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Darcy friction factor, f

The Moody Chart
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Re. = YD _pVD _ 4Q _ 4m coe
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\ = i Edge of boundary layer

/ (P \— Potential core (inviscid flow)
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changing due to the
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constant because

change in velocity
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Wall shear stress (T,)
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Classifying Flow in Conduits oo

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 gfs.

AMNG-MIMA Mnxavikr) PeucTtwv 7



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 gfs.

Define the Situation

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

i= L=10m =|
Flow
e

(a) Air, 50°C, V=12 m/s
(b) Water, 15°C, m = 0.008 kg/s

N— D=0005m

Properties:
o Air (50°C): Table A.3, v = 1.79 X 107> 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.

AMNG-MMNA

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

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

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

« 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 179 X 10 °mYs

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

Rep, = 3350

L, = 50D = 50(0.005m) = 025 m
b. Water:

4m 4(0.008 kgls)
Rep = = -3 2
wDp  (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

Mnyxavikr) PeuoTtwv 8



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?

AMNG-MIMA Mnxavikr) PeucTtwv



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.
o 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:

3 3
V= Q _ 0.0202m/s _ 0.020m/28 — 113 m/s
A (wD*)/4 1((0.15 m)“/4)

2. Reynolds number:

VD (1.13 m/s)(0.15 m)
= — =283
6 X 10 *ms

RCD =

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

4. Head loss (laminar flow):
_ 32pLV  32pvLV  32yLV
f ,YDZ pgD2 gD2
_32(6 X 10 * m?s)(100 m)(1.13 m/s)

(9.81 m/s®)(0.15 m)*
=[9.83m

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—6—4—6—4—0226
Re, 283 '
L\[ V? 100 1.13 m/s) \?
=1 (5)(%) ~ 026 (2em ) (s Sarms)
D/\ 2g 0.15m/\2 X 9.81 m/s
=9.83m
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AEVTEPEVOVOES ATTMAELES GE OLKTVOL | 322°
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oYYV :

e To cvomuata cOANVOGE®Y TEpAaUPdvovy cuvoéouovs, Baifiosg,
KOUTTOAES, YOVIES, TAP, E10000VC, ES000VC, OIOIGTOAEC KOl GUGTOALG.

e Avutd To ECOPTNUOTO OLEKOTTOVV TNV OUAAT] POT] TOV PELGTOV KO
TPOKAAOVV TPOGOETEC AMMAEIEC AOY® OTOKOAANGNC KOl AVAULENG TNG
pong.

e Mua oy€om Y TIC OEVLTEPEVOVGES OTIMAELEC TTOV GLVOEOVTUL LLE VTA TOL
eCopTNUOTOL.

« K; is the loss coefficient.

V2 * Is different for each component.
hy; = Ky —
2g

 [s assumed to be independent of Re.

* Typically provided by manufacturer
or generic Table.
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ATTOAELEG AOY® ATOTOUNS OLUGTOANGS

o Xynuaticuoc tupPwddv oTpoPilmv OTIC YOVIEC KOl OTMOAEES LTO LOPON
Oeppotnroc.

e Amoxkatdotoon pong 6€ 8 SLUUETPOVS OO TN OLOGTOAN).

e Eopopuoyn tov vopwv owatpnong ywo tov OE.

(1) Aweipron Opyic: BF =riv-(u, —,) D U
(2) Awripnon Evépystog: A;(: +Az+ A7p +h, =0 (1) EL‘J
(3) Awtnpnon Macloc: u,- 4, =u, - A4, E i
A0 TIG TPEIS TOPUTAV® CYECELS KoL TNV oxéomn h, = K ;7—2 gxooue "‘f[if" i g =
c

Fr
(2]
L -

LT

4Y u’ 4 Y
h,=|1-— Ao k=1-2
4, ) 2g A4,

Ao aywyd o de&apevn:

A 2

— > 0=>K=1=h, =2

4, 2g
OMAOOT 1 KIVNTIKN EVEPYELD TOV PELOTOV LETUTPEMETOL GE DEPUOTNTA KAl OV O QYWYHS
elva povopévog, avéavetot 1 Bepuokpacio Tov PpELGTOV.
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ATTOAELES AOY® OTOTOUNG GUGTOANG | oo°

| X
_.i N; /l‘
! (1)
! ) l B
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L ,-J\) 2

i

—
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e Xtévmon (vena contracta) LETE T GUGTOAL TOV AYOYDV.

