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Diagrams and nomograms
for the Flowtec Handbook

These diagrams and nomograms were developed by Klaus
Daube in 2003 for E+H Flowtec AG, CH-4153 Reinach near
Basel. Hence they are copyrighted and must not be used in a
commercial environment, that is, may not be used in any sold
publication.

If you use these diagrams and nomograms you are required to
provide the source information:

English  Flow Handbook, 2nd Edition 2004, completely
revised, ISBN 3-9520220-4-7

Deutsch Durchfluss Handbuch, 4. Auflage 2003, volstandig
Uberarbeitet, ISBN 3-9520220-3-9

Note: This text is the development documentation of the diagrams.
Comments indicate some discussion between the author and
the contractor due to ambiguities and errors in the old dia-
grams.

The size of the diagrams fit into the A5 sized book. Thanks to
PDF the new diagrams can be printed in any size.
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Introductory remarks

Sources of data and
information
[Cengel]

[Crane]

[Sturmayr]

[Vogel]
[web1]

[PressureDrop]

The dilemma of the
nominal diameter

Just copy from the scans?

Yunus A. Cengel, Robert H. Turner: Fundamentals of Thermal-
Fluid Sciences [McGraw-Hill 2001] ISBN 0-07-118152-0.

Crane Technical Paper No 410, New York 1991

This TP is the quintessential guide to understanding the flow
of fluid through valves, pipes and fittings, enabling you to
select the correct equipment for your piping system.

Originally developed in 1942, the latest edition of Crane TP-
410 serves as an indispensable technical resource for specify-
ing engineers, designers and engineering students.

TP-410 is published by Crane Valve Group (CVG), one of the
world's leading suppliers of valve products and services.

It is, for example, available at shops.flowoffluids.com (2008:
USD 45.-)

Dipl.-Ing. Andreas Sturmayr, Research Assistant

Dienst Stromingsmechanica (Department of Fluid Mechanics)
Vrije Universiteit Brussel, Pleinlaan 2, 1050 Brussels, Belgium
(e-mail correspondence with the author 2002-12).

Chemiker Kalender, Edited by H.U. v. Vogel, [Springer 1956]

http://homepages.compuserve.de/ctmattke/viskosl.html as
of 2002-12

This program from software-factory.de (current version 2008
is 6.2) is available both in German and English. The web site
also provides an online-calculator.

A basic problem in most of the diagrams is the incompatibil-
ity of nominal diameter and inner diameter of a pipe. Hence
the cross section area is not correct if DN = D; is assumed.

Steep pipes according to DIN 2448:

DN [mm] 10 50 100 200
D; [mm] 13.6 54.5 107.1 207.3
Cross section @ 1.85 29.7 114.7 430
Errorin % 85 19 15 7.5

a. simplified as a square - has no influence on the calculated error.

The relation between DN and D; is not linear at all but
depends on various parameters:

1 the nominal diameter DN
2 the type of tube (steel tube, water pipe, concrete pipe, ...)
3 pressure stage

Hence this influence can not be considered sufficiently in the
diagrams.

It is not desirable to use the old (scanned) diagrams as tem-
plates in all cases. Reasons are:


http://shop.flowoffluids.com/cgi/display.cgi?item_num=FF_TP410
http://www.software-factory.de/
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Consequence

Drawing time

Note:

Introductory remarks

» The scans are imprecise, distorted and of low resolution
(200 dpi).

* Most diagrams seem to be daughters or even grand chil-
dren of original drawings. This is most evident with the
diagrams using the US units.

* Lines are quite heavy which may impose a reading error up
to 10% at tight diagram areas.

* In the diagrams the nominal diameters are displayed on an
exact logarithmic scale. At least for small ratios DN/D; this
is not fully correct. Hence my impression is that accuracy
of the diagrams was not a primary goal then.

The newly drawn diagrams use D; = DN. The cross section
areas hence is DN?r/4. This proceeding is supported by E+H
Flowtec.

In the Flow handbook the text makes a remark concerning this.

The time noted at the diagrams account only for the pure
drawing. It does not include research and fine tuning of the
appearance after comments by E+H Flowtec.
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Example: At fliow rafe 30 dm®/min and diometer 75w velocity Is 2.75 m/s

Users want line diagrams (array of curves or lines), although
alignment charts are more clear.
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Diagrams in book appendix

appendix-qv-1.eps
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Q= 30 dm?/min, DN 15 2 v = 2.8 m/s (exactly: 2.83)
QO[dm3*/min] = v[m/s]60[s/min]10[dm/m] gdz [mm?]10~*[dm?*mm?]
eq = 20; ey = 35; epy = 40; tga = 20/35

1 USgal = 3.785 dm?3; 1 ft = 0.305 m
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appendix-qv-la.eps
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Diagrams in book appendix
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Example:  Flow rate 200 m*/h and diameter 150 gives velocity 3 m/s.

Users want line diagrams (array of curves or lines), although
alignment charts are more clear.
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Q=200 m’/h, DN 150 = v = 3.1 m/s (exactly: 3.144)
O[m/h] = v[m/s]3600[s/h]§d2[mm2]10*6[dm2/mm2]

eq = 30; ey = 35; epy = 60; tga = 30/35
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50
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10

1 USgal = 3.785 dm3; 1 ft = 0.305 m; 1 [gal/min] = 0.2271

[m3/h]
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Example:  The vortex frequency of a SWINGWIRL DN 100 ot flow rate 200 e/
i5 60 Hz =peictelici-atnaigiae0t-Reuio-oane-tioqucnsion

Two diagrams are necessary because the length of the lines
indicate the working area of the measuring devices - which
are not identical for liquids and gases.

acfm: actual cubic feet/minute (air pressure considered).
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Diagrams in book appendix

appendix-vx-freq-liquid.eps
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The vortex frequency of a Swingwirl DN 100 at a flow rate of
200 m3/h is 63 Hz.

