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Darcy friction factor, f
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Classifying Flow in Conduits

Problem Statement

Consider fluid flowing in a round tube of length 1 m and
diameter 5 mm. Classify the flow as laminar or turbulent and
calculate the entrance length for (a) air (50°C) with a speed

of 12 m/s and (b) water (15°C) with a mass flow rate
of m = 8 gs.

Define the Situation

Fluid is flowing in a round tube (two cases given).

< L=10m
Flow | )

—_—

(@) Air, 50°C, V=12 m/s N—D=0.005m

(b) Water, 15°C, i1 = 0.008 kg/s

Properties:
« Air (50°C): Table A.3, v = 1.79 X 10~° m%/s
« Water (15°C): Table A.5, p. = 1.14 X 107> N+s/m?

Assumptions:
« The pipe is connected to a reservoir.

« The entrance is smooth and tapered.

AMNO-MMA

State the Goal
o Determine whether each flow is laminar or turbulent.

« Calculate the entrance length (in meters) for each case.

Generate Ideas and Make a Plan
« Calculate the Reynolds number using Eq. (10.1).

o Establish whether the flow is laminar or turbulent using
Eq. (10.2).

« Calculate the entrance length using Eq. (10.3).

Take Action (Execute the Plan)

a. Air:

_ VD _ (12 m/s)(0.005 m)
v 1.79 X 10> m?%s

Because Rep, > 3000, the flow is turbulent. ‘

Rep, = 3350

L, = 50D = 50(0.005m) = |0.25 m |

b. Water:
e 4(0.008 kg/s)
Rep = = -3 2
mDp.  (0.005 m)(1.14 X 10 >N - s/m?)
= 1787

Because Rep, < 2000, the \ﬂow is laminar.

L, = 0.05Re;, D = 0.05(1787)(0.005 m) = |0.447 m

Mnxavikj PeuoTtwv 7



EXAMPLE 10.2

Head Loss for Laminar Flow

Problem Statement

Oil (SG = 0.85) with a kinematic viscosity of 6 X 10™* m%/s
flows in a 15 cm diameter pipe at a rate of 0.020 m*/s. What is
the head loss for a 100 m length of pipe?

Define the Situation
« Oil is flowing in a pipe at a flow rate of Q = 0.02 m’/s.
« Pipe diameter is D = 0.15 m.

Assumptions: Fully developed, steady flow

Properties: Oil: S = 0.85, v = 6 X 10"*m?/s

State the Goal
Calculate head loss (in meters) for a pipe length of 100 m.

Generate Ideas and Make a Plan

1. Calculate the mean velocity using the flow rate
equation.

2. Calculate the Reynolds number using Eq. (10.1).

3. Check whether the flow is laminar or turbulent using
Eq. (10.2).

4. Calculate head loss using Eq. (10.32).

Take Action (Execute the Plan)

1. Mean velocity:

Q 0.020mJs 0.020 m?/s
V=—= = = 1.13m/s
A (wD?)/4 ((0.15 m)%4)

2. Reynolds number:

VD (1.13 m/s)(0.15 m)
= S = 283
v 6 X10 *ms

RCD =

3. Because Rep, < 2000, the flow is laminar.

4. Head loss (laminar flow):

_ 32uLlV 32pvLV  320LV
- yD*  pgD* gD’
32(6 X 10~* m?%s)(100 m)(1.13 m/s)
(9.81 m/s*)(0.15 m)*

- [983m]

f

Review the Solution and the Process

Knowledge. An alternative way to calculate head loss for
laminar flow is to use the Darcy-Weisbach equation (10.12) as
follows:

f Re, 283 '
L\/V? 100 1.13m/s) \?
=1 (1)) =026 (50m )5 Sperer:)
D/\2g 0.15m/\2 X 9.81 m/s
=9.83m
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e Piping systems include fittings, valves, bends, elbows, tees, inlets,
exits, enlargements, and contractions.

e These components interrupt the smooth flow of fluid and cause
additional losses because of flow separation and mixing

e We introduce a relation for the minor losses associated with these
components

K, 1s the loss coefficient.

2
hy = Ky
29

Is different for each component.

Is assumed to be independent of Re.