2 2 2 2
o« A | w1 _,
! 2g Al 2g Cc
A

C

Amo mivakeg ¢, =—=, ka1 n TN Tov efaptdtal amd 1o AOYo Ay/A; kou

2
uetaPdaireton amd 0,6-1,0 dtav o Adyog tov owpeETpov petaBdiretor amd 0 Emc 1

d,d, 0 0,2 0.4 0,6 0.8 1,0

AMO-MIA K 0,6 0,45 0,38 0.28 0.14 0 3




ATTMAELEC OO ECOPTINOTO HE

e DOlo ta eCoptnuato 6€ Eva ay®yd TPOKAAOVV EMTAEOV ATMAELN EVEPYELNG
o IloAAéc opéc ek@pALOVTOL Ol KOTTMAELEG EVEPYELNCH MG «IGOOVVAUO WUNKOG

ay@yov»

2

u
h, =K—
f 2g

L u’
hy=f=—

d 2g

I (B K=1
K=f—=lLe= 1

d /

|E R=0,14d
& = i.r...
—

d K=0.05
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AMNO-MMA

IHivokag. XUvTEAESTES ATOAELOV EEUPTNUATOV COANVAGEMYV

BoABida avremotpoeng

Eéaprnpa K
Tomomompévn yovia 90° 0.9
MetafoAn por¢ xaza 90°
MetafoAn pong ot KAEloTH] OTPOPY KOTA 29
180° ’
A0KOTTNG AVOIKTOG 10
Bpvon avmxn']. | 2.6
| Argoopog pofg kot petaPorn kard 90° 1.8
Zvptapot) ParPida avorrt 0,17
Svprapot BoABida 1/2 avorym 4,6
Zuptapwt ParPioa 1/4 avmxrr’] 24
Zoapikt) BaAfida avouyt 9
Zoapu ParPida 1/2 avoryri 36
QoK) Balﬁi’ﬁa 1/4 avoyym 112
2
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EEaotyua Ymnao Y uvTeh e0 TS GTWAELDY
Koapmikn, opohy, rid K
90" 0,5 1.0
2 m
AP = g 1.0 0,35
2 2.0 0,20
3.0 0,15
Toorvice g° K
' 2 90 3
AP =K ' L2
2 60 0,8
45 0.4
30 0,16
ALOOTOM CITOTO ; S, 2
- _ i
ou I e K= | - )
AP=K— d &?_ &2
- I N 1 ,
8 = md /4
Avaorohy, 20° d,/d, K
ouf | 0.20 0,30
AP =K- = di |8 d 0,40 0,25
- T o—t 0.60 0,15
0,80 0,10
Zroo eE6d0u K=10
ouy 4
AP=K d
2 1
-
L 12
SRR CETRCIEaE T K= 1_1.43( 1 — ‘_‘:’f..-- ] .
Otis 1 51
AP=K— d) da
2 B S B § = nd2/4
Tvoroky 60° dy/d, K
: .2 _T—“‘—l 0.20 0,08
AP=K Q:; d 8 da 0,40 0,07
2 e 0.60 0.06
0,80 0,06
TTSIO ELOGBOU \, rid K
ot 0.0 0.50
AP=K—= d
2 4 0,1 0,12
A
=02 0,03

Y VUVTEALEGTEG
UTTOAELOV
COPTNUATOV
COAMVAOGEDY
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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
Reentrant: K, = 0.80
(f<< Dand ! =0C.1D)

ol

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

Slightly rounded (r’'D = 0.1): !,_ = 0.12>
(see Fig. B-3€)

Rounding of an inlet

makes a b:g difference.

Fipe Exit

Reentrant: K, = «a

Sharp-edged© Rounded (K, = a

==

DN\

Rounding of
an outlet
makes no
difference.

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

2
Sudden expansion: K, — 1 — d—

Note that the larger velocity (the

velocity associated with the smaller pipe

section) is used by convention in the
eguation for minor head loss, Le.,

2
hl..m':m o K V_

f2g’

R i /

17



0.6

Sudden conlraction: See chart.