0=dZy> 4= o4
4Stv vr

flHz] = v

with St = Strouhal-number (value unknown)

- copying requested, although the diagrams could be com-

ined and an alignment chart would be more clear.

ef = 24; eq=24; ep=49;tga =1

1 ft = 0.305 m; 1 acfm = 0.3053 [m3/min] = 1.699 [m3/h]
1 gpm [gal/min] = 0.2271 [m3/h]



Excursus about the
Strouhal number
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This section presents the result of the e-mail correspondence
with [Sturmayr].

The Strouhal number depends on the geometry (form) as well
as the Reynolds and Mach number. The diagrams are obvi-
ously both logarithmic and in physical entities linear, that is,

Inf = alnv+b oOr f=bve linear for a=1 ;

whereas » = %t

The diagrams assume that the Strouhal number depends only
on the geometry and the characteristic length and hence are
constnat for a given nominal diameter. A possible small
dependence on velocity, viscosity and Mach number is not
considered in the diagrams.

The Strouhal number does not depend on the medium. Gases
and liquids differentiate only in their compressability (‘high’
for gases, ‘low’ for liquids). Above the critical pressure of the
medium in question only a liquid phase exists which exposes
the typical high density of liquids and the typical high com-
presseability of gases.

As long as the Mach number is smaller than 0.3 flowing gases
are approximately incompressible. This criterion is relevant
in flows within plants, where they normally are held true.

The Strouhal numbers for the various nominal diameters have
certainly been found by experiments: hence either call for the
original data or copy from the existing diagrams.

The ends of the characteristic curves could indicate the func-
tional area of the respective SWINGWHIRL. The functional area
may well be different for gases and liquids (no clean unwind-
ing of the vortex beyond the end of the characteristic lines.

To press 100 m3/h through a 10mm pipe is excessive (and
possibly outside the functional area, but not necessarily
impossible. Self induced oscillations with 30 kHz are define-
tely possible).
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Mollier diagram
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Example: Steam af 1 bar absolute pressure and 150°C is overheated: if has
on enthalpy of 2780 kd/kg and an entropy of 7.62 kJ/kg grd.

To reduce compexity draw distinct diagrams for SI and US
units.

psia: psi absolute



New diagrams

File appendix-mollier-si.eps
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Example Steam with 1 bar at 150 °C is overheated

- Enthalpy 2780 [k]J/kg], Entropy 7.62 [k]J/kg "C]

Diagram data ep = 77/1000; eg= 42; curves copied from [Cengel], althour the
diagram therein displays a very large range.

Note: In place of [kJ/kg "C] also [k]/kg ‘K] is in use.
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appendix-mollier-us.eps
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3.0 h + 2h corrections according to new sources.

Steam at 10 PSIA at 300 °F is overheated
= enthalpy 1190 [BTU/Ib], entropy 1.86 [BTU/Ib °F]]

ep = 109/500; eg= 164; kurven aus [Cengel], anhang 2.

www.genphysics.com, leaflet for GPSteam Version 4.0 (Steam
Property calculator) is too small for copy.

In place of [BTU/Ib °F] also [BTU/Ib ‘R] is in use. R is abbrevia-
tion for Rankine, not for Reaumur!



[Sturmayr]
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Leave diagram in this form, however reduce number of
lines,e.g. leave out DN 350 and 450. US units in same diagram.

psig: psi excell pressure (air pressue considered), gauge dis-
play
(a) is the density p, more exactly the specific volume 1/p.

Carefully distinguish between mass flow rate - (/i) volume
flow rate (Q):

m = p0 oder 0 =m-

The ordinate in the lower diagram is the volume flow rate
(logarithmic scale). The DN lines (lower scale and missing, but
not needed left scale) display the linear dependance of the
volume flow rate from the volocity (at a constant pipe cross
section).

The lines for the mass flow rate (missing scale above and to
the left - both are not required) display the liniear depend-
ance of the volume flow rate from the specific volume (at a
constant masse flow rate, see equation).
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Diagrams in book appendix

For calculating new data for the steam diagrams a saturation
equation and probably an equation of state for the upper dia-
gram is required.

appendix-steam-1.eps
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Steam pressure 10 [bar] (gauge), temperature T=183 ['C] (satu-
rated steam) yields a throughput of 5 [t/h] and with DN 100 a
flow velocity of 50 [m/s].

Steam data according to VDI Dampftafel; e, = 11; e}, is not log-
arithmic, e, = 26: epy ~ 36.8, a = -40°(copied, adapted), e, =
27.5, a = 40°(copied, adapted), ey, = 28.5 (copied, adapted)

# is the mass flow rate[kg/m?3]. v [m3/kg] is the hidden
abcissa between the two diagram parts.

1 ft = 0.305 m; 1 psi = 0.069 [bar]; 1 1b = 0.454 [kg]
psig is excessive pressure (gauge)

v ... specific volume, t ... steam temperature, p, ... Steam pres-
sure (gauge)



Saturated steam

Overheated steam

Pebary O 1 2 5 10 20 50 100 200
t [°C] 99.1 119.6 133 158 183 214 263 309.5 364
v [m3/kg] 1.725 0.9 0.62 0.32 0.18 0.097 0.043 0.019 0.007

v ... specific volume

Pe [bar] 5 10 20 50 100 200
t=250°C 0.343 0.215 0.108
t =400 °C 0.448 0.284 0.147 0.059 0.027 0.01

5-18
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[Sturmayr]
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Exampie: 2000 kg/h vapour flow rate af 4 bar excess pressure
we DN 100 s ideal.

Leave diagram in this form, but reduce number of lines..
Abscissa is the mass flow rate m = pv4

(v velocity, A pipe cross section), Ordinate is pressure. For
saturated steam density depends only on pressure.

p = p(p) oder umgekehrt p = p(p)

For a particular curve, eb. DN 100 both mass flow rate and
area A are constant. Reading the diagram conventionally dis-

plays:
r(p) wobei p=—

Since v and a re constant p becomes a linear function of the
mass flow rate. If the ordinate would be the density p then the
DN lines would be straight lines. The current bent DN lines
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File

Drawing time
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Diagram data

Constants

(%)
|

20

implicitly contain the dependancy pressure/density at satura-
tion.