Typically provided by manufacturer
or generic Table.
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Iivokog. XovTeELESTES UTOAELOV ECUPTNUATOV COAVOGEMY

Eéaptnpa K

Tomomompévn yovia 90° 0.9
MetafoAn por¢ xaza 90°

MetafoAny pong o KAEIOT] OTPOPN KOTA o)
180° | ’
AaKOmTNG AVOIKTOG | 10
Bpvon avmxrr']- | 2.6
| Argoopdg porg ko petaforn kard 90° 1.8
Zvprapat BarBida avouyrr 0,17
2vptaporr BarPida 1/2 avmxﬁ’l | 46
Zuptapoti ParPida 1/4 avo@rr’] | | 24
Zoapwkt) BaABida avoyrm 9
Zoapu ParPida 1/2 avoryri | 36
Tarpih PaABido. 1/4 avoyyri 112

BoAPida aviemotpopng 2
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Ezaptnna Zynna LUVTEAEOTIC ATl EUDY
Kapmihn, opohs, rd K
90 ° 0.5 1.0
AP = Kgu— 1.0 0,35
2 2.0 0,20
3.0 0,15
Turvic a8° K
' 2 90 3
AP =K . L
2 60 0,8
45 0.4
30 016
ALOTOA] arToTOU j 5, 12
ou I—_T_ K= ' 1 _ ) .
AP=K— a4, o Y
2 —T—I I
8= md /4
Alarohr, 20° d,ld; K
5 Jz | . 0.20 0,30
AP =K d |8 do 0,40 0.25
- I A — 0.60 0.15
0,80 0,10
Eropo eEadou K=1.0
__ou f _1|_|
AP=K B d
EHET | e I T K= UAE( 52 ']_.
2 ! S
i 1
AP = KQ:“ 1 da
< S— 8= md2/4
Fvorohr 60° dy/d, K
- .2 _T——‘“—I' 0,20 0,08
AP=K Q:; ey ol da 0.40 0,07
= 4 T 0,60 0,06
0,80 0,06
Eréuo elcddon \ rid K
ol 0,0 0,50
AP=K—= d
2 ! 0.1 0,12
T
=02 0,03

2 VVTEAECTEG
UTTOAELOV

COPTNUATOV
COAMVAOGENDY
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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:

Fipe Infet
Reentrani: K, = 0.80
(f<< Dand ! ~=0.1D}

Sharp-edged<K, = 0.50> Well-rounded (/D > 0.2

(see Fig. B-3€)

Slightly rounded (/D = 0.1)

.
: !,_ = 0.1§>

I Rounding of an inlet

. makes a big -

Pipe Exit

Reentrant: K, = a Sharp-edged(K, = « > Rounded.‘k
Rounding of
an outlet
makes no
difference.

Suaden Expansion and Contraction (based on the velocily in the smalier diameier pipe)

2
Sudden expansion: K, — 1 - d—

velocity associated with the smaller pipe

Note that the larger velocity (the
section) is used by convention in the
eguation for minor head loss, Le.,
2
h!..m':u =K, ;,_ .
AMO-MMNA 8
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0.6

Sudden conlraction: See chart. n

) \ Ky Tor sudden
K \lenclinn
. \\

02 0.4 0.6 03

¥

|
g

%\

2n2

Note: These are |_ Note again that the Jarger velocity (the velocity associated
backwards. The K values with the smailer pipe section) 1s usad by convention in the
listed for Expansion should 2

be those for Contraction, equation for minor bead loss, 1.e., h, . =K, 5o

and vice-versa. \ £

v
Gradual Expansion and Contracton (based on the welocity vi the smaller-diameter pipe)

Expansion:
K, =002 1or 8 = 20°

Contrac tion (for §# = 20“) —
T SR 03070 d0=02 T
K, = 0.04 for # = 45° K, = 0.25 for /0 = 0.4
K, = 0.07 for # = 60° K, -015fora0=-06| | @f o

e K, = .10 for &/0 = 0.8
These are for contractions - =

! These are for expansions !

