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Sizing Problem

Afood indugry nesd anew control valve for a process streemat thefol lowing conditions:
fluid: sunflower all
density: pr = 0.032 1bin®
downstream presaure P,: amogpheric
vgoor pressure P, = 0.1 psi
F-=0.95%6
nomind sizeof piping DN =60 nm
However, the process stream undergoes to variability in the foll owing variables:
messflow rae: m =8+ 101b/s
upgream presure Py =37 + 44 ps

a With respect to the above range of vaiaions cdaulae the flow coefficient G, for the
vave worki ng condi tions that gppear to bethe most demanding

A sted-made, fl ange mounted d obe valve Combraco 57 is avaladl e It may adopt ether alinear or
equalpercentageor parabolic intring c charatterigic. Therangeability isr =20. Thevalve
menufacturer deata are

DN Kun
mm | m® (H,0) /h bar”

3.0
9.2
12.1
17.0
29.3
34.6

Theconvasion for Ky to the flow coefficient G, isasfollows
C,=1.16 K, [=] gom (USA) psi™?

8 88|85 w

b. What isthe valve nominal siz€

c. Size the valveand choose that one with the mog gopropriate DN and intrinsic
charadteristic

d. Che cavitation acoording to the IEC norm

Thevalve chosen eboveistoingall inaplant drauit that has an overall pressure drop APy = 3am =
oconstant.

e Whatisthe installed characteristic?
f. Chooseanoptimd vduefor the valve authority V, which should be congruent with the
previous chai ce of theintrinsic characteristic

0. Draw a quantitative diagram thet displays the flow rate ratio V\;h) just for the above

chosen valveauthority
h. For the same vdue of the valve authority V, calcul ae the nomind pressuredrop across
thevalve AP?

i.  Correspondingly, how much is the new value of the nominal flow rate V, ?

file valvola_070208_EN.xmcd pag. 1




Universita degli Studi di Salerno STRUMENTAZIONE E CONTROLLO DEI Prof. Michele Miccio
PROCESSI CHIMICI
(Instrumentation and Control of Chemical

Processes)
The pink painted variables are DATA The blu painted text is COMMENT
PROBLEM DATA
o = o_8gdi_9 density = pr= 0.0325%
fluid: "
sunflower oil p
(olio di girasole) G; := ————— specific density & G = 0.89
1000céﬂ
3
m
P, := 1.GEm & P, = 14.696mpsi downstream pressure
-3
P,:= 0.10ps & P,=6.805x 10 (@&m
Fe:= 0.956 DN = 60 mm
OTHER VALVE DATA NEW DEFINITIONS
S lobal definition of a new
— : = glo
FL=09 gﬁbizg:\),i norm. AnnexD: bar = 10 Pa unit (pressure) in MathCad
2
Ke:= 0.8F_ K.=0.648 . -1_.-05
¢ ¢ conversion_factor := 1.1659al min__ps
. -1__-05

r:=20 rangeability m-hr "~ [Dar

8 3

15 9.2

20 121 oo
DN := mm  Kyp= m 3.48

40 17 1 cypy:= conversion factorK,,, 10.672

2
60 29.3 | hribar 14.036 1. -05
80 34.6 & Cn=l ggy [FMN IR
33.988
40.136
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DESIGN CALCULATIONS

1) C, CALCULATION

1st case (lowest pressure and largest flow rate)

m_punto := 100bs 1

m_punto
P

V_punto ;=

2nd case (largest pressure and largest flow rate)

.= 44(ps

m,_punto == 10Mbs 1

m_punto

\A Runto =
Pt

3rd case (lowest pressure and lowest flow rate)

Py= 37ps

m._punto == 8bis 1

m_punto

\A Runto =
Pt

V_punto
Cy3=
P -P

Gy

&

&

&

&

&

&

P, = 2.518Em
m_punto = 4.536d(—g
S

3

-3
V_punto =5.097 x 10 ~
S

Cy1 = 16.137mal min” 1psi” 0-°

Py = 2.994Em
m_punto = 4.536d(—g
S

3

-3
V_punto =5.097 x 10 ~
S

Cyp = 14.078a min” 1psi” 0-°

P, = 2.518Em
m_punto = 3.629d(—g
S

3

-3
V_punto =4.077x 10 ~
S

Cyz = 12.909d min” 1psi” 0-°

upstream absolute pressure

mass flow rate

V_punto = 80.782%%
min

volume flow rate

Valve Flow Coefficient

upstream absolute pressure

mass flow rate

V_punto = 80.782%
min

volume flow rate

Valve Flow Coefficient

upstream absolute pressure

mass flow rate

V_punto = 64.625[—Iﬂ volume flow rate

min

Valve Flow Coefficient
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4th case (largest pressure and lowest flow rate)

tream absolute pre re
Fa,= 44ps & Py = 2.9940m ups Solute pressu

mass flow rate

m, punto = 8llbis 1 & m_punto = 3.62959
s

Y. punto = m_punto & 3 3
Pt V_punto =4.077 x 10 om V_punto = 64.625[—)@ volume flow rate
S min
Cyq'= _v_punto_ &  Cyq=11.263(gd min 1E>si_ 05 Valve Flow Coefficient
P, - P
1 "2
Gf

Therefore, sizing will be carried out in the most “challenging" case from the options above, that is:

Cvi=Cn & C, = 16.137ga min_ lps 0

2) VALVE SIZING

Equal Percentage Valve o(h) = ML

For DN =40 mm

og7:=0(0.7)  g7=0.407 Cun,, =19.72mgamin” 1ps™ 0 Cyn o7 = 8.028galmin” 1ps™ 0
its C,"=¢(0.7)C,, <C, This choice doesn't fulfill the 70%
criterion !