The diagram is valied for v = 25 m/s which is economic for
steam in pipes.

These look completely different - but are just turned 90°.
appendix-steam-2.eps

D S »
Pe linch] & 2 e sy ey Ty
[psio] [bar] N 'm0 & 88 &8 £568 &8
100
1000 ]
C 50
500
- 20
200 ] / / /
L 10
o /
L 5 7
SENRER A RV AR AV S VAV &
F50 7
- ] |
- j
- ] i
F20 !
C B 1
L 1—
r 7 i
F1o ;
[ 05
b !
L ] :
s i
j - |
- 02
O A= P T T T T T T[T T o T T T T
. [ka/h] 20 50 100 2 5 10° 2 5 10 2 5 10° 2 5  10°
bh] 50 100 2 5 10° 2 5 10° 2 5 10° 2 5 10°
N N R T R R N A N A N T R R A

The nomogram above shows saturated-stem flow rates for a
flow volocity = 25 m/s.

Steam flow rate of 3000 [kg/h] at 4 [bar] (gauge) = DN 100 to
150 is ideal for these process conditions.

ep = 30; epy = 103; ey, = 20; curves copied

1 psi = 0.069 [bar]; 1 Ib = 0.454 [kg]
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ff/swm/s
B
20 V77V 7
¢ A0
aval 777794
10 /| f////
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2 .
05
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i el
0000 i
¥ V|
50000 any’ 7
//
1 YA
20000
//
L4
10000
500047 A
100 4= . 2
VA4 ,// /
2000 L/ y //
¥ y
/] .y
& 1000[ ( el

Example:  Atv=04m/s, anominal diameter of 150 and a viscosity of 10 cst
¢mm?/s) the Reynolds No. Is 6200. This fies in the measuring range
with an accuracy of + 1% o.f.s. (of full scale).

For Re No. = 20000 therefore in range +1% o.r. (of rate)
Re 20000, 10 ¢Sf, DN 150w 1.3 m/s
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o 4 ,r | 77 V7
max. 4 60 A~ 77777
? G a4 7
q /] / /|
100 A4 AP
f 20 %\\';W/ d '\4(//////71 r/'f/'///
E oW P
50— S c;/ %f%;"
14 /S RAUSS S A
] - y, Lé-%\x“ I&% Q\J\o
l FAW Ay &V )V DL S
c 7 AVAV AV YIRS
- /1 /:,u" \-S; ./
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| v . Yy
1, // 9 // g 4/25//
1080 Wigwa T 7 //
(a1 ST AR § 114 7
< 50000 WA /| i o 4
2 f RS of 1A/ /
b oA / W &5
Y D
: 5
1— 20000 | AV, / >
/ // 4 p
V/ by
Y 100004/ /
u— i yd A
&2 . yd 7
< prans 7 7
v AR,
d /v //
2000 / 4
/ 4 A
w /] /|
o 1000_y i iz

Example:  Velocity 50 my/s, DN 80, viscosity 50 mm? /s Re = 80000 .. greafer
than Re 20000, therefore in range +1% o.r.

These two diagrams can be combined into one alignment
chart.

The ranges for the accuracy meet at Re = 2 - 104 hence only a
one-pointed arrow is nescessary.

Data must be calculated anew, the old diagrams have an error
of n/4.
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New diagram
File appendix-vx-re-lig&gas.eps

2
v [mm/s (6SY)] [fs]  [ms]

10007
H 200 o
500 T 50
. 100 —

200 4 -4
E Re = 20
1007 10° 5 d T
- 3 [inch] [mm] 50
] 27 — 1 T
50 E B T
] 10° 3 " £ i
- E . 5 —
204 27 1 £ 20 o+
3 3 38 5
E S B R e wf T
103---""790"F [#1%ofs. DN S T
. 53 S 10 —
- 3 .2 F 50 T
5 5 3 |x1% o N = 7
. = 3 100 F2
] 10°5 = T
,, 3 =F.200 5 +
24 2 7 10 T
E 53 20 500, g
= = = N T
=  —
13 10°3 5o == 1000 iy
- 23 == 2000 o
7 E 100 = ST
05 53 e
] 1075 T
,, E ;3
023 = 1
3 53 + 02
0.1- 108 = N
05 -
Drawing time Ca 7.0 h including development
Examples v= 0.4 [m/s], ND= 150, v= 10 [cSt= mm?/s] = Re = 7500 > + 1%

of full scale.

v=50 [m/s], ND= 80, v= 50 [cSt= mm?/s] & Re= 100000 > + 1%
of reading.

Note: Only the first example is drawn.

Equation Re = vvd- v [mm?/s = cSt]
Diagram data e, =32; epe = 16; epy = 20; e, = 48; a,., = 22.5; a,.py = 27; Ay =
90.
Re-range has been extended in both directions.
Constants 1ft=0.305m
5-23



1000 - g SR T
I 1] LYAY A 1 P L LN
Jyeraic = ,\/\ \[ T} \\L Y Heln’reld sl‘rec?m-lty}mdler ol
—f— mineral ol == \ \\\ I~ Heavy brown coal-tar
\ A }‘ 1 ﬁ—S‘ugclr-'mu\nslses
kA TaNER _ | |
) 1= Chlarine - hydrocarbens
S 3 I Lol Ir
Phospharic acid - Ester -\ . k,r [ T%f—Chlorine - Phosphat-Ester
o I I NN
I T - a1 11
] pld 1 |!A2°° MR T N
N AN N 5\
VN VSN
B NN
=N B Ethyl alcohot \\\ \ I\ \\ \\ Biicon
G Y \ \\\ 3
(=) N\ NN Palyalcylen - giycol—]
= \ i\ x || _{m. &7% water}
> \ \ ) | (m. 1% water)
10 —N N \\ Y % S
> LY LY LYY N, N o
< LY b A
a N ) 48 10 e
] N M N !
= AN N [ Light cit | NN ™ |
ZE \ \\ ‘\ 16,5 - 107 m¥s
g NN '
= Fathyio N R N
E erhyl=i-1 N
LY alcohal \\ \\\\ %\ | Gasoil
1 N N ™ N [}
~— ~ Phenol
Benzine . = EOLAPA
~ [ Naphthalina ||
ST
x| 1] o e
n-0Octane = g s S I S Toluene
—Heprune// i T "“,“__:-4_ Benzene
-Hexane 1 “ivater ~T T A7 b
~Pentanet—] i
i
1 !
°C -9 -50 0 50 00 150 150

