


Urban District Heating

Process industry
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Primary calculation variables:
Discharge Q [m3s]
Head H [m

Derived variables:

Pressure P [Pa]
Velocity V [m/s]

Deltares



Primary calculation variables:

Mass flow rate
Stagnation pressure
Temperature (new)

Derived variables:

Density
Head
Discharge
Velocity

m  [ka/s]

T [cl

[kg/m3]

[M3/s]
[m/s]

<OID

Deltares



Primary calculation variables:

Mass flow rate @ [kg/s]
Stagnation pressure [Pa]

Temperature (new) T [°C]

m = pQ p=pg(H -2) Derived variables:
Density P [kg/m3]
Head H [m]
Discharge Q [m3/s]
Velocity V [m/s]

Deltares



m=pQ  p=pg(H-2)

Mass conservation;

m, —m, =0

Comparison with QH:

Q-Q,=0

Primary calculation variables:

Mass flow rate
Stagnation pressure
Temperature (new)

Derived variables:

Density
Head
Discharge
Velocity

[kg/s]
[Pa]

T [°C]

P [kg/m3]
H [m]

Q [m3/s]
V [m/s]

Deltares



m=pQ p=pg(H-2)

Relation pressure en mass flow rate:

& |
pl_ p2 = 2p A2
Comparison with QH:
QQ
1 —h, ~£. 010
20 A

Primary calculation variables:

Mass flow rate
Stagnation pressure
Temperature (new)

Derived variables:

Density
Head
Discharge
Velocity

M [kg/s]

@ [Pa]
(T) rcl

[kg/m3]
[m]
[M3/s]
[m/s]

<OIT

Deltares



1) Heat by mass flow

2) Heat generated by friction

3) Heat loss to surroundings

Primary calculation variables:
Mass flow rate M  [kg/s]

Stagnation pressure P [Pa]
Temperature (new) @ [°C]

Derived variables:

Density P [kg/m3]
Head H [m]
Discharge Q [m3/s]
Velocity V [m/s]

Deltares



1) Heat by mass flow

Qinput = mC(rl _TZ)

c: specific heat [J/kg K]

2) Heat generated by friction
Quen = MgAH

3) Heat loss to surroundings
Qloss = hW A\exposed (T _Tomg)

h,: heat transfer coefficient [W/m? K]

Primary calculation variables:

Mass flow rate
Stagnation pressure
Temperature (new)

Derived variables:

Density
Head
Discharge
Velocity

m
P

s,
H

Q
V

[kg/s]
[Pa]
[°C]

[kg/m3]
[m]
[M3/s]
[m/s]

Deltares



Relation temperature and

mass flow rate:

T, = f (T, T, f.D, L1, C p)

Primary calculation variables:
Mass flow rate M  [kg/s]

Stagnation pressure P [Pa]
Temperature (new) @ [°C]

Derived variables:

Density P [kg/m3]
Head H [m]
Discharge Q [m3/s]
Velocity V [m/s]

Deltares






Example 1: heat loss pipelines
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Example 1: heat loss pipelines: inputs
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Pl

Bl

p: 5 (barg)
T:10 (°C)

P1

D: 300 (mm)
l: 51236.1 (M)
tc: 2 ()

at: 40 (°C)

Deltares
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Mass flow rate (kg/s)
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X-distance (m)

Labels
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Pressure (barg)
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Density (kg/m3)

Temperature (°C)
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Discharge (m3/h)
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—— Discharge 0.0s
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Head (m)

P
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120000
X-distance (m)

— Labels
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— Head 0.0s

180000

200000 220000 240000
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——

MT P3
¢+ B3 D: 100 (mm) PT
W: 5 (ka/ [: 100 (m) l
T 10((0%;) Hel tc: 20 () B2
: = o p: O (barg)
= T: 10 (°C)
oy orje— ——
P4
D: 100 (mm)
. l: 10 (m)
o e exje R tc: 3 ()
H2 P1 P2
QS: 2000 (kw) D: 100 (mm) V1 D: 70.71 (mm)
I: 1000 (m) |: 100 (m)
tc:5() tc: 10 ()

at: 10 (°C)

Deltares



MT
@ B3
W: 5 (kg/s)
T: 10 (°C)

/®

o —/f o
H2
T 1: 9.986 (°C)
T 2: 105 (°C)

P1

W: 5 (kg/s)

H1

W 1: 3.586 (kg/s)
T 1. 98.22 (°C)

T 2: 73.08 (°C)

P3
W: 3.586 (kg/s)

)

o —b> f6e———————eof eble—

)

%

P2

P
o] BZ
W: -5 (kg/s)
T:77.53 (°C)
P4
W: 5 (kg/s)
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Temperature (°C)

Temperature (°C)

PIPELQHT P3

' 10 20 30 40 50 60 70 80 90 o '100
X-distance (m)

Labels —e— Temperature min ~ —e— Temperature max Temperature 0.000s
PIPELQHT P2
98
97
96
95/
L T T Y T T T Y T T T Y T T T Y T T T Y T T T Y T T T Y T T L T T T Y T T T Y
10 20 30 40 50 60 70 80 90 100

X-distance (m)

Labels —o— Temperature min  —¢— Temperature max

Temperature 0.000s
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C)

o

Temperature (

77,565

PIPELQHT P4

77.56°
77.555°
77.55]
77.5457
77.54]
77.535]

77.53]

Labels

3 4

—e— Temperature min

5 6
X-distance (m)

—e— Temperature max

8 9 10

Temperature 0.000s

Deltares



MT
@ BB
W: 5 (kg/s)
T:10 (°C)

/®

> —p @
A

H2
T 1: 9.986 (°C)
T 2: 105 (°C)

P1

H1
W 1: 3.586 (kg/s)

T 1: 98.22 (°C) —e—
T 2: 73.08 (°C) P3 i
=== o5 W: -5 (kg/s)
~ T: 77.53 (°C)
ol ote
P4
W: 5 (kg/s)

= —

P2

W: 5 (ka/s) V1 W: 1.414 (kg/s)

Deltares



MT
® BB
W: 5 (kg/s)
T:10 (°C)

/@

o ——b O
A~

H2
T 1: 9.986 (°C)
T 2: 105 (°C)

P1

W: 5 (kg/s)

¥

H1
W 1: 3.586 (kg/s)

T 1: 98.22 (°C) e |
T 2: 73.08 (°C) P3 o1
o=l sreme W: -5 (kg/s)
= T: 77.53 (°C)
of obte——
P4
W: 5 (kg/s)

X

P2
V1 W: 1.414 (kg/s)
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Valve position (open) (%)
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re 2 (barg)
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— Ressure 1 VALVEV1

quuU j

T “\

— Rressue 2 VALVEV1
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Wanda 4 Heat versus Wanda 4 Liquid

Temperatures in system & heat transfer

Unsteady: water hammer effects
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