Bends and Beanches
9 smooth bend: 90 miter bend 9 miter bend 45 threaded elbow:.
Flanged: K, = 0.2 (without vanes): K, = 1.1 | (with vanes): K, = 0.2 K =04
Threaded: K, = 0.9

_:‘\
L Vo V 'Q-\ C—e
| O T TN
180° roturn bend: /Too (branch flow): L/ Toe tina flow): Threaded union:
Flanged: K, = 0.2 Flanged: &, = 1.0 Flanged: K, = 0.2 K =008

Threaded: K, = 1.5 Threaded: &, = 2.0 Threaded: K, = 0.9

L /L | s
"8 ‘/"" | =

i

V —

'U

AMNO-MMA

| For tees, there are two values of £, one for dranch flow and one for iine flow.




Kvpieg + Agutepevovoes anmiereg | ¢

e Total head loss 1n a system 1s comprised of major losses (in
the pipe sections) and the minor losses (in the components)

hL — hL,major + hfL,mz'no'r

1. V- V2
= 3 kel g kY-
pipes D 28 components 28

e If the piping system has constant diameter
L 1%
hy = (fﬁ -I-ZKL) Z

AlMNe-MnA Mnxavikj PeuoTtwv 17
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—_—— | 9000
T

Avo ueydho doyela. cuvofovtal OmmE (PAiveTal Oto ZyNua. Av 1 TaQoy OTo 000
o0

owMjva etvar 0,04 m?/s, va foeBel  mpopetowry duapood TE otdBuNg Tou VEQOU ®
h tov do 60181?0)%* Atlvetal v=10"° m?/s no £=0.046 mm.

74‘5{!“ + Az + 72 7£ =
Nepd

20° h

N =-y=z1-2; —hf
-

10m

z1-22= (Kgoos. +m+ ZK";’U}HE’ + K *-utl) + f 7 H 1dpeto0c Tov
2Q ( ZQ cwhijva elvar 10 cm,

.-1? _ Lﬁlﬁ = 5.09 m/s. now lvan antd oidnpo. g
mx 0,05
Re = 2:V9%0.1 _ 5,00 x 10"
1070
e _ 0,046 _
d 100

Am6 1o dwdyoauua Moody pPoltorovue f=0,0173. "Etol €govue:

2-22= (0,5 250.64+1.0) 309 4 0017339 5:09 _ 54 4
2x9.8 0,12x98

Erouévoe h=24,4 m. 18




EXAMPLE 10.7

Pipe System with Combined Head Loss

Problem Statement

Ifoil (v = 4 X 10~ m%s; SG = 0.9) flows from the upper to
the lower reservoir at a rate of 0.028 m/s in the 15 cm smooth
pipe, then what is the elevation of the oil surface in the upper
reservoir?

@ ; Elevation = ?
[<— 60 m
I, 7m @ =2 Elevation
D - =130m

L— 130m —

Define the Situation
Oil is flowing from a upper reservoir to a lower reservoir.
Properties:

« Oil: v=4 X107 m%s, SG = 0.9

« Minor head loss coefficients: Table 10.5, entrance =
K, = 0.5; bend = K, = 0.19; outlet = Kz = 1.0

State the Goal

Calculate the elevation (in meters) of the free surface of the
upper reservoir.

Generate Ideas and Make a Plan
This is a case 1 problem because flow rate and pipe dimensions
are known. Thus, the solution is straightforward.

1. Apply the energy equation from 1 to 2.

2. Apply the combined head loss equation (10.45).

3. Develop an equation for z; by combining results from
steps 1 and 2.

4. Calculate the resistance coefficient f.

5. Solve for z, using the equation from step 3.

AMNO-MMA

Take Action (Execute the Plan)

1. Energy equation and term-by-term analysis:

A4 \
&+a1—l+zl+hp=&+a2—2+zz+h,+h,_
28 Y 2g

Y
0+0+2+0=0+0+2+0+h
z2=2z+h
Interpretation: Change in elevation head is balanced by
the total head loss.
2. Combined head loss equation:
LV? v?
b= ) fo—+ K.
pipes D 2g components 2g
Lv? v? v? v?
hy=f=———+ <2K,,— + K+ Kp—
D 2g 2g 2g 28
V(L
=—(f=+2K, +K +K;
2¢ ' D

3. Combine Egs. (1) and (2):
Clas )
=z+——|f=+2K,+K,+K
21 =5 2% fD b e E

4. Resistance coefficient:

« Flow rate equation:

_Q _ (0.028m7s)

=== = 1.58
A (m/4)(0.15 m) m/s

o Reynolds number:

Thus, flow is turbulent.
« Swamee-]Jain equation (10.39):

B 0.25 B 0.25

f= k s7a\P 574 \|P
s (o 2] oo (0 o255
3.7D Reo49 593009

5. Calculate z; using the equation from step (3):

= 0.036

(1.58 mfs)*

=(130m) + —
7 = (130m) 2(9.81)m/s>

(0036(197m) +2(0.19 +05+10>
77(0.15 m) ©.19) + 0. ’

Review the Solution and the Process

1. Discussion. Notice that the difference is the magnitude
of the pipe head loss versus the magnitude of the
component head loss:

197 m) _
(0.15 m)
component head loss ~ 3K = 2(0.19) + 0.5 + 1.0 = 1.88

I
pipe head loss ~ 3. f o 0.036 47.2

Thus pipe losses > component losses for this problem.

2. Skill. When pipe head loss is dominant, make simple
estimates of K because these estimates will not impact
the prediction very much.
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EXAMPLE 10.8

Pressure Drop in an HVAC Duct

Problem Statement

Air (T = 20°C and p = 101 kPa absolute) flows at a rate of

2.5 m*/s in a horizontal, commercial steel, HVAC duct. (HVAC
is an acronym for heating, ventilating, and air conditioning.)
What is the pressure drop in inches of water per 50 m of duct?

“\ 0.6 m \{
> d

ﬁ)& m

=

50 m

I/

0=25ms ©)

Define the Situation

Air is flowing through a duct.

Assumptions:

« Fully developed flow, meaning that V, = V,. Thus, the
velocity head terms in the energy equation cancel out.

« No sources of component head loss.
Properties:
« Air (20°C, 1 atm, Table A.2): p = 1.2 kg/m’, v = 15.1 X
10°° m%/s
« Steel pipe: Table 10.4, k, = 0.046 mm

State the Goal
Find: Pressure drop (inch H,O) in a length of 50 m.

Generate Ideas and Make a Plan

This is a case 1 problem because flow rate and duct dimensions
are known. Thus, the solution is straightforward.

1. Derive an equation for pressure drop by using the
energy equation.

2. Calculate parameters needed to find head loss.
o000

3. Calculate head loss by using the Darcy-Weisbach
equation (10.12).

4. Calculate pressure drop Ap by combining steps 1, 2, and 3.

Take Action (Execute the Plan)

1. Energy equation (after term-by-term analysis):

P1 — P> = pghy
2. Intermediate calculations:

« Flow rate equation:

2.5m%
v=2 -

A ©3m)06m) >0k

» Hydraulic diameter:

4 X section area 4(0.3 m)(0.6 m)
D, = 5 = =04m
wetted perimeter (2 X 0.3 m) + (2 X 0.6 m)

« Reynolds number:

VD, _ (13.9 m/s)(0.4 m)
v (15.1 X 10~ % m?/s)

Re = = 368,000

Thus, flow is turbulent.
« Relative roughness:
k./D, = (0.000046 m)/(0.4 m) = 0.000115

« Resistance coefficient (Moody diagram): f = 0.015
3. Darcy-Weisbach equation:

e — (L)(LZ)—OOIS(SOHI) (l3.9m/s)2
y=f D,/\2g) 0.4m/ | 2(9.81 m/s?)

= 18.6m

4. Pressure drop (from step 1):

2
Py — P2 = pghy = (1.2 kg/m?)(9.81 m/s%)(18.6 m) = 220 Pa 0

'p1 — p» = 0.883 inch H,0
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14 14 P 14 14 14 4 14
nov PBpiokovtol 6€ andGTAON (— +z | amd T0 OPICUEVO EMIMEDO dVVAUIKNG EVEPYELNG

/4
UNOEV.