For DN = 60 mm

go7=9(0.7) 99720407 cy_ =33.988amin- 1pa 00 Cyng o7 = 13.8361a min- 1pa 00
its C,"=¢(0.7)C,, <C, This choice doesn't fulfill the 70%
criterion !
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Linear Valve $(h):=h+

For DN =40 mm

5

=6(0.7) 6920715  Cyn =19.72@dmin ‘s O° Cyn o= 14.Lgdmin Tps O
D07 0.7 vy vn, 0.7

its C," = ¢(0.7)C,,, < C,; This choice doesn't fulfill the 70%
criterion !

For DN = 60 mm

5

g02=9(0.7)  907=0.715  cy_=33.988iamin° 1ps™ 0 Cyng o7 = 24.301ga min” 1ps0°
its C,' = ¢0.7)C,, >C,;  OK! |
2 1- h2
PARABOLIC VALVE $(h) = h" +
r
For DN =40 mm
$02:=9(0.7) 90720515y =10.72@gamin 1ps= 0 Cun, o7 = 10.1661ga min” 1ps0°
its C," = ¢(0.7)C,,, < C,; This choice doesn't fulfill the 70%
criterion !
For DN =60 mm
$02:=9(0.7) 90720515 Gy =33.988iamin’ 1ps= 0 Cyng o7 = 17.521gamin” 1ps0°
its C," = ¢(0.7)C,,,>C,; OK!
[This choice is even better than the linear characteristic!
4) CHECK FOR NO CAVITATION (IEC norm) > (AP—APmaX) <
0
AP:= Py - Py AP=29.3040ps
AP o = |:L2(P1 - FeR) AP = 35.5630ps
AP - AP, = -6.2590ps
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6) INSTALLED CHARACTERISTIC

VALVE AUTHORITY

Since the valve chosen above has a parabolic charateristic, it must be:  0.25 <V < 0.4
For simplicity, V can be chosen as:

y = 025+04 = Vv=0.325
2
. 2 1- h2
PARABOLIC VALVE with DN =60 mm Bh) = h" +
r
Swai= Cung & Cy=33.988mdmin Tps O

DATA PREPARATION TO PLOT THE INSTALLED CHARATERISTIC

INOTES on MathCad usage |

This is Mathcad's range variable operator.

NB: Notice that when you type the semicolon character [;], it displays on
h:=0,0.1..1 the screen as two dots (n..1) surrounded by placeholders.
Notice that ,0.1 represents the increment of the range variable.

h = o(h) =
0 0.05 These are the values chosen for the independent variable ) and the
0.1 0.06 values calculated for its function @(h).
0.2 0.088
0.3 0.136 Range variables in Mathcad are always displayed in a table.
0.4 0.202
0.5 0.288
0.6 0.392
0.7 0.516
0.8 0.658
0.9 0.82
1 1

Let us define the flow ratio for the INSTALLED CHARATERISTIC:
ratio = V_punto(h)/V_punto,

ratio(h) :=

v This instruction defines ratio(h) as a new function of the independent
1-v+

variable h.

o(h)?
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h = ratio(h) =
0 0.087 These are the values chosen for the independent variable h) and the
0.1 0.104 values calculated for its functionratio(h).
0.2 0.153
0.3 0.233 Range variables in Mathcad are always displayed in a table.
0.4 0.34
0.5 0.466
0.6 0.599
0.7 0.726
0.8 0.838
0.9 0.929
1 1
1 o . : :
/4 This is the diagram (non-dimensional) of
ratio(h).
.'. NB:
0.75 A Notice that they are obtained in Mathcac
a by simply typing the function and the
independent variable on the axes,
respectively.
ratio(h) oY P Y
0.5 Ay
h W’
0.25 o
0 o
0 0.25 0.5 0.75 1
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8) NOMINAL PRESSURE DROP ACROSS THE VALVE

APy = 3@m AP, := VAR, =  AP,=14.329ps AP, =0.9750m

overall pressure

drop in the circuit AP, = APy - AP, &  AP,=29.759ps AP, = 2.025@m

9) NOMINAL FLOW RATE

AP, -1
V_puntop, := C,, E @ V_punto, = 136.374(galnin
m_punto,, := V_puntop,[p¢ & m_punto,, = 7.657§ m_punto,, = 16.882@—b
s s
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