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C ogeneration systems using 

gas turbines and heat -recovery steam 
generators (HRSGs) are widely used in 
chemical pro cess industries (CPI) 
plants. Because these plants are quite 
expensive and the HRSG is an 
important part of the system, it is 
prudent to analyze the heat -recovery 
system or simulate its performance 
well in advance of finaliz ing plant 
specifications. Simulation is a method 
of predicting the performance of the 
HRSG under different operating modes 
and gas and steam conditions without 
physically des igning the equipment. 

Such a study will provide the engi-
neer with valuable information about 
the HRSG and its performance 
capabilities. The simulation results 
could influence the choice of steam 
system parameters and the selection of 
the steam or gas turbine. In addition, 
one may also obtain information about 
the performance of the HRSG and the 
cogeneration system.  

This article explains what HRSG 
simulation is and the basic 
methodology. Its applications are then 
illustrated through several examples. 

What is HRSG simulation? 

It is not necessary to design an 
HRSG in terms of surface area, tube 
size, fin configuration, and so on in 
order to evaluate its performance under 
different gas and steam conditions. 

HRSG designers arrive at the 
geometry of the HRSG by computing 
the overall 

heat-transfer coefficient U and then 
the surface area S from the equation 

S=Q/U∆T 

The simulation process does not 
require the computation of U, which 
requires information on tube size, pitch, 
geometry, fin configuration, length, and 
so on. In simulation analysis, the term US 
= Q/∆T  is computed for each surface and 
used in the prediction of off-design per-
formance. The HRSG's mechanical 
details are not important at this stage. 

Thus, engineers can use the simulation 
methodology to obtain valuable informa-
tion about the thermal performance of the 
HRSG before developing its specifica-
tions or committing to a particular design 
or supplier. 

Two limitations apply to the simula -
tion technique discussed here: 

• The HRSG should be of the convec-
tive type. Nearly 85%-95% of the HRSGs 
for gas turbines fall into this category. 

• The gas and the steam sides should 
be clean. Gas turbine exhaust, even with 
oil firing, may be considered clean com-
pared to municipal solid waste or similar 
applications. 

Why simulate? 

One might wonder why simulation 
is necessary when the HRSG supplier 
can provide information on the thermal 
performance of the HRSG. The 
supplier may not have the time to 
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design performance of a boiler 
evaporator, such as the unit in 
Figure 1. 

1. Given the gas flow Wg, 
inlet gas temperature T91 and 
steam pressure, let us assume 
that the evaporator has been 
designed to cool the gases to a 
temperature Tg2 and thus trans-
fer a duty Q .  The relationship 
among the variables (neglect ing 
heat losses for the sake of  

simplicity) can be described by the 
following equation, which we call the 
design case: 
Q = (US)d ∆T= Wg Cp (Tg1 -Tg2)  
= Ws ∆H  (1) 
 The steam flow W s is obtained by 
computing the enthalpy added to steam, 
∆H ,  and solving Eq. 1. We now have all 
of the process information about the 
evaporator except the surface area or the 
geometry. 
One of the objectives of the simu lation 
process is to see how the above 
evaporator performs under different 
conditions of gas flow, temperature, and 
steam conditions. This is outlined below. 
2. From Eq. 1, compute the term  
(US)d =  Q /∆T  (2)  
Under the new conditions of gas  
flow and temperature, the heat-transfer 
coefficient will be different. This is 
accounted for by correcting the term 
(US)d for the new conditions as follows: 
 