°F —1|30—100 S0 0 50 0 10 20 250 300 3503;74
] | | j ] ;

Temperature t in®C /°F ———

Example: The cinemafic viscosity of sificon of 80°C is

2
4. 105—;” =40 ¢St

Combine curves in the shaded area, if only the first and last
curve in this area have values. Some curved may be dismissed,
if area to crowded.
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Files appendix-temp-viscos-liquid_de.eps,
appendix-temp-viscos-liquid_en.eps

0
AR

100 \ \
\\ Heated steam - cylinder oil
\

50 - ‘
B T —lemmim e \ Sugar - molasses
Pydraul-F-9\
1
Ethyl alcohol H
; \ ! Silicon
20 :

\ i Chlorine hydrocarbons
Methyl alcohol ! \
10 \ N \\ 0 Heavy brown coal-tar ——
5 B

]
1
Light oil : Hydraulic mineral oil
1
1
1

48 cSt

] \ i 16 cSt
2 AN ;
1 n-Octane \ : Gas oil
- n-Heptane R |
. n-Hexane \\\\ Phenol
0.5 n-Pentane = : ———
. - aphthaline
— 1
] i
0.2 !
] : [ water
] i
;
e e e I I B
t [°C] -100 -50 0 50 100 150 200
[°F] -100 0 100 200 300 400

6 h + 1h for the english texts

The kinematic viscolity of silicon at 80 ['C] is 40 [cSt] =
40 [mm?/s].

e, = 30; e, = 32/100 °C; curves copied and some dismissed.

F=1.8°C+ 32
°F -150 -100 0 100 200 300 350
°C -101 -73  -18 37.8 93.3 149 177
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Temperature t in °C/F —————

Example: He80Cwv.-p= 17 _’EQPG
3

To calculate v at a cerfain pressure, multiply the value by p in Pa
(1 bar = 16° Pa = 16° N/m?)

The diagram seems to be valid at py = 1 [bar]. Ordinate: ¢St
(centiStokes) x pa (Pascal), to be able to convert to other pres-
sures.

Gases CH, and (CHy), do not exist; CoHy is ethylene. Also Ny
does not exist, should probably be N,. The values do not cor-
respond well with new sources.
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File appendix-temp-viscos-gas-de.eps
appendix-temp-viscos-gas-en.eps

v-p [cSt - pa]
50-10°
_ /He
20'106: / H2
E ______________________________ %
10-10% ;

\
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o
(=}

\
\
A

HoO Stea
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\
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—

o
o

NH3

/

[&)]

e

o
Gl

L e M 50 s e s s s B
t [°C] -50 0 50 100 150 200
[°F]-60 0 100 200 300 400

2.5 h + 5h verification and research of data
Helium 80 ‘C=> v * p = 16.3 [m2/s * Pa
Vp [cSt]= pg [cSt/Pa] * p [Pa]

1 Pa (Pascal) = 10 [bar]; cSt * pa

Note: O, and N, have nearly the same values as air, hence no sepa-
rate curves.

e, =50;e,=18/50°C

Dynamic viscosity according to [Cengel]; for ethylen accord-
ing to [webl]:

At 20°C:nm =100.3x 107 Pas;p=1.26

> v =0.796 x 10™ [m?/s].
Table values calculated according to :
A

TN T
n = nzo(ﬁ) p= P V- g (A=19.73; B=0.797)



°K

°C

Air

Ammonia

Ethylen

Carbon dioxide
Helium

Hydrogen
Nitrogen, Oxygen

Steam

Excel sheet for the
ethylen calculation:

(%)
|

28

200

-73
0.76
0.66
0.86
0.38
0.61
0.55
0.75

250
-23

1.14
1.03
0.59
0.59
0.90
0.80
1.13

at saturation

300

27
1.57
1.48
0.83
0.84
1.22
1.09
1.58
36.1

350

77
2.06
2.03
1.11
1.13
1.59
1.42
2.09
4.33

400 450

127 177
2.60 3.18
2.68 3.42
1.41 1.75
1.45 1.90
1.99 2.43
1.78 2.17
2.63 3.21
2.38 3.10

500

227
3.80
4.25
2.12
2.19
3.90
2.59
3.80
3.92

Viscosity of ethylen according to web source

-73
-23
20
27
77
127
177
227

ka

19.73

T

200
250
293
300
350
400
450
500

kb
0.797

eta
7.125E+01
8.728E+01
1.003E+02
1.024E+02
1.167E+02
1.305E+02
1.439E+02
1.568E+02

rho (20°)
1.26
rho
1.846E+00
1.477E+00
1.260E+00
1.231E+00
1.055E+00
9.230E-01
8.204E-01
7.384E-01

eta (20°)
100.3

mz/s
x 107
x10°
x 107
x 107
x 10
x 10
x10°
x 107

ny = eta/rho [m?%s]

3.860E-06
5.911E-06
7.960E-06
8.318E-06
1.107E-05
1.414E-05
1.754E-05
2.124E-05
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PSIA 03 05 1 23 5 10 203 5% W A0 50
Pressure pabs in bar/PSIA

For fluctuating temperature around t 0°C: p is calculated as;

273°C
PR mEeat
1. Chloric gas 7. Acelylens
2. Butane 8. Ammonia
3. Propane @, Methane
4. Carbon dioxide 10. City gas
5. Air 11. Hydrogen
6. Nitrogen
Example: Densify of acetylene (No. 7) ari 12 bar absolufe pressureis 13 kg/m3
at O°C.
ALS0C: 273

= 7 = 3
pe0C= 18 Zoamam = ka/m

More data for v could be calcuated by the program Pressure-
Drop.