o  Meta&h Tovg KOTAKOPLEN OTOGTOCN ”%g

®  hgeo500 - Dezoson = he (01 0T@AEIES TOV GLOTHNOTOC)

e Pon pevotov £yovpe and onueio VYNANG EVEPYELOC — GNUELD YOUNANG EVEPYELNG

e Y& 00yelo mov NpeNREL o1 Ypauuég evépyelog Kal mieong tavtiCovror kot Ppickovrot
oTNV €AEVBEPT EMPAVELD TOV PEVGTOV

e Y10 onueia oL 1 VOPAVALKTY Ypauur TavtileTon pe Tov dEova Tov aywyov N mieon =0
AlMNe-MnA Mnxavikj PeuoTtwv 22
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000
0000
( X X N
I 4 1 4 4 l 4
Ipappi evépyerag Kot vopavikn ypoppun | se¢
h ELHOY
T— . ooy ouvolirond
\ Ry ione Upoug
LLH h[mmmug'* .~
™~ |
AcEopuevi H“‘n i
A oo
Toauu mieone Bodida . Retsson
/_\e/ Avthic
AeEanevn
% } fg{glwn
>
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IHapaoerypa 6.11 o000
e ——— T X X
T

Nep6 Bepponpaoiac 8=20°C péel petatl tmv dvo deEanevav ue ouiuo 0,06 m?/s. ::.
Na oyedidoete TV VOQUUAMHY YOOI KAl TV YOUuU ouvorlxic evépyewac. To e
VARO ToU owiva elval yutootdnpog e €=0,26 mm. To pixn ot ov diduetpotl

TV AYWYOV QOivOVIdL OTO oYU

Avon
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Avon o000

o000
Ztov aywyo dlapgtoov 20 cm €yovpe: T tov aymyo owopgtoov 10 em €yovue: :::0
o _ . o0
.11=A£=L6?= 1,91 m/s, 12=£=&—7,64 m/s, 4
L 0,20° A 017
4 4
Curdy _1.91x02 _ s T o )
R{) B v B 10—6 - 3’8 10 ’ Re == 2 = 7,64 % O'l = 7.()4 X 103,
A4 10—()
e _ 0,26 . _ :
—=_—= = 0,022 > , ,
d_ 200 o f1=0 ‘7= % =0,0026]| % f>=0026
( :

To pgvotd Egnvaoviag amo T deEauevi €yl o armAeLo. MPpoue A0V EL00-
OO, Tov dlveTal we:

—
Ui _ o= 1912
hagsson = Elﬂﬁ@?g =05 X2;;—l}8 = 0,093 m

"Exou €yovue plor pelmon e yoouuS EVEQYELUS OF EXEIVO TO ONUEID RUTA TO
mpocg mov pPofraue. Katd nixog tou aywyou 1 av vroBéoovpue orolonoogn oo
Ba €yovue ammierlec VPove, mov divovtol oo Tov TUmo:

Jy, = fL—IH—1—0022xqp L1 _ 06 m
Ny g 02 2% 9.8 s




2T OUOTOM] TOU aymYOU €YOUUE QWAL MPous oV VIToAoYILeTal amd ™' e @@

P 0000
oy €om: XX
., T
i < 1,912 - oo
h(TU(Tr — K(TU(TT._ = 0.23 X - = 0.046 m

2x98

(.

AnouN ©oTd PHOC TOL aymyol 2 €Y0VNE AMAELEC MPOVC TTOV OIVOVTUL (C,

-

5] . 42
By = 2212 = 0,006 x A0 164" _ 3091,
. dr 2¢ 0,1 2x9.8
57642
, ) e ) ) .64~
TEhog oL ammAeteg €E0d0V lval: hs'goa. =K g£— = =29m
20 2x98

"Exol o1 ouvoMrEC ammAieLleg elval:

lzf= 0,093 + 0,61 + 0,046 + 30,9 + 2,9 = 34,62 m

(1)
— —) —
U ) U
2g+ A PA;p UB L PB Ly,
2g Y 2g Y "

AMOT =T p=0noup =pp=p G002z, —2,=h.

30m 40 m




AnAad) N VYPoUETOLRY] OLUGPOQ TMV ETLPUVELWDV TOV PEVOTOU Otal OV0 doyeia
mEEMEL VO €lvall O HE TIC amAelec Mpoug vatd v 0on. Me amhid Adyua v 001)
TOOOUOUOLETUL, £TOL (DOTE Ol ATMAELEC AOYW TC PONC VA elval IOEC HE TNV WMO-
UETOLKY] OlOLpOOd TV ETLPAVELDV TV dV0 deEaUeVOV. ZVUPOVO ILE TOUC TTOOY)-
YOUNUEVOUC VTOAOYLOMOUE IWTOQOUUE VL (PEQOVIE TNV YOUUUY CUVOAAKIC EVEQYELOC.

