< = 0006 %
0.03 “@\ N 2 £
‘% N 0.004 'Eu
0.025 L = L 2
\ S 3 0002 2
\ T ]
— - -
s \ ! 3 Sinn 0001 &
R e N, L < 0.0008
-] 11 0.0006
L Material ft mm ™~ ] SL 0.0004
0015 | Glass, plastic 0 0 | a=uAll 3 .
L Concrete 0.003-0.03 09-9 [T AN TP el 3
| Wood stave 0.0016 05 ||| Smooth pipes ML 3 0.0002
Rubber, smoothed 0.000033 0.01 D=0 R~ T ey
[ Copper or brass tubing 0.000005 0.0015 1T - ~_] y 0.0001
b Cast iron 0.00085 026 Ty L as ™
0.01 Galvanized iron 0.0005 0.15 N - » = 0.00005
7 [ Wrought iron 0.00015 0.046 | NN e/D = 0.000005 4
0009 | Stainless steel 0.000007 0.002 | NI | I { f il
’ L C ial steel 0.00015 0.045 /D =0.000001 =
0.008 L ‘O‘m‘chClJa ‘eel RN N A | L LIl | ~ T~ | =111 0.00001

103 2010 3 456 8 104 2(10%3 4 56 81095 2(105 3 4 56 8 106 201093 456 81097 2(10)3 4 56 8 108

Reynolds number, Re

Friction Factor
e Circular pipe qp:320305 Moody chart o3 cBog€(developed)doopdn 2Bea0d non-circular
pipes qps320305 hydraulic diameter o3 0g05¢] Moody chart o sad3{g§Eoopd
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o Colebrook equation 20p5 curve-fit of the data [gdoopdi ogoSqodepopE sas0C
elgaguSapaopSi convenient for computations (e.g., using EES)

1 e/D  2.51
\/7

= —20log | — + ——
S\ 37 Re/f
Implicit equation for f which can be solved using the root-finding algorithm in EES
e Moody chart $& Colebrook equation $&djrocd:0005 (accurate) +15% ©§03(gda05N

oSqucﬁoaéu roughness size, experimental error, curve fitting of data owésoqlo%qp:

elopt
Types of Fluid Flow Problems

In design and analysis of piping system gps 8&E:p0[gtssC soS:0daqpiojRd[atiodo? 3
problem types are encountered [§o00§ (p) qfd[gpicon:00pdN
(0) Determine Ap (or hy) 030305098E2000i L, D, V (or flow rate) o3o8ag€

Moody chart $& Colebrook equation c30303:6j0305 odogadup(solved directly)$Ea005u

(J) Determine V, given L, D, Ap 03330qi€
() Determine D, given L, Ap, V (or flow rate) 03, 23cgi€

Types 2 $C 3 30000 3aCqiEumygp: sagp:edioyey,qeodoopd [gacosa(common
engineering design problem)qps [gdoopbi 0 sogdmeon: egegEdes $E 0§g6:eCDBesC
opSoqe§od  (pumping  costs)  eogpsodieoqs 32005 qpbgudq  Jobsagudseen:
egeq|odgc(selection of pipe diameters) [gjopocda0pd328] 0godged[e320R5
V $& D $0§pocd:o0p5 Reynolds number 320p8{gdogE iterative $00: (approach) [gCogade$
QuEsvreR!
Types of Fluid Flow Problems

a3o0b iteration cp6c8dlon Explicit relation $p5:03 32034gi8E20051 They are useful for
quick, direct calculation 3acgudonop aqE[gSen 3a6[god ABodgodog0d ABdlos 3¢t % of Sgps

(introduce an additional 2% error)co§&aopdn

o 0.97) 2 1078 <e¢/D <1072
hy =107 | 1462 (V{D) /
gD 3.7D v 3000 < Re < 3 x 108

V = —0.965 (QDBhL)O'Eln [ ; (3-17V2L)0'5] Re > 2000

L 37D\ D%,

Lo\ 475 0.04 _6 .
D =066 | (L_‘ﬁ) ey ( 2 )5-2 1078 < ¢/D < 10
ghL ghL 5000 < RB < 3 5% 108
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Minor Losses

Piping system qp:gn:d’?:ogﬁ fittings 1 valves 1 bends 1 elbows 1 tees 1 inlets 1 exits |
enlargements | $¢ contractions ©20p503 Glo&aopd