Although the diagram shall not be converted to an alignment
chart I nevertheless deveoped one to show the difference.

In the line diagram the length of the lines indicate the valid
range.



New diagram

File appendix-density-pressure.eps

p 3.
[Ib/cft] [kg/m®]
507

2
20 .

1

NN

05

S N B 7

005 3 ///
;
002 ] / :
0ot 3 :
0.17\\\\\\\\\\\\\ \\\\\\\H\i\u I L L N L T
[bar] 0.02 05 005 , 01, 02 5 05,y 1 5, 2 50 2 100 10599 20 3
“lpsial L Lot L1l s b e bbb L il L
Drawing time 2.5h
Nr deutsch english Nr deutsch english
1 Chlorgas Chlorine 7  Acetylene Acetylene
2 Butan Butane 8 Ammoniak Ammonia
3 Porpan Propane 9 Methan Methane
4 Kohlendioxyd Carbon dioxide 10 Stadtgas City gas
5 Luft Air 11 Wasserstoff Hydrogen
6  Stickstoff Nitrogen
Example Density of acetylene (7) at 1.2 [bar] absolute pressure and 0 °C

is 1.3 [kg/m3]
At 50 ['C] the value is 1.1 [kg/m3] according to the equation.

. (. 273[°C]

Equation For temperatures around 0 °C :p, PO373 7 1o T C]

Diagram data e, =30; ey = 24; tg o = 24/30

Constants 1 [Ib/cft] = 16.02 [kg/m3]; 1 [psia] = 0.069 [bar]
5-30
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Alternative diagram

File appendix-density-pressurel.eps

p Pe
lIb/oft] [kg/m®] [psia] [bar]
1 —100
5+ |
2 E: 40 i
F* =20
3 LN E
4 é" 20 =l
5 £20 e T
T 10
6 T = T
5 ———————————————— —-—10 T
ge -7 0.5 EE 1Oi7
-5 +s
9  Acetyl 02 4 T
10 cetylene = 5|
1 7 Air 1o o
0.1 = =
10 Ammonia + 1,
12 2 Butane 005 £ :
4  Carbon dioxide T 2
- 05 +
1 Chlorine T T
0.02 = 1
12 City gas EN €
5 fluorine 001 E 02 T
13 Helium F o1 05
15 Hydrogen +
13 i g 0.5+
11 Methane +
14 8 Nitrogen T
6 Oxygen i3 0.2
3 Propane 02 &
15 14 Sulphur dioxide im
Drawing time 3.0 h (incl. development, find the y-values)
Example Density of acetylene (7) at 12 [bar] absolute pressure and 0 °C

is 13 [kg/m3]
At 50 ['C] the value is 11.4 [kg/m3] according to the equation.

Diagram data e, =80 (for placement of dots); e, =30.8; e, =50; ag = 90; a.
p = 55.4. Data according to [Vogel].

Constants 1 [Ib/cft] = 16.02 [kg/m3k 1 [psia] = 0.069 [bar]
y at 0 ['C], 1 [bar] from various sources:

Nr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Equation C|2 C4H]0 C3H8 C02 Fz 02 NZ C2H2 NH3 CH4 He SOZ Hz Ar

[diagram] 3.0 2.4 1.9 1.7 1.4 1.2 1.0 0.75 0.66 0.52 0.08

[Vogel] 3.17 264 197 195 1.67 1.41 1.27 1.23 1.15 0.76 0.71 0.50 0.18 0.15 0.09 1.76

5-31
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42000 (4.2 10%) = pipe friction factor )

Diameter d = 100 mm, roughness k

Re

Example:
Moody diagram - based on various sources.

32
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fluidics-moody-en.eps; fluidics-moody-de.eps
A d/k

0.1 T T T T
complete turbulence +

/
/

0.05

critical
7/
7/
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77/ 717

)
'
y//aal

A
i
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i
SA T/
s
/M
/7111

9
S

yAasVEI
y A A -

\
7
S

/1]

/|
]

]

YAy -

0.01

/
ya
1
[
|
T
S

0.005

9h

DN = 100 [mm], pipe roughness k= 0.1 [mm] = d/k = 1000; Re
= 42000 (4.2 - 10%) = pipe friction factor A = 0.025.

See various sources, for example [Cengel].

e, = 53; ege = 20; curves copied



Note:

34

Prandtl-Colebrook diagram

Head loss Hv per 100m pipe length in m water column
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Example:

Dimension the US scale for 100 ft (rather than 300) = Values
are identical for Hy, in [mWS/100m] and [ft water col./100ft].

Flow O in m¥h / gpm

9 m*/h generates at DN 50 a flow velocity of v = 1.25 m/s and o
loss over 100 m pice Hy = 4.3 mWS (= 0.43 bar). DN 80, 9 it /h
v=05m/sw Hy = (0.5 m/s = Hy =042 mWS (= 0.042 bar)

Keep the form, but leave out labelling at tight places.

An alignment chart Ap - Q - d - v (both Ap and v are results)

would be possible, but the customer does not like it.

