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Porsching method

This algorithm, involving the Jacobian (derivative of the system
state matrix), is used originally in the computer code FLASH-4
and subsequently in the OPG code SOPHT, and evolved into
forms used in RETRAN

The strength of Porsching's approach lies in its recognition of
flow as the most important dependent parameter and, hence, its
fully implicit treatment of flow

Based on system state matrix which contains all the system
dynamics in terms of the dependent parameters of mass,
energy and flow. Back substitution finally gives a matrix rate
equation in terms of the system flow (the unknown) and the
system derivatives.

Porsching form is identical to the “Rate” form and is a subset of
the fully implicit back-substituted form and is easily derived from
it

Some codes, but not all use this method



Thermal-hydraulic System Simulation
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Sample Thermal-hydraulic Network
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Fully-implicit back-substituted form (FIBS)
u - fit,u) u=u(M;, H;, W)

n - o At J 0 J 1s the Jacobian of the
system of equations

Aua = At o+ At J Au

[T At J]Au - At f!



FIBS (contd.)
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FIBS (contd.)
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FIBS (contd.)

* The system unknowns to be solved for are AW, AM, AH and AP

« The mass equation is simple and is used to eliminate AM in
terms of AW. Flow is chosen as the prime variable since it is
the main actor in thermal-hydraulic systems.

« The enthalpy equation poses a problem as it is too complex to
permit a simple substitution; Porsching surmounts this by
setting S, = Sy = 0, ie making the solution explicit in specific
enthalpy.
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FIBS (contd.)
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FIBS (contd.)
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FIBS (contd.)
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FIBS (contd.)
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FIBS (contd.)
AH = At TAPY (W' + Sy AW + Sy AT AH - Sy A™ AM + B
AH = At 3 AT (W + Spw AW + Sy AT AH - At Sy A™ AMY oWt - WY Awy + BH
AH = A1 - At Sy A™T AT (W't Sy AW) - At Sppg A™ AMYOW! + Sy AW) + BY)

AP =C, AM + C, AH,

i) C
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FIBS (contd.)

AP = At C; AM (W' + Sy AW) + At o [1- At Sy AT TAMY (W' + Sy AW)
- At Sy AT AMY (W' Sy AW) + B
At AW Ar AT AW + At BT
AP =€) AMY 4 G [ - At Sy AT AR S AL S AFMAMY]
AP = S € AMY + Gy [T - At Sy A™T [Siw A™Y At Spyy Sy A™ AMY]
B" = C; [I - At Sy AM]' B”

AW = At A [P+ At Syp (ATYT W APW2 AW + BP)] + AW TWE+ 2S00 AYY AW] + BY
[1- At(2 Syw AMW + At Syp AYP APV AW

= At A + At Syp AP APV WL BY 4+ AYP [P+ At Sy BY)
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FIBS - Final Set of Equations

AAW=B

.-'\.PWI — {-_-I __I.\M".’r" + {'_2 [I - At S'HH ‘__iHH]-I [__..\IHW _ At SHM __,.\HM ‘:imw]
AP = S € AMY + G, [ - At Sy AP [Syw A™ -At Sy Spew AP AMY]

B = C; [I - At Sy A" BH

[I - At(2 S".’."I.’.' _-"*‘.WW + At S'.'J,'p .-"'twp ‘__iF'".’u'E I] AW

= At | [AYY + At Syp AP APV WL BY + AMP [P+ At Sy BT

AM = At AMY W'+ S, AW]
AH = At { AP (W' + S AW) + Sy AP AH - S AT AM + BY

AP =C, AM + C, AH
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Fully Explicit Scheme (S=0)

__.tF'W.’."I — {-_-l __.tl"ri‘l.'r" 4 {-:.'-'. _-""LHII'J'-

A% =0

B' = (, B

AW = At { AW W+ BY 4 AW pto
AM = At AMW w!

AH = At | AFY W'+ BH

AP = C,; AM + C, AH.
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Semi Implicit Scheme (S, Sy = 0)

__,,“F'WI — '[-.I __il"rﬂlr" + {-_:3 __,,“HW.J.'

APYE = ) AMY 4+, ATV

B = C, BY

[1- At(2 AM¥ + At AV APV AW

= At { [AYW+ At AV A" WL BY + AV [P+ AtBP)
AM = At AMY W'+ AW]

AH = At { APY (W' + AW) + BY

AP = C, AM + C, Al

18



Fully Implicit Scheme

APYE= € AMY 4 C, [T - At AFF]T AR _ Ap AHM AMW]
AP = ) AMY + G, T - At AT LAY O Ap AHM AMW
B =, [I - At AMHT gH

[1- A2 A + At AM AP AW

= At JAYW £ AL AYT APV W BY 4+ AW [P+ At B
AM = At A MY W'+ AW]

AH = At { AP (W' AW) + AP AH - AM™MAM + B ¢

AP =C, AM + C, AH

!
b
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Programming Notes

« System geometry is contained in AMW

—All other matrices are derived from this matrix and
node/link properties

« The fully-implicit method is more complicated than the
semi-implicit method
—it requires the addition and multiplication of more matrices

as well as a matrix inversion, especially when a large
number of nodes is required

—In one case study, for 9 nodes and links, the cost is a 50%
increase in iteration time. But this becomes a 250%
increase as one approaches the 36 node/link case.
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Programming Notes

Usually the matrices contain mostly zeros and, in the case
of a circular loop, may be diagonally dominant in nature
(i.e. non-zero elements occupy one, two or three stripes
through the matrix).

If the multiplication of two large matrices is desired, say
NxN in dimension, the time to carry out the operation (N3
multiplications and N3 additions) can be very significant.
However, it is possible to reduce the number of individual
operations without losing the generality of the method.

Suffice it to say that, in general, the semi-implicit method
has a Courant limit on the maximum time step that can be
taken in order to ensure stability. The fully-implicit
method does not have this limitation.

As the Courant time step limit is determined by the nodal
residence time, the time step limit is dependant on the
node sizes and the flows through the nodes.
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Programming Notes

Usually the matrices contain mostly zeros and, in the case
of a circular loop, may be diagonally dominant in nature
(i.e. non-zero elements occupy one, two or three stripes
through the matrix).

For example, for a 9 node case, the semi-implicit method
required 0.10 seconds per iteration and required 2
iterations to meet the report time of 1.0 seconds. The
fully-implicit method meet the report time in one iteration
which took 0.14 seconds. At 36 nodes however, the semi-
implicit method took 2 x 0.71 seconds while the fully-
implicit method took 2.12 seconds.

Clearly, one method is not superior to the other in all
cases.

Pressure determination involves the use of property
derivatives. To avoid the numerical problems associated
with discontinuities, smooth functions for properties, an
other thermal-hvdraulic correlations miust be i sed