0332805323Csqps(components) 9000 3aqpdqpiegpeg,gdieotgE(smooth  flow  of
fluid)o? se00§ ssoms(interrupt) [gdeooopdn flow separation $& mixing odelopE s
oneoCsqqp: [g0ed (cause additional losses)aonaopSi

0332805323C:qp: (components) $E200563Ea005 (minor losses) gp:ogedq$

V2

h; = K;—
29

e K is the loss coefficient.

e Is different for each component. (22805223&: (component) wopag€ K 00§ sa3lgpsaopd
« Is assumed to be independent of Re. $&200583Egu&upopsoaonzoopdi

e Typically provided by manufacturer or generic table (e.g., Table 8-4 in text).

o 00ABCR5PEPI MDOBGANAARE K 0088:qpiad cudlgeusaopd

Minor Losses
Total head loss obogS system & major losses (in the pipe sections) §§ minor losses (in

the components) o3dloCoopSi

hL — hL,major + hL,m'ino*r
L; V2 vy
hr = P —
L= 2.5,

) J
+ Kr,j5—
Piping system 250pC:§ sagudondod(constant diameter)gp:eaogod h L o3 682005
¢oo0spSat ogodop 30
V2

L
hr = fﬁ+ZKL> 37
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Minor Losses

Here are some sample loss coefficients for various minor loss components. More values are
listed in Table 8-4, page 350 of the Cengel-Cimbala textbook:

K, = 0.50> Wefl-rounded (D > 0.2)<K, = 0.03>
Slightly rounded (D = 0.1): K, = 0.1
{see Fig. B-36)

of an inlet
makes a big difference.

Fipa infet
Reentrani: K, = (.80
(t=== Dand =010}

Fipa Exit
Reentrant: K, = «a Sham—edgwd@ Rounded (K, = a

===

Sudden Expansion and Contraction (based on the velocily in the smalior-diamelor pipe)

, a?
Sudden expansion: K, — (1 = F)

Mote that the larger velocity (the
velocity associated with the smaller pipe
section) is used by convention in the
equation for minor head loss, Le.,

2
by, e = K L. :

2g
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0.e

Sudden confraction: See chart.

\ K} for sudden

len&;tinn
x\\
/.'-. . -\_\H_
[} 0.2 4 hE& [LE} L.a

u|3|r||:|3
Note: These are |_ IMiote again that the larger velociny (the velocity associated
backwards. The £; valnss with the smaller pipe section) is used by convention in the
listed for Expansion should e
be those for Conmraction, equation for minor head loss, ie., b, . =K, T

and vice-versa \

]
Gradua' Expansion and Comtraction fhased on the welocily v e smaller-diameter pipel

Expan sion:
K, = 0.0Z for # = 207
K = 0.04 for # = 45°

Corbmac tion far & = #):

W, = 0.30for iD= 0.2
Ky = 0.25 for D = 0.4

-

K, = 007 for & = G0°

K = [1L15 for '@ = 0.6 i L o —

Hy o= 0010 far @' = 0.8 _,_,F-"‘_

These are for confractions

! These are for expansions !

Rerwts and Branciues
O o th bend: O Mmiter bend OF mwtar bend 45 threadad @b
Flanged: K; = 0.2 (without vanes): K = 1.1 | (with venes): K, = 0.2 K= 0.4
Threaded: K, = 0.9
T
N J45
¥ —= ¥ — —-;?' Ve *
_?l

=

hJ |

=l =

S

T20F returm e ,/'Fﬂa [branch Hﬂwl'\ ,-""fsa':lina Floweh: -\'\' Threacad umion;
Flanged; K; = 0.2 Flanged: #, = 1.0 Flargad; K, = 0.2 K, = 008
Threaded: K, - 1.5 Wm; k- _:9’ Threaded: K, - 0.3
- — N
i
(R |/ ||
-) & e —
e ¥ =
w
- !