[ Tov TEOoGOL0ELOUO TNE VOQUUAIXNTC YOUUUNE Artd TOUC TOONYOUREVOUC VITO-

—2
u _
AOYIOUOUC apatoovne yua tov aywyo 1 mv moodtyta L =0,186m na VIO TOV
. ) U
aywyé 2 MV ToodTTo % =29m (1)

£ 3
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210 OVIGUOG

‘Eva. o1pdvt glvan €vag cuveyne GOANVOS TOL ETTPENEL GTO VYPO VO,
otpayyilel and o degapevn HEC® €VOG EVOLAUECOV oMUEiov TTOL
etvar vYNAOTEPO amd T OECAUEVT], YOPIC VO ¥PEWALETAL AVTIANON.
Etval amapaitnto 1o 1eAMk0 dKpo TOV GOANVA Vo €ival YoOUNAOTEPO
amd TNV EMPAVELN TOV VYPOV GTN OEEAUEVT).

M. oavoAoyio Yo Vo KOTOVONGOLUE TO GlPOVICUO €ival  va
QAVTAGTOVUE EVO, LOKPD TPEVO YOPIS TPIPES Tov exTeiveTOLl Qtd Ui
neddon, mhve ce Eva AOPOo Kol UETA KAT® amd 10 AOPO OE ua,
Kothdda. To Tunua Tov TPEVOL OV YAIGTPAEL GTNV KOO Umopel
va, TpaPnEEL T0 LITOAOITO TPEVO GTOV AOPO KOl GTNV KOIAAOO.

AvTto oV eV glvart TPOPAVEC Elval TL GLYKPATEL TO TPEVO OTAV TO TPEVO
glvar éva vypd oE €va COANVO. XE LT TNV ovoAoyio, T
ATLOGQOLPIKT TTEGT GLYKPATEL TO TPEVO EVOUEVO. MOAC 1| dhvaun
¢ BapdTNTOC GTOVE GLVOEGLOVE UETAED TV Baryovidv TOL TPEVOL
mov avePaivel oto AOPo vrepPel ekeivn TG ATULOGPAIPIKNC Tieomnc,
0 GUVOECLOG GTTAEL KO TO TPEVO KATAPPEEL.

H avaloyia tov tpévov amodeikvoeTal ce £va "Lovtého aAvcidac" Omov
uo pokptd adlvcida ce po tpoyakion pEEL AVALESH GE OVO TOTIPLA

AlMNe-MnA Mnxavikj PeuoTtwv




Refill Tube
Float Ball

21POVIGUOS

= Overflow 1' “«Trip Lever
& BT Tube §

<+—Toilet Tank

Fill Valve
(Ballcock) Flapper
Flush
Valve . 4
Seat ' 5
A Wate X
Trapway | Faibiniey Toilet
> Bowl
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p - o00
’ 0ecs
L1POVIGNOG o T
— O
- H
Apyn Awrtnpnong g Evépygrag | 2 ]
netaéo (1) kot (A) @ =7
Patm Py u’  u? u’ P,—P u® L
+04+0=—+ +—+K— —— oAy Ff—
1 1 Vi Zg fdzg: y YA 7 (1+K +fd)
e PA— Patm < 0

® KOl LELMVETOL UE TNV aOENGCN TOL YA Kol TNG TOYOTNTOGC

® Ylo. va apyicel va Asttovpyel mpémet 1 mieon 6to A va yivel < Patm

® T.Y. LE avOopOPNoN

o ['a P4 <tdong AtV Tov vYPOL, TOTE OEV 1IGYVOLV Ol TAPOUTAVE EEIGMOGELS Yot e TNV e€dtion
KOTAPPITTETOL 1] TOPOASOYT] ACVLUTIEGTOV PEVGTOV TTOL EYIVE Y10 TNV EEAYWYN EEIGOGEWMG EVEPYELNG