(US)p = (US)d(Wgp/Wg)0.65F(t)   (3) 
where Wgp is the gas flow under the new 
performance conditions and F(t) corrects 
for the different gas temperature in the 
off-design mode [1]. The gas -side heat 
transfer governs the overall heat -transfer 
coefficient; hence, the design heat-trans-
fer coefficient may be corrected for the 
off-design case by using the fac tor 
(Wgp/Wg)0.65 as shown in Eq. 2. [A 
convective HRSG has been assumed 

early stages of a study or 
development of a cogeneration 
project, particularly if the steam 
system has multiple pressure 
levels and is complex. The 
engineer who is more familiar 
with the plant requirements can 
perform the simula tion and 
conduct several "What if" studies 
to arrive at firmer data on steam 
parameters and pressure  
levels and to optimize the 
gas/steam temperature profiles 
based on the gas turbines being 
considered. Such a study may also 
eliminate certain gas or steam 
turbines from consideration due to 
incompatibilities between actual 
and required steam parameters. The 
HRSG designer also benefits by 
having fewer options to work on. 
And, since the plant owner will 
know what to expect in terms of 
steam-side performance, less time 
is spent on evaluating or second-
guessing the HRSG design. 
Some specific applications of 
HRSG simulation are as follows: 
• The exhaust gas flow rate, tem-
perature, and gas analysis of a gas 
turbine vary with ambient 
conditions, load, fuel used, and 
NOx control requirements. Using 
simulation analysis, one can see 
how a given HRSG behaves when 
gas-side or steam-side parameters 
such as steam pressure, feed water 
temperature, or steam temperature 
change. 
• Energy recovery can be optimized 
by placing appropriate heat recovery 
surfaces one behind the other or by 
relocating heat -transfer surfaces, 
particularly in multiple pressure 
HRSGs, such that the gas and steam 
temperature profiles are closely 
matched. One may also consider 
adding secondary recovery sur-
faces, such as condensate heaters, 
deaerators, or fluid heaters, to 
maxi mize energy recovery. 
Simulation helps in analyzing 
gas/steam temperature profiles in 
order to optimize energy recovery. 
• Plant engineers may use simula -
tion to predict the performance of 

their existing units and study the 
effects of variations in steam 
and gas parameters. Such a 
study can also pre dict fouling of 
heat-transfer surfaces. If the 
actual duty or energy transferred 
is less than what is  simulated 
under clean conditions, then one 
can infer that fouling has 
occurred. 

The simulation methodology 
The entire theory and procedure 
for performing simulation analysis 
for a complex HRSG is outlined 
in (1). Here we will briefly 
describe the procedure for 
simulating the design and off 
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in which the gas-side heat-transfer 
coefficient and hence the overall heat-
transfer coefficient is proportional to 
the gas flow raised to the power of 
0.65. [2]. 

4. The new duty is  
Qp = (US)p∆T=WgpCp (Tglp- Tg2p)(4)  

Equation 4 can easily be solved by 
assuming the exit gas temperature Tg2p 
computing  ∆T , and then calculating Qp. 
One or two iterations may be required. 
Steam flow is obtained by simply dividing 
Qp  by AH. Thus, we can arrive at the new 
gas exit temperature, steam generation, 
and heat transfer duty without computing 
the surface area S per se. 

In other words, we have simulated 
the off-design performance of a boiler. 
The complete simulation procedure is 
quite involved and requires several 
trial-and-error calculations and 
iterations, particularly for multi-
pressure, complex HRSGs with auxil-
iary firing. In such cases, commercial 
software developed for this purpose 
(such as (3)) may be used. [For infor-
mation on general simulation packages 
and heat-transfer software, see CEP's 
Software Directory, the next issue of 
which is scheduled to be published in 
December. – Editor or contact the 
author.] 

Examples  

Example 1. An engineer is developing 
specifications for a process plant and is 
considering three gas turbines 
(designated GT1, GT2, and GT3). The 
major gas/steam data are shown in 
Table l. The HRSG operates in unfired 
and fired modes. Simulate the design 
with 15°F pinch and approach points; 
obtain the firing temperature and fuel 
consumption required to generate 
40,000 lb/h of saturated steam in the 
off-design mode using natural gas 
containing 95% methane and 5% ethane. 

