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Abstract 
Several processes at the Savannah River Site are modeled using Bechtel's 
Dynamic Analysis Program (DAP) which uses a sequential modular modeling 
architecture. The feasibility of conversion of DAP models to SPEEDUP was 
examined because of the benefits associated with this de facto industry 
standard. The equation-based approach used in SPEEDUP gives accuracy, 
stability, and ease of maintenance. The DAP licenses on our site are for 
single-user PS/2 machines whereas the SPEEDUP product is licensed on a 
VAX minicomputer which provides faster execution and ease of integration 
with existing visualization tools. 

In this paper the basic unit operations of a DAP model that simulates a 
ventilation system are described. The basic operations were modeled with 
both DAP and SPEEDUP, and the two models yield results that are in close 
agreement. 

Since the basic unit operations of the DAP model have been successfully 
duplicated using SPEEDUP, it is feasible to proceed with model conversion. 
DAP subroutines and functions that involve only algebraic manipulation 
may be inserted directly into the SPEEDUP model or their underlying 
equations may be extracted and written as SPEEDUP model equations. A 
problem modeled in SPEEDUP running on a VAX 8810 runs approximately 
fifteen times faster in elapsed time than the same problem modeled with 
DAP on a 33 MHz Intel 80486 processor. 



I. INTRODUCTION 

The Dynamic Analysis Program (DAP)1 produced by Bechtel Inc. is a system 
for dynamic simulation of chemical processes using a unit-based flowsheet 
approach with sequential modular integration. It consists of an object 
library of routines that perform integrations and model commonly used unit 
operations. It contains a command-driven user interface and produces line 
plots of selected simulation variables. Models are specified by writing a 
FORTRAN subroutine that calls the DAP library. DAP runs in the MS-DOS 
and VAX/VMS operating systems. It is not marketed commercially by 
Bechtel and is used at less than 10 installations. 

SPEEDUP2 by AspenTech Inc. is a system for dynamic simulation of chemical 
processes that uses a method of simultaneous solution of a set of algebraic-
differential equations by direct integration. Models are specified using a 
high level language that allows the equations being solved, the flowsheet, 
and initial values to be specified. A vast library of unit operations such as 
feeds, mixers, reactors, and distillation columns are included with SPEEDUP 
and it is integrated with numerous chemical property databases such as 
ASPEN PROPERTIES PLUS and NASA/CET. FORTRAN functions may be 
imbedded within the model specification. SPEEDUP translates the 
specification into FORTRAN which is then executed. There are more than 
1000 users of SPEEDUP at over 300 installations worldwide. 

At the Westinghouse Savannah River Company (WSRC) there are five DAP 
models either in use or under development. A decision was made to 
investigate the conversion of these models to SPEEDUP for the following 
reasons. 

1. Because SPEEDUP solves the entire set of equations using direct 
integration at each time step, it provides easily quantifiable accuracy 
and guaranteed numerical stability. 3 

2. SPEEDUP is easier to maintain as models are succinctly specified in 
the form of equations, initial values, and flowsheet connections as 
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opposed to FORTRAN. Also the report generator and the SPEEDUP 
model database increase programmer productivity. 

3. The DAP licenses at WSRC are for single user machines whereas the 
SPEEDUP package is licensed on a VAXcluster and is therefore 
accessible throughout the site. 

4. Because SPEEDUP executes on the VAX platform it is easy to use its 
external data interface to integrate it with existing visualization 
software to provide animated graphical output. 

5. Problems are executed faster by SPEEDUP on a VAX than by DAP on 
a PS/2. 

6. SPEEDUP is already being used to model processes on site and there 
is an advantage to having uniformity in the modeling tool used across 
the site. 

7. SPEEDUP is a de facto industry standard package for the simulation 
of chemical processes. 

8. SPEEDUP performs all calculations in double precision whereas DAP 
is limited to single precision. 

Before launching into the conversion of a DAP model to SPEEDUP, unit 
operations were isolated and modeled using DAP and SPEEDUP. The results 
were compared to verify that final output and transient curves matched. 
This exercise yielded an assurance of the validity of the SPEEDUP model as 
well as providing insight into the approach to use in the remaining 
conversion work. 