e XNV mpA&n o clpmvac 0eV AEITOVPYEL IKOVOTTOMTIKAE 0TV 1 TTEGT GTNV KOPLET] TANGLALEL TNV TAGT
ATUOV (QAIVOUEVO OTTNACI®ONG). AEPAS Kol AALD, €V OLHADGEL AEPLA. GUAAEYOVTOL GTNV KOPLPT] KOl
£T01 LELOVETOL TO UNKOC TNG 0eE1AC GTNANG VYPOV TTOL ONUOVPYEL TNV YOUUNAY TTHECT) BTNV KOPLOT).
Ot peydhot olpmveg £Yovv GTNAES KEVOD TTOL ALpALPOVV T OEPL ATO TNV KOPLOT).
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o000
r o000
21QPOVIGNOG 41T
. o0
| O
() Apym Awotipnonc e Evépyetog petac&o O kol @
YA Agvtepegvovoeg AmMAELEG
(1) And EvEpyelag
— P, u? P, uj ;
- B o—m etz =4tz + +
Y 29 Yy 29
z
______ R Zg=ﬂ
(2) ETCSIST:l U = 0’ Pl = P2 = Patm yZ1 — Zp = H, Uy = U
u? L

$H=E(1+K+fa)

A) Av n mapoyn ivan yvowoti, 10 u yvowotd > vmoroyileton to H
B) Av diveton to H, tOtE €MELdN TO f €lvol GLVAPTNON TOL U:
>Ymo0&tovpe o Tiur tov f
> YnoloyiCovpue tnv taydnta
> YrnoloyiCovpue to Re
>Ymohoyilovue 10 f(amd to drdypaupo Moody)

Av tavtileton KaAmg, O1aQopeTIKA eTavOAAUPAVETAL 1] O100TKAGIA.
AMNO-MMA Mnxavik PeuoTwv 31



21p0vicunog - Eapupoysg

e TovoAéta — Aekdvn
® AVECTPOUUUEVO CLPDVIO
e Bev(ivn o€ aocio pelepPovdp

bk 'Sectionbabm'/é which ‘ !
| | siphoning takes place. Z

hochstgelegene Stelle des
Systems bildet. Die Rohrenden
sind geschlossen

‘ Einfullsffnung, welche die

2. Einfulloffnung schliefen,
Rohrenden 6ffnen.

Mnxavik PeuoTwv
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AIKTVO 0YOYOV & Emloyn avtilog | e

. ;. . < | B
e AVO YeVIKOL TOTTOL OTKTO MV
Ay YDV Le — — o2

Aywyoli og oe1pd T I f, Ly, Dy
OyKouETPIKN Tapoy oTabepn A
AnwAgieg podv and v abpoion V=g
TOV ETUEPOVS TUNUATOV OYOYOV hp 1 2=hpathy g

[Topdriiniot oyoyot vt Dy
H oykouetpikn mapoyn etvai to p, = 3 P, <P,
GOpOICLO TOV OYKOUETPIKDV —> Ao B —>
TOPOYMOV TOV ETIUEPOVE TUNUATOV
Towo oAl TiEOC KOTA KOG w
OAOV TOV ETUEPOVS AYOYDV b ; v Lz’fz

=)+ Uy U,
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AIKTVO ayOYyOV & EmTiloyn avtMog | go::

o [0 mapdaiinhovg ay®yove, ETIALCN LUE YPNCT OYKOV
erEYYOL avapeca ota onpeio A ko B fi L D

P, L= = Py<P,

Vi = Vs *—@

V2 : :L_’Z:.
Q/YA/—{_/ 0a +O%@'+Z +hp R

b, _ AP
g
e A@ov N Ap eival 1 1ot Yo OAoL TOL TUTLLOTOL, O1 OTTOAELEC
gtval ot 101€¢ Yoo OAQ, TOL TUT|LLOLTOL
Ll V].

