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ABSTRACT 
This paper describes the features of the Heat 

Recovery Steam Generator used in the Cheng Cycle 
system. In this system, a large quantity of steam is 
injected into a gas turbine to increase electrical power 
output. In addition, the ratio of process steam to 
electrical power can be varied by modulating the fuel 
input to the duct burner located between the s uperheater 
and the evaporator. Major components of the cycle are 
described. Use of an external heat exchanger to improve 
the system efficiency is also discussed. 

INTRODUCTION 

For plants with varying process steam and elect-
rical power requirements the Cheng Cycle [11 is 
being recognized as one of the viable options. In this 
system, a gas turbine exhausts into a HRSG (Heat 
Recovery Steam Generator), which generates high 
temperature superheated steam. This steam is injected 
into the gas turbine and expanded through it to 
increase the electrical power output. Variations in 
process steam requirements are handled by varying 
the fuel input to the duct burner located between the 
superheater and the evaporator, Fig. I. 

The use of steam injection for NOx control is not 
new; however in the Cheng Cycle, superheated steam is 
injected into the gas turbine resulting in significant 
increase in work output. In the cogeneration mode, the 
steam is diverted for process use. A duct burner located 
between the superheater and evaporator handles varying 
process and injection steam needs. This paper describes 
the unique features and special design considerations of 
the HRSG used for Cheng Cycle applicat ions where 
varying electrical and process steam demands have to be 
met. 

A simple cogeneration system typically consists of 
a HRSG located behind a gas turbine. This system is 
efficient when the thermal load is held nearly constant. 
When the thermal load drops below the design point the 
operating economics of the system are penalized [11 
There are two options to meet the reduced thermal load. 
One is to bypass the gas around the 

         HRSG using a diverter valve, which results in a waste 
of energy. The other option is to derate the gas turb ine, 
which is again not favorable especially when the electrical 
rates are high. Depending on the ratio of fuel cost to 
electricity rates, either option could be chosen, both being 
inefficient methods of handling vary ing thermal loads. 
One solution to the problem is to use a steam turbine in the  
system resulting in a combined cycle mode of operation.     
In this, the extraction steam handles the varying process 
steam demand, while the rest of the steam is condensed. 
However this scheme is more costly and complex for small 
sized plants. 
       The Cheng Cycle offers more operating flexibility than 
the simple cycle and greater electrical capacity than the 
combined cycle [11 Basically this system uses three pre -
engineered modular components; a gas turbine, a heat 
recovery steam generator, and system controls for 
coordinating and optimizing the operating parameters. Using 
an Allison 501 gas turbine modified for Cheng Cycle, the 
system can generate up to 6 MWe and 46,000 pph (20870 
kg/h) of low pressure saturated steam. Fig 2 shows the 
operating regimes  in various modes. (unfired and fired 
conditions with and without steam injection.) 
HRSG OPERATING MODES/PERFORMANCE 

           Fig 3 shows the HRSG, which consists of a superhe -
ater located ahead of the duct burner and a two -pass 
evaportor section with an  economizer. 
          The two -pass design is a more compact arrangement 
than a single gas -pass design. The superheater is designed to 
run dry, which can happen when all of the steam is used for 
process and no superheated steam is available for the gas 
turbine. Table I shows the HRSG performance under varying 
operating conditions: 
       A.Unfired, full injection B. Fired, full injection C. 
Fired, no injection D. Unfired, no injection 
I     In addition to these four modes, various ratios of 
process to injection steam flows can be attained by varying 
the fuel input to the burner. The HRSG operates under 
varying steam parameters and this aspect was factored into 
the design. The gas flow and gas analysis  
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(and hence the gas properties and heat transfer coefficients) vary                    
with the mode of operation.The water vapor content for example 
varies from 7 to 27 % by volume and greatly influences the duty,heat 
transfer coefficients ,gas specific heat and temperature profile. Table 2 
compares the gas specific heats in dry and injection modes.
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One of the important aspects in the economizer des -

ign is the check for steaming. When the gas flow thro ugh 
the HRSG increases along with a reduction in inlet 
gas temperature, the duty transferred to the evaporator 
decreases, reducing the steam production. However the 
economizer duty transferring capacity does not decrease 
proportionately, and hence the enthalpy absorbed by the 
water increases, leading to the possibility of steaming in 
the economi zer [2] This should be avoided because of 
operating difficulties. 

The HRSG performance was studied in the various 
modes of operation and an optimum combination of evap -
orator and economizer surface was selected. This design 
maximizes steam production and minimizes possibilities 
of steaming in the economizer. 

PREHEAT-EXCHANGER 

To improve the system efficiency, an external water-to-
water heat exchanger was added to the system as shown in 
Fig 4. This exchanger uses the boiler feed 
water to preheat the make -up  water before it enters the 
deaerator. Cooling of the feed water to the HRSG has 
the advantages of increasing energy absorption from the 
exhaust gases as well as reducing the deaeration steam 
requirements. Table 3 compares the system performance 
with and without the heat exchanger. The stack gas 
temperature decreases by 53F (30 C) when the 
exchanger is added, resulting in additional energy 
recovery of 2.2 MM Btu/h (0.55 Kcal/h). Without the 
exchanger, an additional steam flow of 2000 pph (907 
kg/h) would have been required for deaeration or, the net 
steam produced would have reduced by approximately 
2000 pph (907 kg/h), which is significant. 