The HRSG consists of an evapora tor 
and economizer. "Pinch point" in this 
case refers to the difference between the 
temperature of the gas leaving the 
evaporator and the steam 
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saturation temperature; "approach 
point" refers to the difference 
between the saturation tempera ture 
and feed water temperature entering 
the evaporator. (Reference 1 
provides for more information on 
the selection of these values and 
their influence on HRSG size.) 

Using a simulation program, the 
design and off-design performances 
for the three machines were 
evaluated. The results are 
summarized in Table 2. 

It can be seen that GT2 gen-
erates more steam than GT1 in the 
unfired mode (27,300 lb/h vs. 
25,450 lb/h). GT3 requires the least 
fuel (11.76 MM Btu/h) to generate 
40,000 lb/h steam. The HRSG for 
GT3 will be larg er and, hence, 
slightly more expensive than the 
HRSG for GT2. If fuel costs are not 
high, then GT2 may be a better 
choice if the other aspects, such as 
electrical power from the turbines 
and the cost of the turbines, are 
favorable. The purpose of 
simulation is only to see how a 
HRSG would perform and what 
range of steam-side performance 
one can expect. 

Example 2. While developing 
specifications for the HRSG, 
engineers often assume that 
incorporating large surface areas can 
lower the exit gas tempera ture to any 
desired level. This may not always be 
thermodynamically feasible, as this 
example illustrates. 

Consider the case where 150,000 
lb/h of turbine exhaust gases at 900°F 
generate superheated steam at 450 
psig and 650°F with feed water at 
240°F. Is a 300°F exit gas 
temperature feasible for this single -
pressure system? 

Through simulation, the gas and 
steam temperatures were obtained 
using a 20°F pinch and a 10°F 
approach, as shown in Figure 2. It 
can be seen that the exit gas 
temperature is 372°F, nowhere near 
300°F. Even 

One need not physically 
design an HRSG in order to 
obtain information about its 

performance. 

with a pinch and an approach of 0 
(which, of course, is physically not 
possible as it would require infinite 
surface area), the exit gas temperature 
can be lowered to only 342°F. To lower 
the temperature to 300°F, secondary 

 heat recovery or a multiplepressure 
HRSG is required. Engineers often 
compute steam generation based on a 
certain exit gas temperature without 
checking to see if it is even 
thermodynamically feasible. Simulation 
can help them in analyzing the gas and 
steam temperature profiles and make 
sensible demands on HRSG 
performance, thus saving valuable time 
when interacting with HRSG suppliers. 

Example 3 . It was mentioned earlier 
that temperature profiles could be 
maximized by relocating heat-transfer 
surfaces. This example shows how this 
is done for a multiple -pressure HRSG. 
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A dual-pressure gas turbine HRSG 

is to be simulated using the data shown 
in Table 3. The high-pressure (HP) 
steam flow required is 31,500 lb/h and 
the low-pressure (LP) steam is to be 
maximized. 

Figure 3a shows an HRSG configu-
ration consisting of a HP superheater, 
evaporator, and economizer followed by 
a LP evaporator and economizer. This 
design will get the job done, but it does 
not maximize the energy recovery. 

Figure 3b shows another configu-
ration, which generates the same HP 
steam but more LP steam. This is 
achieved by relocating the economiz-
er, thus making the heat sink behind 
the LP evaporator larger. The exit gas 
temperature is now lower. Note that 
this system has four modules, while 
the system in Figure 3a has five 
modules. 

Table 3 shows the data and the 
results. Figure 4 shows the gas and 

 
steam temperature profiles obtained 
after performing the simulation. 

In summary 

HRSG simulation is a valuable tool 
and has several applications. One 
need not physically design an 
HRSG in order to obtain 
information about its performance. 
Such analysis can help consul-
tants, plant engineers, and HRSG 
designers to learn more about the 
HRSG and the steam system and, 
hence, arrive at optimum HRSG 
configurations. ISO 
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