Lo V2
hrp1=hpo == fi—— = —2
L1 L2 le1 2 = fo— Dy 2g
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AlKTVO 0yOYOV & Emioyn avtilog | o::

O1 oyéoelc anmAeldv DYOLS AVALESO GTO TUNUOTO ETLTPETOVY TNV AVATTLEN
TOV TOPUAKATO AOY®OV

N

Vi fo Lg Dy
Vs

B Vl_D% (102132191)§
f1 L1 Dy

Vo, D%\ fiLiD

To TpayuoTikd GLGTUATO COANVAOGEDV Elval TEAKA Eva GOOTNUA OO LT-
YPOUUKEC GYECELS

Xnueimon : etval eavepn| 1 avoloyio Le TO NAEKTPIKA KUKAM®UOTO

o Oyxoperpwkn mwopoyn (V) : gvtaon niektpikov pevpoatog (1)
e Metafoln mieong (Ap) : Tdomn niextpikov pevportoc (V)
e Yyoc anwieiov (hy): avtiotaon (R), av kol to hy, €xel éviovn un

YPOUULKT] GUUTEPLPOPA
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AlKTVO 0yOYOV & Emioyn avtilog | o::

e Otav éva chotnUo COANVOGEDV TEPIAAUPEVEL avTAieg n)/Kal
otpofilovc, T0 VYOC ATOAEIDOV TOV AVTAMOV Kol TOV oTpoBilmv
pEneL va, cuumepthauPdvetor otnv eElcmoN EVEPYELNG

Py V2 Py V3
— T+ = + 21+ hpump,u = — + CV2—2 + 29 + hturbine,e + hL
Prg 29 Pg 29

e To ypficipo vyog mov mapexel N aviiio (hy,m,, ) N 10 VYog mov
KotovaroveTatl omo Tov 6TPOPIAO (hypine ) EVOL cUVOPTAGEIS TNG
OYKOUETPIKNG TAPOYNGS, ONAOT Oyl oTtalfepd

e To onueio Aettovpyiog TOL GLOTNUATOS EIVAL OTTOV TO GLGTNUA
Bpiocketal o€ 100ppomia, ONA. OOV TO VYOC TOL TAPEYEL 1] AVTALd glvar
160 LLE TIC amMAELEG
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AVTAiEC KAl CUCTAMATO CWARVWYV

V2 L V2
&+—+zl+h—&+ +z2+ZKL—+2f——
Y 2 Y 2 28 D 2¢
L
)
D
60 |-
“2 System operating point
40 -
Ea
§ System curve
20 |- Pump curve
0 | | | | |
0.10 0.20 0.30

Discharge, m/s
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AVTAiEC KAl CUCTAMATO CWARVWYV

EXAMPLE 10.9

Finding a System Operating Point

Define the Situation
« The system diagram is sketched ahead.
« The pump curve is given in Fig. 10.20b.
« The friction factor is f = 0.015.

State the Goal
Calculate the discharge (m?/s) in the system.

Generate Ideas and Make a Plan

1. Develop an equation for the system curve by applying
the energy equation.

2. Plot the given pump curve and the system curve on the
same graph.

3. Find discharge Q by finding the intersection of the
system and pump curve.

@ ==—1"Elevation = 200 m
——
D= Pump

Q(m?/s) h, =

0
0.1

0.2
0.3

000
0000
o000
Take Action (Execute the Plan) : : ®
Energy equation: P
&+—+ 1+ h —&+—+22+ZhL
g 2 g
fL v
0+0+200+h,=0+0+230+ |~ +K+K,+K;)-—
D 2g
Here, K, = 0.5, K;, = 0.35 and K; = 1.0. Hence
2
0.015(1000
h, = 30 + QZ[ ( )+0.5+0.35+l]
2gA 0.40
2
=30 + 9 5(39.3)
2 X 9.81 X [(m/4) X 0.4
=30m + 127Q° m
Now, make a table of Q versus , (as follows) to give values
to produce a system curve that will be plotted with the pump
curve. When the system curve is plotted on the same graph as
the pump curve, it is seen (Fig. 10. 20b) that the operating
condition occurs at Q 0.27 m /
Elevation = 230 m ; @
J‘ Elbow 60 |
L 0m — (L—l) Syst ting point
stem O alin, 1n
D =40 cm, /= 0.015 a Tl SR
40
7
(30 m + 127Q%) m 5 S e e
30 20 |- Pump curve
31.3 i
35.1
0 | | | | 1
41.4 0.10 0.20 0.30

Discharge, m/s