= § \ Ky for sudden
D &y \lenclion

\ 0.2 \\

Jypp—— —-@
ﬁj-' ‘ “ 02 04 0.6 0.8\“1.0
L

22
Note: These are Note again that the Jarger velocity (the velocity associated
backwards. The X values with the smailer pipe section) 1s used by convention in the
listed for Expansion should i
be those for Contraction, equation for minor bead loss, 1e., A, . =K — 5o
2

and vice-versa. \

Gradval Expansion and Contracton (based on the velocity vi the smaller-diameter pipe)

Expansion: Contrac tion (for # = 20°):
K. = 0,02 Tor# = 20° L \m=oaotorwo=oz T
K. = 0,04 for & = 45° K, = 0.25 for /0 = 0.4 .
K, = 0.07 for # = 60° K, = 0.15 for /0 = 0.6 ol s
|}, = (.10 for &0 = 0.8 =
These are for contractions - —_
These are for expansions
Bends and Beanches
ar smooth bend: 9" miter bend or miter bend 45 threadad elbow:.
Flanged: K, = 0.3 (without vanes): K, = 1.1 | (with vanes): K, = 0.2 K =04

Threaded: K, = 0.9

N
V — " — " — {\ [

i
I
|
J

/‘\ /-_\
180F return bend: @2 (branch flow): /{ee(lim 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,

v

|
\.I_
\r
i
m
i
|

AMNG-MMNA

For tees, there are two values of &, one for branch flow and one for iine flow.




Kvpleg + AeuTEPEVOVGEC UTMAELES

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 + hL,minor

2
hr = (f%‘l‘ZKL) g—g

AMNO-MrA Mnxavikr) PeuoTwyv
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[Hogaderyna 6.10

Avo neydaho doyetcr ouvOEovTal OmMC PAIVETOL OTO ZyNUe. AV 1 QoY OTo
omhijva etval 0,04 m3/s, va feeBel 1 vPopneTOI] SLaPod TS OTABUNE TOV VEQOU

h tov dto doyelmv. Alvetal v=10"° m?%/s »a £€=0,046 mm.

AMNG-MIMA Mnyxavikr) PeuoTtwv

Nepd
20°

A 4

H diauetpog tov

20m

cwhijva eivan 10 cm,
%o £iva autd otdnpo.

10m

h

(2
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[Hogaderyna 6.10

Avo neydaho doyetcr ouvOEovTal OmMC PAIVETOL OTO ZyNUe. AV 1 QoY OTo
omhijva etval 0,04 m3/s, va feeBel 1 vPopneTOI] SLaPod TS OTABUNE TOV VEQOU
h tov dto doyelmv. Alvetal v=10"° m?%/s »a £€=0,046 mm.

‘ﬁ'“—/+.f_\_z+ g)_/ 1"4_ ( =l - -

Nepd
20°

N =-hy = Zl—Zﬁ—h

h

X 20m g
10m
.['Ir Zg \ . s T .

cwiiva eivar 10 cm,

. 0,04 waw glvar até oidnpo.

u=—""—=35,09m/s, “20m
mtx 0,05
Re = 299%0.1 _ 59 10"
1076
e _ 0,046 _
d 100

Ao to dudy oo Moody Poltorovue f=0,0173. "Etol €yovue:

21-z2= (0,54 [F2x0,64+1,0)29" 4+ 0,0173x 2% 209" — 5441
2x 98 0,12x9.8

Emonévng h=24,4 m.
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EXAMPLE 10.7

Pipe System with Combined Head Loss

Problem Statement

If oil (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 =?

[<— 60m —>

L) 7fm @ Elevation
D Ll =130 m

<— 130m —

Ik

AMNG-MIMA Mnyxavikr) PeuoTtwv
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EXAMPLE 10.7

Pipe System with Combined Head Loss

Problem Statement

Ifoil (v = 4 X 107° 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?

O==

Elevation =?

<—60m—-‘

L) T @ %— Elevation
D | =130m

l‘; 130m —

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

o Oil: v =4 X 10° 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:

)40 Vi 2]

V2
*+a1f+zl+h ‘otz bty
Y % Y 2

0+0+2 +0=0+0+2+0+h
z1 =2+ h

Interpretation: Change in elevation head is balanced by
the total head loss.

2. Combined head loss equation:
LV? V?
2ot e
pipes components 4

L V? v? v? v?
hy =f—— + <2K,,— +K— + Ky—
2g 2 2g

hL=

V2 L
f + 2K, + K, + Kg
3. Combine Egs. (1) and (2):

s )
=z +—\|\f-+2K,+ K, + K
2 =2 2 fD b e E

4. Resistance coefficient:

« Flow rate equation:

3
V= Q_ (0028mis) 5 = 1.58 m/s
A (m/4)(0.15 m)

« Reynolds number:

VD  1.58 m/s(0.15 m) 5
Rep=—=——————=593X10
v 4 X 10> ms
Thus, flow is turbulent.
« Swamee-Jain equation (10.39):
0.25
7= .= 0036
e+ 25 oo 22
80\37Dp " e Bl 5930"9

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

(1.58 m/s)*

= (130m) +
2 = (130m) 2(9.81)m/s?