SUPERHEATER/EVAPORATOR DESIGN 
CONSIDERATIONS 

The critical component in the system is the super-
heater, which is designed to run dry when all of the steam 
is used for process and there is no injection into the gas 
turbine. The steam temperature ranges from 850F (454 C) 
to 950 F (510 C), which requires review of the materials of 
construction of the superheater. Also, exfoliation of the 
tubes is a concern due to the dry running and frequent dry 
and wet operation of the superheater. Hence the tubes were 
alonized on the in side. 

Steam purity is an important aspect considering 
injection of steam into the gas turbine. A few ppb (parts 
per billion) were suggested by the HRSG user. Hence, a 
combination of internal and external steam separators were 
used to minimize carry over into the superheater and hence 
the gas turbine. Field measure ments of steam purity 
showed that the total dissolved solids in steam was in the 
range of 5 to 10 ppb. Also, due to the wide load swings, a 
large steam drum was selected. 

The evaporator tubes were designed to handle the 
heat flux arising out of high gas side heat transfer 
coefficients, particularly due to the high water vapor 
content. A combination of bare and finned evaporator 
tubes with varying fin configurations were used along the 
gas path to limit the fin metal temperatures. 
AUXILLARIES  

Coen Company engineered and supplied the duct 
burn er system.  Considering the high water vapor content 
in the exhaust gas along with a low oxygen content (due to 
steam injection), an augmenting air fan was included to 
stabilize the combustion process. The augmenting air 
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flow is in the range of 30 to 40% of the s tochiometric air 
requirement. 

The deaerator is located above the duct work con -
necting the burner and the evaporator. Due to the low 
NPSH available careful selection was made of the piping 
arrangement from the deaerator to the HRSG. 

The preheat exchanger was selected considering the 
layout limitations and performance requirements, which 
involved temperature cross conditions in some modes of 
operation. 

CONCLUSION 

HRSGs for Cheng Cycle are in operation in several 
locations. In addition to increasing power output, the 
injection of steam in the gas turbine decreases the NOx 
emissions. Performance testing of the SRI (Stanford 
Research Institute) unit was done during the first week 
of April 87 in all of the modes (unfired, fired, dry, 
injection) and the unit was declared as having performed 
satisfactorily. 

HRSGs for Cheng Cycle differ in some aspects 
from simple cycle HRSGs. Careful analysis and 
understanding of the HRSG performance in all of the 
modes were the key aspects to the success of this 
project. 
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TABLE l: HRSG PERFORMANCE IN VARIOUS MODES 

  A B C D 

1. Gas Inlet Temp., F (C) 948(509) 948(509) 1031(555) 1031(555) 

2. Gas temp to burner, F (C) 833(445) 833(445) 1031(445) 1031(555) 

3. Gas temp to Evap., F (C) 833(445) 1553(845) 1550(843) 1031(555) 

4. Gas temp to Eco, F (C) 422(217) 443(228) 430(221) 421(216) 

5. Stack Gas Temp. F (C) 269(132) 217(103) 198(92) 226(108) 

6. Tot. Steam, pph (kg/h) 21000(9528) 61000(27610) 46000(20870) 23700(10753) 

7. Steam Press., Psig (kpag) ------------265(1826)--------------------------- 

8. Superhtd. Steam, pph (kg/h) 19900(9029) 19800(8924) --------- -------- 

9. Steam Temp., F (C) 855(457) 855(457) --------- ---------- 

10. Water temp to Eco, F (C) 119(48) 146(63) 139(59) 124(51) 

11. Gas Pr. Drop, in WC(mm wc) 6.9(175.3) 8.7(221) 6.3(160) 5.4(137.1) 

Case A: Unfired, injection; B:Fired, injection; C: Fired,dry; D: Unfired,dry 
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TABLE 2: GAS SPECIFIC HEATS IN DRY AND INJECTION MODES              

Gas Analysis, % Vol.          Dry    injection 
 
 
C02 2.9  2.7 

H2O 7.1  25.1 

N2 76.0  61.0 

02 14.0  11.2  

2. Gas Specific Heat 
 
BTU/LB F (Kcal/kg C) 

At 900 F (483 C) 0.274 0.305 

At 400 F (205 C) 0.259 0.286 

     TABLE 3: CASE A PERFORMANCE WITH AND WITHOUT PREHEAT EXCHANGER  

                                           WITH HX WITHOUT HX 
 
I. Feed Water Temp., F (C) 119(48) 228(109) 

2. Stack Gas Temp., F (C) 269(132) 322(161) 

3. Additional Energy Recovered    2.2(0.55) 

  (MM Btu/h (MM Kcal/h) 

4. Total Steam Flow, pph (kg/h) 21000(9528)  21200(9618) 

5. Steam for Deaeration 
pph (kg/h) 1100(499) 31000406) 