'

—
| For tees, there are two values of K, one for branch fow and one for fing Taw. |

Piping Networks and Pump Selection
Pipe networks (j) jgdjoopSn Pipes in series $& Pipes in parallel 03[g620051

Pipes in series
Volume flow rate is constant (cocop58:58: oalgpCscddli)
Head loss is the summation of parts

99GOIC: head loss 2005 28053>3E:006983 [gbedloopd head loss codogt:dod edlt:aon: (g
[§62055n
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A
i B
le e el o2
I fo, L, D
fABL’DA B> *~B B
\@:C@

hy 1\ ,=h ,+h p

Pipes in parallel
ap00pb8:582(volume flow rate) 20pS sum of the component gpssaicdiol [§dedl20pd
Bamioqeoiqaopd  branches  3msd:opligdedioogd  Bsmsoqeolig(Pressure  loss  across)

oRéooén same
S Ly, D,

A
m
—Ae oB —»
hl_. = FIL 2
Vi=V + V=

Piping Networks and Pump Selection
Parallel pipe gp:ea0g05 perform CV analysis between points A $& B sajogp: control
volume o3 analysis cpdog€

fi- Ly, Dy
P, L= = Py<P,
—Ae eB —»
hy o =hy
Vo=V + U=V,
Va=Vg
P 1% P VE
A b Arz= "B g By gty
Py g Pg g
AP
hy = —
Pg
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Ap 20p5 branche qpsascd:l [g6ecloogd BsamoqeoligonoeomelopE head loss
oppBa0pdi branche sanxd:S[gdedloopd

. Ll Vl L2 V2
hpi = hpa =—> f1D1 20 sz2 2

Piping Networks and Pump Selection
Head loss relationship between branches allows the following ratios to be developed

E_(é&&)% VD (f_L_D_)
Va f1 L1 Dy Vs f1 L1 Do

c00d60p 326g365 (Real) pipe systems &l of non-linear equations [gdoopbi Very easy to
solve with EES! $¢ 320900000p0905098 Eopdi

analogy with electrical circuits qpss& §E:0pdgjecpandon dejagudongn so:0bo06om
GO0 E2005

Flow flow rate (VA) 20p5 current (I) [g&0op5n

Pressure gradient (Ap) 20p5 electrical potential (V) (620051

Head loss (h,) 2op5 resistance (R) [gdoopdi 93co05 however h is very nonlinear [gdaog5i

Piping Networks and Pump Selection

(o0) ACMV piping system gqpsogE pump gp: Glo&oopdi

(®) useful head 2005 pump (hpump,) & functions of volume flow rate [§62005n op&:3es50000
flow rate cOlooopde)] pump 20p5 23[Gooé: agptideso0di

(o) (Operating point of system is where the system is in balance, e.g., where pump head is
equal to the head losses.) Pump head $¢ head loss o30po8652000 9280503¢ system aopd
balance [36e520p51 oBorndes00pd point 2005 operating point [gdoopd

(@) Pump curve o3 supply curve opgjeopd: ealadecpfoopdi Pump curve gp:od pump
apoSepdopapiode affgoopd
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Pump and systems curves

Pump exit is closed to produce maximum head

C Lh ‘
J pump, i —7
. pump
40 ~K 1 y 80
L \ % ’ B
i S P 2
’ N =
30 4 N Fat 60
g ," \\\ ’J %
- A 4 .
"§ / %f— Operating 5
T ' 47\, point 2
20 7 - 0 %
1 L {=%
! - g
i - -"‘\ ) -
1) - Supply \
10 = | curve 20 No
! System curve /
i LT o
0 i’ 0 to1
0 1 2 3 4 5 6

Flow rate, m%/s

When using EES, it is easy to build in functional relationship for hpymp,u.
System curve 03§80 (determined) analysis of fluid dynamics equations ¢
Operating point 2005 (intersection) supply $¢ demand curves o3¢l 8500520251
:2onodg peak efficiency §oopdesepoopd operating point wcoiozpesagC pump 20pd OO
application 820305 20&eagoopdosewrodeon 0§eg:gde ¢0aCsesa00N
Forms of energy available in water

¢ Kinetic energy due to velocity

e Potential energy due to elevation

e Potential energy due to pressure
Velocity Head

2
Velocity Head = V—

2g

g = gravitational constant = 32.2 ft/s2
when V is 5 ft/s, V2/(2g) is only about 0.4 ft (usually negligible)

Elevation Head

Elevation head (gravitational head) = Z
Height of water above some arbitrary reference point (datum)
Water at a higher elevation has more potential energy than water at a lower elevation

Pressure Head
Pressure = force per unit area (e.g., pounds per square inch)
Pressure head = pressure per unit weight of water
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h=P/y

h = pressure head , P = pressure

y = weight of a unit volume of water
y = 62.4 Ib/ft3 = 0.433 psi/ft

1/ y = 2.31ft/psi

h =2.31*P (P is in psi; hin ft)

-End-

comEo005098,

empty