(oo36(197 ™ 2019 +05+1o)
~72(0.15 m) ©.19)

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

L
pipe head loss ~ EfE = 0.036 =472

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?

0.3m

50 m

Q=2.5m’s @

AMNG-MIMA Mnxavikr) PeucTtwv
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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
IO.3m
>~

=

50 m

|/

0=2.5ms @

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,0) 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 000
energy equation. 0000
2. Calculate parameters needed to find head loss. 000606
3. Calculate head loss by using the Darcy-Weisbach : : o
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— P2 = pghy
2. Intermediate calculations:
« Flow rate equation:
Q 2.5m%
V=—=—"7"—"—"""-=139
A (0.3 m)(0.6 m) =
e Hydraulic diameter:
_ 4 X section area 4(0.3 m)(0.6 m) I
" wetted perimeter (2 X 0.3 m) + (2 X 0.6 m) o
« Reynolds number:
VD 13.9 m/s)(0.4
Re =128 _ ¢ DO _ 368,000
v (15.1 X 10" °m?/s)
Thus, flow is turbulent.
« Relative roughness:
©./D, = (0.000046 m)/(0.4 m) = 0.000115
« Resistance coefficient (Moody diagram): f = 0.015
3. Darcy-Weisbach equation:
L\(V? 50 13.9 mfs)*
w=(2)(L) = oms(20m ){ Lome)
D, 2g 0.4m 2(9.81 m/s®)
= 18.6 m
4. Pressure drop (from step 1):
25

P — p» = pghy = (1.2 kg/m?)(9.81 m/s*)(18.6 m) = 220 Pa
'p1 — p, = 0.883 inch H,0




T'oopun ovvolirot

]
hooveing Upove

1
1
hpaipisac_

"E6T® 606TNHA GOMVOV.. “x7| -

Toopwu mieong Balpida

) s . daou
Avtilo —
4(\{ AeEapewi
B
7\ |

A\

e H ypaoum mopdotacn pe tetorypevn (y) to aBpowcuo P + z Kot TeTUnUEVN (X) TNV andcetaon Kot UKog ToV

colva otvel ) ypopu YAPAYAIKHY KAIXZHX. Eival pe dAla Adyla, 0 Ye®UETPIKOS TOTOG TMV CTUEI®V
oL Oa £PTAVE TO VYPO GE KOTAKOPLPOVE YVAAVOLS GOANVES GUVOESEUEVOVG LE TECOUETPIKA OLVOTYLOTOL TOL

COANVO.
2
v
e H ypaoum mopdotacn pe tetorypevn (y) to aBpotcuo 2— + P + z Kot TeETUNUEVT (X) TNV 0TOGTOCT KATO UNKOG
g 7
0L coAnva dtvel tn ypappu] ENEPT'EIAY. EE’ opiopov givo mdvia mdvem amd TV DOPOLAIKT VPO KOTd,
v’
2g
e H pon &yel mdvtote ) 01€0BVVOT KATE TNV OO0 KATEPYETUL 1] VPO EVEPYELOS (EKTOC av TapEUPAAAETAL
avTia)

e H ypauun vdpovlkng KAoNG VWOVETOL OTOTONA GE PLO. OVTALCL.
e H ypoapun vopavAikng kAionc KaTEpyeTor amOTono 6€ £vay oTpofiiro.
e H gm@dvero Tov vypov o€ pio 0e€apevn) anoteAel LEPOC TNG YPOUUNG VOPOVATKNG KAIOTC 0AAN KO TNG YPOUUNG
EVEPYELOC.
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I'popun evépyerog
& Yopovikn ypopun

o I'pappn Evépyerog: I'popun mov evovel to onueic mov Ppiockovtol 6€ amOGTOON

u> P , , . , , ,
(2—+—+z] and 10 emimedo ovvoukmg evépyetag unogv (0), mov cvvnBwg eivon 1M
g 7
KEVTIPIKT VPO TOV Qy®YOU.
e Yopovikn I'popun: ( I'popun wieong N melouerpukod dyovg): Evavel ta onueia

14 14 P 14 14 14 14 14
nov Bpickovtol o€ amOCTACT (— +z | and 10 OPIGUEVO EMIMEDO OLVOUIKNG EVEPYELOG

/4
UNOEV.