Diagrams are valid for k = 0.1 [mm]
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appendix-prandtl-colebrook-1.eps

[MWS/100 m] linch] & N
RV [ftwater col/1001] DN - -
[mm] &
100 —
] e
50

L1l
S

/T

(10)

%

L1
(79)

6’00

! - \:\ QS/ 9
| i ) Q‘
i ) e &
0.5 i =
7 96 NS
] \ 2 °
- i 95 ¥ o
- L (7,5) T
0.2 04 — S
LA
0.1 AN s
z % L
0.5 - :
7 i
’ i
0.2 : ~/
1 i
- 1
0.01 TT T T TIT S s B e e B e Q
0.5 1 2 5 10 20 50 100 200 5OO[m3/h]

2 5 10 20 50 100 200 500 1000 2000 [gal/min]
T T T O I O O

4 h (includign checking fixed points)

A pumped flow of 9 [m3/h] in a DN 50 pipe produces a flow
velocity of 1.25 [m/s] and, over 100m of pipe, a pressure loss
of Hy = 3.9 [m WC] = 0.39 [bar].

Q =40 [gal/min] generates at DN 50 a flow of v = 4.1 [ft/s] and
a head loss over 100 [ft] pipe Hy = 3.9 [ft watercol.] = 0.11
[bar]

2

fgvz and Q = 51-4-—“\». with & and p being constant.

d
L is f(Re), that in turn depends on d and v.

Ap = A

eyy = 30; eq = 30; straight linescopied (with epy = 70; ey = 65).
copied lines divert from log-scale up to mm ab. Since no refer-
ence points of Hv were available this could not be corrected.

1 USgal = 3.785 dm3; 1 ft = 0.305 m; 1 [gal/min] = 0.2271
[m3/h]
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Example: Q=360 m*/h, DN 200 = v = 3.2 m/s w Loss Hy over 100 m pipe =
4.5 mWS (=0.45 bar)

See diagram on page 34.
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Diagrams in book appendix

appendix-prandtl-colebrook-2.eps
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0.2

0.1

0.5

o

4 h (incl. calculation of fix points)

Q = 360 [m3/h] 6roduces atDN 200 a flow volicity of 2.9 [m/s]
and a pressure loss for 100 [m] pipe of 4.5 [m WS] = 0.45 [bar]

Q = 1585 [gal/min] produces at DN 200 a flow of v = 9.5 [ft/s]
and a head loss over 100 [ft] pipe H,, = 4.5 [ft watercol.] = 0.14
[bar].

eyy = 30; eq = 50; straight lines copied (with epy = 100; e, =
72). The copied lines fit well to the logarithmic scales.
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Example: Fromiable 26 Hy =45 mWSatk=01mm, fork = 0,05, DN 200w
Correction factor f =091, Therefore Hy=4.5- 0.91 mW/S8.,

If possible add some k-values.
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DN k 3
25
100 2.8
1000 2.22
2000 2.12

Constants

2.34
1.9
1.83

Diagrams in book appendix

File appendix-correct-roughness.eps

f

k [mm]
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From previous diagram: H,, =15 [ft water col.] at k=0.1 [mm)].
For k = 0.05 and DN = 7.5 [inch] the correction factor f = 0.9.
Hence the head loss (for 100 ft pipe) Hy, = 4.5 * 0.9 = 4.05 [ft
water col.].

er = 180; epy = 50; Data picked up from old diagram:

1 0.25 0.1 0.05 0.01,v=1 0.01,v=3 0.01, v=7
2.10 1.22 1 0.88 0.82 0.71 0.67
1.84 1.20 1 0.91 0.88 0.78 0.74
1.54 1.19 1 0.92 0.91 0.83 0.78
1.39 1.18 1 0.92 0.91 0.84 0.79

1 USgal = 3.785 dm?3; 1 ft = 0.305 m; 1 [gal/min] = 0.2271
[m3/h]
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Equivalent pipe lengths for various valves and fittings

Model

Remarks

[Sturmayr]

I:-‘ [— Equivalent pipe

GClobe vave \ / Ir?‘ngrh n i
fully open I
Gote valve &lim 10002‘-3000
line) 3/4 closed 41
1 500 2600
- ;{3 n 30031000 Pipe dicmeter din
Globe valve F 3 mm inch
{angle body) — =
fully open E - 500 1 E 40"
=+ 300 . :
— 1 - 200 3

180" EMow —— 4

L]
< &3
Ll

/ Borda ent E
PipeTec,one ¥ I E
side closed 4 ]

Sul:lden transition -

ap 4

BN
Standard elbow or eccentric '\\ i

reducing pipe Tes 1:2

e N
) Ujual outfiow 1 5«
Short radius eibow or eccentric
reducing pipe Tee 3:4 }\ I
SudHen transition s P
@I’@‘ a,tDPI:a ]
d,’DI 12
—d/D 34 3w
Long radius efbow or standard | =ir
pipe Tee J @
L_ |
48" Elbow
=

Example: 3udden change from D =160mmtod=80mm; d/D=1:2
Dotted line = | = 0.88 m (Pressure loss equivalent fo 0.88 m straight
pipe 80 mm diameter)

Presumably valid for pipe roughness 0.02 ... 0.05 mm (new
steel pipe). The old diagram is completely wrong (see red
lines). Nevertheless this wrong diagram is copied and copied

The head loss coefficients can only be found by experiments.
Notion of source is essential.
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Note:

Diagrams in book appendix

appendix-equivalent-fittings.eps
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8.5 h + collection of data (7.5h)

Sudden transition from D = 160 [mm] to d = 80 [mm] = d/D =
0.5. The equivalent pipe length of diameter CN 80 is 1.6 [m].

For sudden transitions the results relate to the smaller diame-
ter (d).

eL/D = 60, aL/D_DN = 66, aL/D_L = 42, e = 2181, €pN = 34.28
L/D-values according to [Crane] and others - harmonised.

2
Fittings: Ap = ng ; pipes: p = Xégv. L= C—g%; according
64

to [Crane]: L_K. f; = friction factor at turbulence. A = e

D f’
Re = ch_i (v = kinematic viscosity). ¢ = f(d, construction etc.) =
¢ = K see sources.

I have put together data from various sources in Data for
“equivalent pipe length” on page 44. The values i used in the



nomogram are part of these (mainly taken from [Crane] which
most likely are based on a roughness of 0.1 mm).