II. THE PROCESS THAT WAS MODELED 

The process examined in this study is a ventilation system. The flowsheet 
consists of supply fans which blow into ducts (streams) which then feed into 
rooms (pressure nodes) and then out to filters, exhaust fans and a stack. 
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The variables of interest are pressure, flow rate, and temperature within the 
streams and nodes. 

A. Pressure Node 

The basic building block of the ventilation model is the pressure node shown 
in Figure 1. 

Wi Wo - •Pa 

Fig. 1. Pressure Node 

In this case, P a is constant atmospheric pressure in psia. WG, the output 
stream mass flow rate in lbm/sec, and P, the node pressure, are calculated 
using equations 1 and 2 where the input stream flow rate, Wi, is specified. 
The constant Ko incorporates the area, hydraulic length, friction factor, and 
stream equivalent diameter for the outlet stream, W0. Ki is the node 
temperature divided by the volume and average molecular weight. 
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Wo = K o V | P - P a | ( P + Pa) (1) 

dP 
dt 

= K i ( W i - W o ) (2) 

Figure 2 shows the node pressure as a function of time as calculated by 
SPEEDUP and DAP for the case of Wi = 6000 lbm/sec with P initialized at 
14.7 psia and W 0 initialized at 0 lbm/sec. The very small difference 
between the two curves (less than 2.8 % ) is attributable to the difference 
between single and double precision arithmetic as well as different 
integration algorithms. 
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Fig. 2. Node Pressure for DAP and Speedup 
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B. Supply Fan 

The next unit operation modeled was a supply fan as shown in Figure 3. 

Wi t 
Pa = constant 

Pi = constant 

Fig. 3. Supply Fan 

The fan behavior is governed by equations 3 - 6 . The flow rate within the 
fan, Wf , is a function of the inlet and outlet pressures, Pi and P 0 . This 
function interpolates a curve supplied by the fan manufacturer and the 
FORTRAN routine was pasted directly into SPEEDUP. Equation 4 is the 
differential equation that describes how fan speed, R, approaches the set 
point KSET. The solution of equation 4 is equation 5 for the initial condition 
R(0)= Ro. Finally, the output flow rate, W 0, is just the product of a constant 
(involving the density at the inlet divided by KSET), the flow rate within the 
fan, and the fan speed. 

6 



Wf = f(Pi,Po) (3) 

— = KSET - R (4) 

dt 

R( t ) = KSET + e ^ 1 * " 1 ^ ( 5 ) 

W0 = K3-Wf-R-Pa (6) 
The fan model was implemented in both SPEEDUP and DAP, and both were 
consistent with the analytical solution. 

C. Fan and Pressure Node Combined 

As a final check, the fan and node models were combined as shown in Figure 
4. 
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Fig. 4. Fan and Pressure Node Combined 

Figure 5 shows the outlet flow rate, W3 , as a function of time using Pi = Pa= 
14.7 psia and KSET = 427 rpm with R=420 and W3=0 initially. Again 
SPEEDUP and DAP give good agreement. 
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Fig. 5. W3 For SPEEDUP and DAP 
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III. PERFORMANCE 

The model for the problem shown in Figure 4 was run with SPEEDUP 
executing on a VAX 8810 and took 11.6 seconds of elapsed time. The same 
problem was executed with DAP on a Northgate Elegance SP433 computer 
with a 33 MHz Intel 80486 processor and a Weitek coprocessor and it took 
170 seconds. In each case there were 150 records stored for the transient. 
One major difference between the two codes is the fact that SPEEDUP used a 
variable time step in its integrations. DAP has a variable time step 
algorithm but it would not converge for this problem so the time step was 
successively divided by 10 until an interval of 0.0001 seconds was found to 
converge. 

IV. CONCLUSION 

Since the basic unit operations of the DAP model have been successfully 
duplicated using SPEEDUP, it is feasible to proceed with model conversion. 
DAP subroutines and functions that involve only algebraic manipulation 
may be inserted directly into the SPEEDUP model, or their underlying 
equations may be extracted and written as SPEEDUP model equations. A 
problem modeled in SPEEDUP running on a VAX 8810 runs approximately 
fifteen times faster than the same problem modeled with DAP on a 33 MHz 
Intel 80486 processor. 
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