o Metald TOVE KATAKOPLPT ATTOGTOO ’/‘%g

® hg66500 - Dezssor = My (0L aTOAELEG TOV GVGTNATOQ)

e Pon pevctol £yovpe amd onUEIO VYNANC EVEPYELOS — CTUELD YOUNANG EVEPYELOG

e Y& 00yElo OV MPEUEL O YPOUUEC evEpYelag Kol Tieong Tavtilovron kot Bpiokovro
GTNV eAEV0EPT EMPAVELN TOV PEVGTOV

e 2t0 OMNUELR TOVL M VOPOALAIKT] YPOUUN TOWTICETON HE TOV AEoVa TOVL ay®yov 1 mieon = 0
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I'poppn) evEPYELOS KOL VOPAVALKT YPOURT] | oo

h ELG S0

AeEopevi
A

|
[popn mieong

Avthlo

Borfido

oo ouvohuwon
vyrouc

s h eEddou

AeEapewi
B
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IHapaoeryna 6.11 o00
- eeeos
e0oo

Nep6 Bepnonpaoiac 0=20°C pfeL petasl tmv dvo deEauevav ne ovdus 0,06 m?/s. ::0
Na oyedldoeTe TNV VOQUUALAY YOUUNY ZOL TNV YOOUUY ouvolrig evépyewac. To e
VALO TOv omiiva elvol yutootdneoc ne €=0,26 mm. Ta punun #or ov ditdueTooL

TV AYOYOV QAVOVTUL OTO TYUCL.

Avon)
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Avon 000

_ TXx
Ztov aywyo dwepétpor 20 cm €YOUE: [N tov aywyo dapgrpoov 10 ecm €yovue: :::0
o o . o0
.:,1=AK=L6?= 1,91 mys, Uy = V = 0’067=7,64 m/s, bt
L 0,207 A 0,17
4
_;1d1_1,91x0,2_ 105 Und ’ '
fem = T Re="22=T0X0L _ 7 645 10%
v 10—()
e _ 0,26 . . .
—=2=_=0,0013 = 0,022 > : :
d_ 200 o J1=0 ¢ = % =0,0026]| xw  f>r=0026

To pevoto Eexrvoviag amo T OESUNEVY] £YEL NLCL CUTMAE LG MPOUE A0V ELOO-
dou, mov diveTal mg:
—
Uy _ o= 1912
hElmiEjnU = Dpgod— = 0,5x=——=10,093m
2g 2x98
"Erou €yovue pion neimon me youum|c eVEQYELUS 08 EXEIVO TO ONUELD RATA TO
mpoc ov Porrane. Katd umxoc tov aywyou 1 av vmroB£éoouie orolouooqy 0o
Oa €yovne AmmAELEC POUC, TOV OIVOVTUL (IO TOV TUTTO:

_2 R
=AM = 0,002 %30 L g6
' 1 d] 2g 0.2 2 x 9.8 30



211 OVOTOAM| TOU aymyoU €YOUUE ATMAELL MPOVS TOV LVITOAOYILeTUL 00 ™) e @ @
000
Y XX
eo0o
o0

O

oy Eon:

—

Uy 1912 .
Nenar = Kavar— = 0,25 x —=2— = (0,046 m
ouVoT oVoT - . 2% 98 :

[

AnOUN ©OTA UNAOC TOV ay@YOU 2 €Y0OUUE ATMAELEC MYPOVC TTOV dIVOVTOL (1C,

-

2 2
hy, =f2u—2 = 0,026 x 40 7,647 _ 30,9 m
R0 2 0.1 2% 9.8
5 7,642
/7 ’ Cw 2O ” / « . — c 112 — .6 < —
Téhoc oL amdretec eE600v elvar: Mezod. = Kes o =3x98 29m

"EtoL oL ouvOM®EC ammAeLeC EIVAL:

hf= 0,093 + 0,6 + 0,046 + 30,9 + 2,9 = 34,62 m

]l{‘ll cm h — Ij’ﬂ

(1)
— — =
u ) u )
g+ A g A W BB g
28 v 2 v l
______ ——
2 T 3T e . — — ¢ - — —
AMOT =T p=02noup =pp=p, G0z, ~z =, y
 30m




e &Y M Ay “ o A e p G Sovefy | 900 ®
Anhadi] 1 VPOUETOLRI] DLAPOQA TMV ETUPAVELDY TOU QEVOTOU OTC dUO JOYELL | g oo

TOEMEL VO E(VOL (O] NE TIC ammieles Mpoug ratd Ty 0o1. Me amhd Adywe 1) 001 | @@
A & # P A # # # 4 . .
TOOOOUOLETOL, £TOL OTE Ol ATMAELEC AOYM TS QONG VO E(VCLL (OEC HUE THY MPO- | o
UETOLXY] OLaQpOQA TV ETULPAVELDV TV OV0 deEauevoy. ZUUEOVE e TOUE TOON-

YOUUEVOUC VITOAOYLOUOUC UWTOQOVILE VAL (PEQOVNE TV YOUUY] OUVOAKNGC EVEQYELOC.