Fitting Specification L/D frurb
angle valve 55 0.02

ball valve 30° closed 307 0.02

elbow 45° std r/D =1 16 0.028
elbow 90° @ r/D =1 20 0.018
elbow 90° r/D =2 12 0.018
elbow 90° r/D =3 12

elbow 90° r/D =4 14

elbow 90° r/D=5 16.5 0.018
elbow 90° r/D=10 30 0.018
elbow 90° r/D =20 50 0.018
elbow 180° (return bend) r/D =1 50 0.017
gate valve 25%open 555 0.028
gate valve 50%open 117 0.018
gate valve 75%open 16.7 0.018
gate valve fully open 5.5 0.018
globe valve fully open 142 0.028
globe valve (angle body) fully open 117 0.018
pipe entrance projecting 0.1d 44 0.018
pipe entrance sharp 25 0.028
pipe exit sharp 50 0.02

sudden transition d=>D d/D =0.1 40 0.02

sudden transition d=>D d/D=0.2 46 0.02

sudden transition d=>D d/D=0.5 28 0.02

sudden transition d=>D d/D=0.8 6.5 0.02

sudden transition D=>d d/D = 0.1 26 0.02

sudden transition D=>d d/D=0.2 26 0.02

sudden transition D=>d d/D=0.5 20 0.02

sudden transition D=>d d/D=0.8 7.5 0.02

tee, std branch flow 60 - 75 0.018
tee, std branch to runs 50

tee, std thrugh flow 20 0.01

a. The L/D values decrease with increasing r/D, starting with r/D = 2.5
they increase again. | can not explain this, but have found this behav-
iour in all sources.
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English

angle valve

ball valve
butterfly valve
check valve

foot valve

gate valve

globe valve

lift check valve
mitred bends, mitred elbows
plug valve

return bend
swing check valve

throttle valve

Diagrams in book appendix

German

eckventil

kugelhahn, kugelventil
drossel-klappe, -ventil, absperrklappe
riickschlag-ventil, -klappe
bodenventil, fussventil, saugkorb-ventil
(absperr-)schieber

durchgangsventil, absperrventil
rickschlag-ventil

geschweisste eckstiicke

kiikenhahn, zapfhahn

U-bogen

rickschlag-klappe

riickschlag-klappe



Data for “equivalent pipe length”

Most data is from [Crane], few from Georg Fischer UK (web).
Values in the shaded areas have been calculated from the

other given data according to 1% = ;S
t
assumed 0.02.The data of [Crane] are based on f; = 0.018.

If f; is not given, I have

Old dia- program [Crane] and others
gram Pressure-
Drop v5

Fitting Specification L/D ¢ L/D K=¢ frurb
angle valve 55 1.1 0.02
angle valve wide open 118 4-6.5 150 5 0.018
ball valve full bore (open) 3 0.06 0.02
ball valve 30° closed 6.15 307 6.153 0.02
ball valve 45° closed 58 3000 603 0.02
ball valve 50° closed 5750 953 0.02
bend 45° 0.48 20 0.40 0.02
bend 90° r/d=1 0.21 20 0.36 0.018
bend 90° r/d=10 30 0.54 0.018
bend 90° r/d =2 0.14 12 0.22 0.018
bend 90° r/d =20 50 0.90 0.018
bend 90° r/d=5 0.1 16.5 0.30 0.018
butterfly valve 43 0.86 0.02
check valve tilting disk 5-15 0.1-0.3 0.02
concentric reducer d=>D d/D=0.9 1.45 0.026 0.018
concentric reducer d=D d/D =0.50 27.8 0.5 0.018
concentric reducer d=D d/D =0.67 15.6 0.28 0.018
concentric reducer D>d d/D =0,9 0.44 0.008 0.018
concentric reducer D=>d d/D =0.50 8.9 0.16 0.018
concentric reducer D=>d d/D =0.67 4.7 0.085 0.018
concentric reducer d=D d/D =0.75 8.9 0.16 0.018
concentric reducer d=D d/D =0.8 5.6 0.13 0.018
concentric reducer D>d d/D =0.75 2.7 0.049 0.018
concentric reducer D=>d d/D =0.8 2.3 0.041 0.018
elbow long R 90° 16 - 20 0.36 0.018
elbow, long radius 90°, R/d =3 21 15

elbow, short radius 90°, R/d =4 26 22

elbow, std 45° 3.2 16 0.42 0.028
elbow, std 90° 30 30 0.9% 0.028
gate valve 25%open 420 22.5 555 8-13 0.028
gate valve 50%o0pen 135 2.06 117 2.1 0.018
gate valve 75%open 36 0.305 16.7 0.3 0.018
gate valve fully open 8.5 5.5 0.1 0.018
globe valve fully open 200 142 4 0.028
globe valve (angle body) fully open 117 117 2.1 0.018
lift check valve 55-600 1.1-12 0.02

44

(%)
|
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Old dia- program [Crane] and others
gram Pressure-
Drop v5

