MOTI IN CONDOTTI

Osborne Reynolds e il suo esperimento

MOTO LAMINARE - MOTO TURBOLENTO

=

(a) Laminar flow

:'E. -~

(b) Turbulent flow
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(c) Turbulent flow (observed by electric spark)

Re< 2300 Moto Laminare
Re = @ 2300< Re <4200 Moto Transizionale
H Re > 4200 Moto Turbolento




MOTO TURBOLENTO
MOTO TRIDIMENSIONALE INSTAZIONARIO

u=u(t,x,y,z)

V=V(tx pz)=1"=v(x7) p=p(t,x,»,z)
w=w(t,x,y,2)

u=u+u
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u:—l udt u'=u—u W =—1 (u—uwdt=u—u=0
T o T o
In modo analogo anche per v, w, p e possibile definire le grandezze medie e fluttuanti

Nel caso di moti turbolenti, si utilizzeranno sempre valori medi delle grandezze

PROFILO DI VELOCITA

Parabolic
curve Moto Laminare

Re < 2300

V' velocita media

Moto Turbolento
Re > 4200

Pin unidimensionale

In moto turbolento V' = Uy,




PERDITE DI CARICO IN REGIME INCOMPRESSIBILE

Equazione di conservazione massa

Moto unidimensionale stazionario

PIV1AL = pVo Ay

Moto incompressibile (p = cost)

Sezione costante (A = cost)

V; =V, =V = cost

PERDITE DI CARICO IN REGIME INCOMPRESSIBILE

Bilancio quantita di moto

m (Kz _Kz)"' P1A1HI + PzAgﬂz +85= ”Zé'

T,=7, in figura

Ag-i=-g(z,-2,)=-84z
posto ‘g‘sg

Adp+p gAAz+z P AL=0

dividendo per A4 e indicando con D, = 4A4/P il diametro idraulico equivalente

r— = =1

Aoy =
D
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Ap+p ghz+4r,
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+Az=|-TpAL=-hf I
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BILANCIO DELLA QUANTITA DI MOTO
dp+pVdV +p gdz + 4t Z—x:O
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PERDITE DI CARICO IN REGIME INCOMPRESSIBILE

iz
dp+pgdi+ 4z, £=0 >>> £+Az=-—” £=-hf
D, Pg pg D,
Da un analisi del fenomeno si vede che
t,=F(p,V.uD,ée)
Mediante il Teorema di Buckingham si ottiene:
8
f= r"2=F(Re,i) con Re=&
pV Df
. . LV’
[ coefficiente di Darcy ; h, = f—_—
D 2g

conAL =L

Queste perdite di carico si chiamano DISTRIBUITE

In condotti circolari D,=D =d




ESPERIMENTI DI NIKURADSE
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FORMULA DI COLEBROOK E WHITE
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La formula di Colebrook e White si traduce nell’abaco di Moody




Values of { Vd) for water at 60°F (velocity, ft/s « diameter, in)
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Material Condition ft mmn Uncertainty, %
Steel Sheet metal, new 0.00016 0.05 * 60
Stainless, new 0.000007 0.002 + 50
Commercial, new 0.00015 0.046 + 30
Riveted 0.01 3.0 + 70
Rusted 0.007 2.0 * 50
Iron Cast, new 0.00085 0.26 + 50
Wrought, new 0.00015 0.046 * 20
Galvanized, new 0.0005 0.15 + 40
Asphalted cast 0.0004 0.12 * 50
Brass Drawn, new 0.000007 0.002 + 50
Plastic Drawn tubing 0.000005 0.0015 * 60
Glass — Smooth Smooth
Concrete Smoothed 0.00013 0.04 * 60
Rough 0.007 2.0 * 50
Rubber Smoothed 0.000033 0.01 * 60
Wood Stave 0.0016 0.5 * 40




PERDITE DI CARICO CONCENTRATE

Le perdite di carico concentrate si hanno in:

- Ingressi. o uscite. di condotti

- Variazioni di sezione repentine

- Variazioni di sezione graduali

- Curve, condotti a T, in generale tutte le connessioni di condotti

- Valvole (aperte, o parzialmente chiuse)

hw _  Ap
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Coefficiente di perdita K=
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Fig. .17 Typical commercial valve
geametries: (@) gate valve:

(&1 glabe valve: (¢) angle valwve;
(ah swing-check valve; (¢) disk-
type gate valve.

R

-— &K{\\\Y‘S‘?

Nominal diameter, in

Srewed Flanged

T I 2 4 1 F 4 i 20

Valves (fully open):

Crloibea 14 a2 6.9 57 13 a5 a0 58 35

Crate 030 024 0.1é 011 080 035 014 0. 00

Swing check Al 29 2, 2 2o 20 20 20 20

Angla Q0 47 2 10 45 24 20 20 20
Eitaws:

45" regular 030 032 0.0 026

45" long radiuz 0.zl 0.20 014 014 014

Q07 regular 2.0 15 0,05 .64 050 030 Q.30 024 021

20" long radius 1.0 072 041 0.23 .40 0.30 019 0.15 010

1807 megular 2.0 15 0.95 0.64 041 0.35 .50 025 0

1807 long radiuz 0.40 0.30 021 0.5 LRI
Taseea:

Line flaw .50 05 0,50 0.00 024 015 0.4 .10 o7

Baanch flow 24 L& 1.4 11 Lo 080 064 058 041




CURVE
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VARIAZIONI DI SEZIONE REPENTINE
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EXAMPLE Determinare la prevalenza e la potenza della pompa