[N tov mEoodLoOIoUO TE VOQOUVALXIC YOUUUNE 0Tl TOUC TTRONYOUNEVOUS VITO-

—

\ ) ) . . Uy for
AOYLOUOUC cpetlpotipie Yo tov aymyo 1 v moodtyra — = 0,186 m »au yia tov

— 28

. ) 2%)

aywys 2 v moodmra. — = 2,9m

2g (1)

$ e —
24
20 cm
______ r_ _____ __  —

AMO-MMA 3 m 40 m




21POVIGUOG

‘Eva c1p6vt elvar évag ocvuveyng coAMvog mov EmMTPENEL GTO VYPO Vo
otpayyilel amd o deEapevn LEGH €VOG EVOLAUEGOVL GMUEIOL TOV
glvar vynAdtepo amd T Oeapevn, yopic va ypeldletor dvtinon.
Etvatl anapaitnto 1o 1eAkd dKpo tov cowAnva vo givot yaunAoTepo
amd TNV EMPAVELN TOL VYPOU 6T OeEaUEVT).

Mo avodoyio Yoo Vo KOTOVON|GOVUE TO OCLPOVIGUO glvor  va
QOVTACTOVUE £va LaKpD TPEVO Yopic TPPEC Tov ekteiveTol amd o,
neddoa, mhvem ce Evao AOPO Kol UETE KAT® OO TO AOQO GE U0
Kothdda. To Tunua Tov TpEVOL OV YMOTPAEL 0TV KOAAdo Umopet
va, TpaPrEet To LVTOAOITO TPEVO GTOV AOPO KOl GTNV KOIAAOOL.

AvTto mov dgv elvar TPoPavES elvar TL GLYKPATEL TO TPEVO OTAV TO TPEVO
glvar éva. vypd o€ €éva coOANva. Xe vty TNV avaloyio, 1
OTLOCQOLPIKT TTIEST CLYKPATEL TO TPEVO EVOUEVO. MOMGS 1| dhvaun
¢ BapdTNTOS 6TOVG GLVOESUOVE HETASD TOV Payovidy TOV TPEVOL
mov avePaivel oto AOQo vrepPel ekeivn TG AITULOGPUPIKNG TTieoMC,
0 GVUVOEGUOC OTAEL KOl TO TPEVO KATOPPEEL.

H avoloyio tov tpévov amodekvoetan o€ Eva "Lovtélo alvoidac" dmov
uo pokptd adlvcida ce pio tpoyaia péet avaueca ce 60O TOTNPLO,

AMNO-MrA Mnxavikr) PeuoTwyv




Refill Tube
Float Ball

21POVIGHOG

Overflow

R ‘ ir'~Trip Lever
— & - B3 Tube »

<+—Toilet Tank

Fill Valve Rim
(Ballcock) Flapper Holes
Flush
Valve

Seat
Trapway
Weir
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P < 000
4 ¥4 ::.
21POVIGUOG » | :
- H
Apyn Awtnpnong g Evepyetag | 24 |
netalo (1) kot (A) @ =7
Paem Py u ' u? u? P,—P u? L
+0+0=—+ +—+K— —— oA =
» Tt o fdzg:» > ya— 5 (1K +f )
oP, —P, <0