Fitting Specification L/D ¢ L/D K=¢ D
mitred bend 15° 4 0.07 0.018
mitred bend 30° 0.14 0.018
mitred bend 45° 15 0.27 0.018
mitred bend 60° 25 0.45 0.018
mitred bend 90° 60 1.08 0.018
mitred bend 0 2 0.04 0.018
pipe entrance projecting 0.1d 28 3 44 0.8 0.018
pipe entrance rounded 1.5 0.03 0.028
pipe entrance sharp 0.5 18 - 28.5 0.5-0.8% 0.028
pipe exit sharp 18 50 13 0.02
plug valve branch flow 90 1.8 0.02
plug valve straight flow 18 0.32 0.018
plug valve 3 way through flow 30 2.2 0.028
pump foot valve 54 1.5 0.028
pump foot valve hinged disk 75 1.5 0.02
pump foot valve poppet disk 420 8.4 0.02
return bend r=D 62 50 0.85 0.017
sudden transition d=>D d/D =0.1 40 0.98 0.02
sudden transition d=D d/D=0.2 30 46 0.92 0.02
sudden transition d=D d/D=0.5 21 9 28 0.56 0.02
sudden transition d=>D d/D=0.8 20 6.5 0.13 0.02
sudden transition D>d d/D =0.1 26 0.52 0.02
sudden transition D=>d d/D=0.2 16 26 0.52 0.02
sudden transition D>d d/D=0.5 13 0.4 20 0.40 0.02
sudden transition D=>d d/D=0.8 8.5 7.5 0.15 0.02
swing check valve 1.3-2 50-100 0.9 0.018
tee, std branch flow 56 0.7-1.3 60 - 75 1.08 0.018
tee, std branch to runs 58 50 1.5
tee, std through flow 20 0.2 0.01
throttle valve (disk) 30° closed 3.91 195 3.913
throttle valve (disk) 45° closed 21.7 1100 229 0.02
throttle valve (disk) 60° closed 118 immense 1183 0.02
throttle valve (disk) 70° closed 250 immense 250 % 0.02

Note: For the transitions (sudden, gradual) the L/D-values are for the
smaller diameter.
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Example:  Forliquicsv = 108 mP/s (= 1 ¢St at DN 100 v = 3 m/s is Ideal fiow
velocity.
For gasp = I bar of DN 100 ideal fiow velocify is v =12 m/s.

The old diagram is misleading (see new labelling and presen-
tation).

[Sturmayr] Ihaven’t seen such diagrams until now. The curves seem to
indicate the area of turbulence (laminar flow most time is to
slow). The curves may not strictly follow fluid mechanical cri-
teria, but consider some cost functions. Hence the curves may
be very approximate.
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Diagrams in book appendix

appendix-economic-velocity-de.eps;
appendix-economic-velocity-en.eps
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For liquids having a viscosity of v=1 [cSt =1 mm?</s] and a
pipe nominal diameter DN = 150 [mm)] the ideal flow velocity
isv=3.4 [m/s].

For gases at a pressure of 1 [bar] flowing in a pipe of nominal
diameter DN = 150 [mm)], ideal flow velocity is v = 13.5 [m/s].

“Economical” indicates some hidden assumptions. Hence I
can only copy the diagram.

epN = 48; e, = 40; curves copied

1ft=0.305m



Compressibility factor Z

Model

Don’t have the relevant scan anymore. The following has a
completely different range
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Pseudo reduced pressure P,
Figure 9.10 me i from Gas Processors
Associntion, Engineering Boak, wol. 11, Tulsa, O 1994.)

This drawing appears in many books
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Fluidics-Compress-Gas-en.eps
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The reduced temperature T, is the temperature of the gas
divided by its critical temperature. The reduced pressure P, is
the pressure of the gas divided by its critical pressure.

For example N, has a critical temperature of -147 °‘C and a
critical pressure of 34 bar. If the gas temperature and pres-
sure are 38 °C and 13.8 bar, then

- 38+273 _ - 138 _
T = =573 = 246 Pr= == = 0406
The actual behaviour of most gases is accounted for by the
introduction of a compessibilty factor Z. The equation of
state for ideal gases then becomes:
PV=ZnRT
(with R the gas constant, n the molecular weight).

The compressibility factor Z is the ratio of the real gas vol-
ume to the volume occupied by the same mass of an ideal gas
at the same temperature and pressure.

[Piping Calculations Manual By E. Shashi Menon, ISBN
9780071440905]

See also [Cengel] “Comparison of Z factor for various gases”



Other drawings

These are some diagrams I drew for the Flow Handbook.
There are many more in this book drawn by another person.

SIL risk chart

File  guidelines-sil-riskchart.eps

W3|W2|W1|SIL

Drawing time 3.0 h
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Open channel measurement

File

Drawing time

Fluidics-viscosity

File

Drawing time

Measurement error with two phase medium

File

Drawing time

Fluidics-Openchannel.eps
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Measuring principle of the velocity-area method

File  Principles-OPEN-Velocity-area.eps

hi
q = _[vi dh [m?/s]
0

b
Q=g db[ms]
0

Drawing time  12.00




Tools used for the diagrams

On demand of the contractor I used Corel Draw version 8
(although at that time version 10 was current) for the dia-
grams.

The various scales however were not developed in Corel, but
are copies from my own work (see Clip art for diagrams and
nomographs).

These scales had been drawn in FrameMaker and saved as PDF
which allows to handle them in various graphic packages. The
drawing in FM was performed with a special WinBatch script:

1 In an anchored frame insert a short line with the desired
properties (colour, width, type) and leave it selected (that
is as the current object).

2 In the utility AutoGrid specify the necessary parameters to
draw a scale.

3 AutoGrid modifies the properties of the object (coordi-
nates, size) to place the first tic mark.

4 If the ‘end’ condition for the scale is not yet met, a copy of
this object is created and step 3 is repeated.

5 The user then groups the generated tic marks to avoid acci-
dental modification, adds a spine line and labelling.

Appearance of AutoGrid

AutoGrid: insert icmarks or gridlines [D+D0]
0 10.0 ¥l |1 i
1 0.0 L [T

el |1u7 unit[em]  f1o0

Suppress frstic mark for thes cortinustion r

fic-frequency tic=gize [cm) i=dot
|'| I[I 2 r
|5 ||1 F] =
|1n |u 3 C

Funclion creating the marks

|:c = gin {t* sha)

Function parameters a, b, ©

|rh|:|=@lF'1.l'I B0 |h=u 0 |c-|:|.u

Help | Save | Do Cancel |

Coordinates in the frame This figure does not relate to the screen shot above.

A

yo

%0 1=10 t = tMax
- | | | Loror
0 10 20



http://www.daube.ch/docu/fmaker09.html
http://www.daube.ch/docu/fmaker09.html
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