Screwed Sharp = 1201t
regular exit
90° elbow
@ 7 >< — S
7 =20 fi 1
Sharp |
entrance Half-open

gate valve

12-in

bend radius

| Pump \'\\
Open globe \ %
valve 400 ft of pipe, d = ﬁ ft
p =194 .«;lugsfft3 0=0.2 ft'/s p=1000 Kg/m
v = 0.000011 ftg,:",«; Q=0.2*0,3048* 0.3048*0.3048=
=5.663E-3 m3/s
e/d = 0.001. v=0.000011*0.3048*0.3048=1.02E-6 m2/s

EXAMPLE

DLy iy = (”—3+ﬁ+32) +het > hy = hy
pg 28 Pg  2g =

since py = pand V, =V, = 0,

d —

hy=2— 21+ hy+ > h, =120 ft — 20 ft + i(i + TK)

o
[a RN

) 2 ft's
v=2_ % =9.17 f's  =2.79 m/s
1 £

vd 9176

~ ~ 0.000011 _ 139000




EXAMPLE
Screwed @

Sharp
regular exit
907 elbow
® X —="
\
Sharp \
entrance Half-open

gate valve

12-in
bend radius

Open globe

|m

valve 400 ft of pipe, d = 5 ft

1.0OSS I
Sharp entrance (Fig. 6.21) 0.5
Open globe valve (2 in, Table 6.5) 6.9
12-in bend (Fig. 6.20) 0.15
Regular 90° elbow (Table 6.5) 0.95
Half-closed gate valve (from Fig. 6.18b) 2.
Sharp exit (Fig. 6.21) 1.0

SK=122

EXAMPLE

For e/d = 0.001, from the Moody chart read f = 0.0216.

V2L (9.17 ft/s)*> [ 0.0216(400)
h, = - + —{&= + = 100 ft + +12.2
b = 120120 2g( d ZK) 2(32.2 ft/s?) 2

9

= 100 ft + 84 ft = 184 ft pump head =56.08 m/s

P = pgQh, = [1.94(32.2) Ibf/fE*](0.2 ft/s)(184 ft) = 2300 ft - Ibt/s

2300
The conversion factor is 1 hp = 550 ft - Ibf/s 1P = 550 4.2 hp

P=pgQh,=1000%9.81*5.663E-3*56.08=3115 W
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Q= Q= Q3 = consl

Vidi = Vod3; = Vaid3

Aha_)g = .&h| + Ahz + Ah?,

d

Ahyp= 1 (f'L'+§K.) 4] (f*L2+§K~,) $ L (d3 ZK})

V2
Ahy_p = ,,_‘; (ag + a fi + arfs + asf3)

EXAMPLE ®
@I M ; 1
Aw I — : — e R

Given is a three-pipe series system, The total pressure drop
IS p, -Pg =150,000 Pa, and the elevation drop is z, -zg 5 m.

The pipe data are

Pipe L,m d, cm €, mm eld
1 100 8 0.24 0.003
2 150 6 0.12 0.002
3 80 4 0.20 0.005

The fluid is water, p=1000 kg/m3 and v=1.02 x10% m2/s.
Calculate the flow rate Q in m3/h through the system.




EXAMPLE

=PA"Pp | 4 —2g = 150,000 +5m=203m

Ahy_p = Z Z
"B 2 : 1000(9.81)
v=Sy, =2y v, =Dy =y,
ds 9 [/ =
l’/'\nd': -1-
Re, = V;d? Re, = ;Rel Re; = 2 Re;

Neglecting minor losses
Begin by estimating fi, f>, and f5 from the Moody-chart fully rough regime

£, =00262 f,=00234 f, =0.0304

Ahy_p = ZT [1250‘}‘1 + 2500(%)}“2 + 2000(4)2‘3‘5]
g Ny
Vi 22(20.3)/(33 + 185 + 973) V,= 0.58 m/s
EXAMPLE

Re, = 45400  Re, = 60,500  Re; = 90,800

Hence, from the Moody chart,

f,=00288 f,=00260 f,=00314

) =4mdiV, =2.84 X 107 m’/s

=

V, = 0.565 m/s

0, = 102 m/h

A second iteration gives Q = 10.22 m’/h, a negligible change.




AhA—)B = Ahl = Ahz = Ah3
Q=011+ 0+ 05

@:ﬂ&mWQ@:ﬁﬁc C = 7 9d’/8L

| Q’ mod’
— gd;
4 (g \/Cifff) rere G 8L,

EXAMPLE #////52,/ff‘::‘“ﬁw\\\\\\Hk
@

Ae — *B
v
Pipe L,m d, cm €, mm eld
1 100 8 0.24 0.003
2 150 6 0.12 0.002
5 80 4 0.20 0.005

are connected in parallel
Total head loss of 20.3 m.

Compute the total flow rate Q, neglecting minor losses.




EXAMPLE

203 m = Vi 1250f, = V3 2500f, = V3 2000f
b 2% 1 28 )2 2 )f3

Guess fully rough flow in pipe 1: fi = 0.0262, V| = 3.49 m/s: hence Re; = Vidi/v = 273,000.

From the Moody chart read f; = 0.0267; recompute V, = 3.46 m/s, Q| = 62.5 m'/h.

Next guess for pipe 2: f = 0.0234, V, = 2.61 m/s; then Re, = 153,000, and hence f; =
0.0246, V, = 2.55 m/s, Q> = 25.9 m’/h.

Finally guess for pipe 3: f3 = 0.0304, V3 = 2.56 m/s; then Re; = 100,000, and hence f; =
0.0313, V; = 2.52 m/s, Q3 = 11.4 m*/h.

0=0,+ Q0+ Q0;=625+259+ 114 =998 m’/h

These three pipes carry 10 times more flow in parallel than they do in series.