® KOl LLEIMVETAL UE TNV OENCT TOV Y, KoL TNG TOYOTNTOGC

® yl0. Vo apyicel va Aettovpyel mpémel | mieom oto A va yiver < P,

® T.). LLE AVOPOPTON

o [ P, < tdomg atiadv Tov vypov, TOTE 0V 1GYDOVV Ol TOPUTAVED £EI0MGELS YTl Le TNV €€ATIION
KOTAPPITTETOL 1] TOPAOOYT) OGLUTIEGTOV PEVGTOV TOV £YIVE Yo TNV £EAYOYN €E1I0MCEMC EVEPYELNG

e XNV PAEN 0 Glpwvag 0ev Ae1TovpYel tKOVOTOMTIKA OTAV 1| TLEGT) GTNV KOPLEN TANGLALEL TV TAGT
ATUOV (QoVOUEVO GTNACI®ONC). AEpag Kal AALO €V SLOAVCEL OEPLOL GLAAEYOVTOL GTNV KOPLPT| KO
£TC1 LEUMVETOL TO UNKOG TNG 0€E1AC GTNANG LYPOV TOV dNUIOVPYEL TNV YAUNAT TTHEGN GTNV KOPLOT).
Ot peydrot olpmvec £YoVV GTNAES KEVOD TTOV OLPOLPOVV T OEPTOL OO TV KOPLON.
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000
Z ’ 0000
LPOVIGNOG 33+
X o0
O
() Apyn Awotpnong e Evépyelac peta&d O kot @
YA Agvtepehovoeg  AmdAglEg
(1) :: SVEPYELOG
g— P
- . 1,
14
z
______ Zg=ﬂ
@) Enewonuy = 0,Py = P, = Py, 2y — 2, = H,upy = U
H W 1+K+ L
=>H=— —~
S (LHK+f2)

A) Av n mopoyn elvol yvowotn, T0 u yvootd -2  vmoAoyileton to H
B) Av divetan to H, t0TE €MEON TO f €lvol GLVAPTNGT TOV U:
>YnoBétovpue wia Tiun tov f
> Yrmohoyilovue TV toyLTNTO,
> Yrohoyilovue 10 Re
>Ynoloyilovue 1o f (amd To ddypaupa Moody)

Av tavtiletal KOAMS, O10popeTIKA enavalauPdvetor n otadikacia.
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2100vionog - EQappoyég 13

e Tovaréto — Aekavn

® AVECTPOUUEVO CLPDVIO
e Bev(ivn og docio peCepPovdp

hochstgelegene Stelle des
Systems bildet. Die Rohrenden
sind geschlossen

Einfullofinung, welche die

2. Einfulléffnung schlielRen,
Rohrenden o6ffnen.

i e S Rk e R RS R e LA R AT IR RS e R
N b e :

'Sekction‘abé\./é which
| siphoning takes place.
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AlKTVO 0YOYOV & EmAoyn avtAlog | s

AMNO-MMA

A
14 14 I4 14 I B
e A¥0 yevikol TOTOL OIKTV®V
owo)y(bv le — — o2
Aywyol ot ogipd s I fo, Ly, Dy
OykoueTpikn Tapoyn otadepn arerea L
AnwAgleg powv oo TV dOpoion Va="p
TOV EMUEPOVC TUNUATOV AYDYDV hp 2= o+ hy p
[TapdAiniot oryaryoi il
H oyxouetpikn mapoyn etvat 10 p, = = P, <P,
GOpolcua TOV OYKOUETPIKDV > Ae B —»
TOPOYDV TOV ETUEPOVC TUNUATOV
‘Towa ammAeio TieoMC KOTA UNKOG —
OOV TOV ETUEPOVS AYWYDV b Sk
hy y=hy ,
Vy= U, + Uy= U

Mnxavikr) PeuoTwyv
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AKTVO 0yOYOV & Emloyn avtAlog | ge::

o [0 mapdAinAovg aymyovs, ETIAVGT UE ¥PTIoT OYKOL
eAEYyOL avapeca ota onueio A kot B il D)

P, L= = Py<P,
V2 . :L_’Z: .
a ;!'_I_/ _l_ a Q‘ _I_ z _l_ hL VA:V1+V2:VB

AP
hy = ——

g
e A@o¥ M Ap eivar i 1010 y1o. OAQL TOL TUNULOTOL, Ol OTTOAELEC
etval ol 101eC Yo OAa, ToL TUNUOTO!
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AIKTVO 0YOYOV & EmAoyn avtAlog

e O106y£0e1g AMMAELDY DYOUS OVALEGO GTO TUNLOTO EXTLTPETOVY TNV AVATTLEN
TOV TOPUAKATO AOYOV

Wi~ (f2 L, D1)

Vo \Uf1 L1 D

N

. 1
Vi _ D_% (f2L2D1>2
Vs D3 \ f1 L1 D,

o Ta mpaylotikd GLGTNUATO COANVAOCEMV EIVAL TEAKE £va GOGTNO OTTO UN-
YPOLUUIKES CYEGELG

e 2Xnueimon : givor @avepn n avaroylo LE TO NMAEKTPIKA KUKA®UOTO

o Oykouetpwkn mapoyn (V) : gvtaon niektpikov pevportog (1)
e MetaPolin mieong (Ap) : Tdon niextpikov pevpatog (V)
o Yyoc anwieiov (hy): avtiotaon (R), av kot to hy €xet évrovn un

YPOLUKT] GUUTEPUPOPA

AMNG-MIMA Mnyxavikr) PeuoTtwv
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AlKTVO 0YOYOV & EmAoyn avtilog | ¢

e Ortav é&va cVOGTNUO GOANVOCE®Y TEPLAAUPAVEL AvTALEC 1)/KOU
oTPOPIAOVC, TO VYOS OITMAEIDV TV OVTM®OV KOl TOV GTPOPIA®V
TPEMEL VO, GLUTEPIAAUPAVETOL GTNV EEIGMOT) EVEPYELNG

P V2 Py %5

E + ali + 21+ h'pump,u — @ + O‘2§ + 29 + hturbine,e + hL

e To yproipo Dyog mov apgxet N avtAio (hyymy ) N 70 Hyog Tov
KOTaVOAOVETOL ATtO TOV 6TPOBINO (hiypine ) EIVOL CUVAPTNOELS TNG
OYKOUETPIKNG TOPOYNS, ONAadT Oyl otabepd

e To onueio Aeltovpyiog TOL GLGTNUOTOC £Vl OTTOV TO GUGTN O,
Bpiocketon o€ 1oppomia, dNA. OTOL TO VYOG TOV TAUPEYEL 1] AVTALX Elvol
160 LE TIC OMMAELEG
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AVTAIEG KOI CUCTANOTO CWARVWY

/ﬁ—/zl+z,+h—/z'Z /Z+2+ZK,_ Zg“;;

h—(Zz Zl)+£(l+ZKL D)

AMNG-MMNA

- |z
/
{ |/

il

Head, m

60

40

20

Impellor

System operating point

System curve

Pump curve

0.10 0.20 0.30

Discharge, m>/s
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AVTAiEG KOl CUCTAHOTO CWARVWYV eoe
0co-
i
Finding a System Operating Point éoll

Define the Situation
40

« The system diagram is sketched ahead.

Head, m

System curve

 The pump curve is given in Fig. 10.20b.
« The friction factor is f = 0.015.

20 |-

0.10 0.20 0.30
Discharge, m/s

Elevation = 230 m ; @

s
@ ; Elevation = 200 m J Elbow
» — L =1000m - (L — )
_H_Pump D =40cm, f=0.015 g
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y y y
AVTAIEC KOI OUCTHHATAO CWANVWYV ooo
0000
EXAMPLE 10.9 Take Action (Execute the Plan) 000
Finding a System Operating Point Energy equation: : ®
2 2
Define the Situation 12} + & +z,+h, = P2 uE & +z,+ ZhL
P
« The system diagram is sketched ahead. & 2 & 2
L - L .
« The pump curve 1s given in Flg 10.20b. 04+ 0+ 200 + hp =0+4+0+230+ (‘% Jy Kz Ju Kb +KE)2L
« The friction factor is f = 0.015. g
Here, K, = 0.5, K, = 0.35 and K; = 1.0. Hence
2
State the Goal _ Q 0.015(1000)
. . hP—30+2A2[ 0.40 +05+035+1
Calculate the discharge (m’/s) in the system. 4 .
QZ
=30 + 5(39.3)
Generate Ideas and Make a Plan 2 X 9.81 X [(w/4) X 0.47]
1. Develop an equation for the system curve by applying =30m + 127Q’ m
h ion.
the energ)-r equation Now, make a table of Q versus , (as follows) to give values
2. Plot the given pump curve and the system curve on the to produce a system curve that will be plotted with the pump
same graph. curve. When the system curve is plotted on the same graph as
3. Find discharge Q by finding the intersection of the the pump curve, it is seen (Fig. 10.20b) that the operating
system and pump curve. condition occurs at Q = 0.27 m*/s.
Elevation = 230 m ; @
@ ; Elevation = 200 m J Elbow 60 -
— L =1000m — (L = 1)
8L Pump D =40 cm, /= 0.015 d System operating point
40
g
Q(m?/s _ !
(Mm*/s) | h, = (30 m + 127Q3) m E S
0 30 20 |
0.1 31.3 i
0.2 35.1
0 | | | | 1
0.3 41.4 0.10 0.20 0.30

Discharge, m/s




