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Industrial Closed-Cycle Gas Turbines for
Conventional and l{uclear fuel
C. KELLER D. SCHMIDT

THE CLOSED CYCLB AND THE TOTAL-ENERGY CONCEPT
Tn menrr mnrJcnn f  hamal nl  rn i :c nn{-  nnl  r r  l -ha

! rqrrvu

rLamndw2rr i  c ovel  e pf  f i  c i  encv and fhe converslon

of heat to mechanicaf work are important but also

the total  energy del ivered in the form of mechani-

cal  work plus useful  heat.  Most c losed air  cycles
cno desi  crerJ e" rr-nwp- p-f l  hpat ino stat iOntt  in ther ruqwfrr6 Jvo

Dower range of  2000 to )0,000 kw (see Table 1 and

Figs. l ,  2,  1) .  Waste heat f rom a gas cycle is

, i l

' l 'I

avai fable at  a much higher and direct ly useful
temperature 1evel  than that f rom steam cycles.
Gas cycles show qui te outstandlng propert ies,  be-

iqg able to work f rom ful l -  load to a very low load
with good ef f ic iency (at  constant fu l1 temperature

before the turbine )  and fol low easi ly the heat and
temperature requirements of  a hot-water dlstr lbu-

t ion network independent of  e lectr ic ef f lc lency.

Tl" ie total  energy del ivered can anount to about 85I
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Table I List of Some Recent Closed-Cycle Gas Turbine Plants



Fig. 1 Model of new "Gelsenkirchen" (cermany) 1?, 250-kw
heat-power CCGT plant under consrruction. Cycle data: Inlet

pressure = g8 kg/sq cm; inlet temperature = ?20 C; Fuel:
blast-furnace gas and oi l ;  Heat production = 1? x 106 kcal

68. lOb Bru/h). In foreground: Precooler and intercoolers for
hot-water production. Recuperator below turbine group

percent of  the total  fuel  calor i f ic  energy content.

Foss11 fuels such as brourr  coal ,  b i tuminous
coal ,  o11, natural  gas,  and furnace gas can be

burned as in a steam boi ler .  Unt i l  now a l imi ta-
t ion of  the upper cycle temperature to about J2O C
has been pract ical ly determj-ned by the creep re-

sistance of  the heater tubes and, in the ease of

heavy fuel  o i1,  a lso by the resistance to corrc-
s ion. I ig.  J shows the layout,  of  a modern conven-

t lonal  J0 Mw CCGT stat ion.  The machlne set is the

same for an oi1,  B?s, or coal- f i red heater.  Plant
cffJniFhev is i4 to i6 nencent r ienendinq on cnol-

/v P"

1ng water.

In c losed-cyc1e plants r" , i th a nuclear reac-
fnr-  :s r i isnussc. i  I r ten in th iq nencr the famnen-

ature can be pushed to a much higher 1eve1, giv ing
n nonsir icretr le or in nnt nr ' l r r  in pf f ie iennrr  hrr f

Also in electr ical  output per uni t  mass f low of

the working medium.

DESTGN OF CLOSED-CYCLE GAS TURBINE

WITH REGARD TO CONSTRUCTTON MATERTALS OF COMPONENTS

fn a smal ler  part  of  the cycle the tempera-

ture leve1 is high enough to make use of  speciaf
steels end r ' l  lovs necessarv.  i  e.  -  : r rsteni t ic

steels and in some cases a11oys on nickel  bases.

The tubes of  the gas heater,  wi th wa11 tem-

peratures ar"ound 750 C, represent the most cost ly

element;  the tubes of  the combust lon (radiat ion)

sect ion are made of  p la in austeni t ic  steel  br  of

austenl t ic  steel  wl th higher cobaft  or  chromium

content.  The mater la l  stress is a.s 1or^ '  as 2 to

2.J kg/sq mm, owing to the sma11 tube diameter
, r  i -  I  L"+ ^ ^^-r : : in nargJn hes to be included\ r  I r r .  I t  PVv a Lcf  ualrr  r . rqrb,rr

for  the more or less pronounced agressiveness of

the combust ion gases. Also heavy fuel  o i1 has

been used successful ly in cont inuous industr ia l

service,  thanlcs to the lnhlbi tor  ef fect  of  dolo-

2

Fig.2 14, 000 Mw turbine at Oberhausen (Germany) shows sim-
pl ici ty of turbine design without regulat ing valves ar machines.
Operation of plant (710 C, 32 kg/ sq cm) has reached 42, 000 hr
by end of 1966. Automatic plant survey from control room in

left  background

mite CaMg (e0.) ,  powder inJected direct ly into the
combust ion chamber.  The cost of  th is addi t ive is
pract lcal ly negl ig ib le.

The I 'hot"  p ipe between the heater and the
turbine is of  double-wa1l-  design. Hot gas f lows
through a th in inner tube of  austeni . t ic  steel  sep-
arated from the outer pressure pipe by an insula-
t ion of  mineral  urool  or  a.high-pressure cold gas
f low.

Owing to the elevated worki4g pressure 1evel ,
the machines are smal l .  Rotor and blades are
forged pieces of  austeni t ic  steel  and 1n some cases
of Nimonic a1Ioy.  No cooled bfades have been used
wrt i l  now; the blade serrat ions of  the f i rst  tur-
bine stage are s l ight ly cooled by the smal1 seal-
ins s2s f l  ot"r  thrnrtoh f  hp l lP Ichrrninfh /anlrr  chnr '+vq6rr  vrrv )L!  tapJ t  r r rv l r  t  v l1r iy d!u{u

1 percent of  the main f low),

The stress problem in turblne blades is i l -
lustrated by Fig. '4 which shows the relat ion be-
tween per ipheral  veloci ty at  the hub, hub rat io,

and blade stress.  In th is diagram the bending
stress due to aerodynamic forces has been added to

the centr i fugal  st iess.  In our c losed-cyc1e gas

turblnes both stresses are of  the same magnitude

at fuI l  load. In the lower part ,  at  r ight ,  stress
curves have been plot ted,  corresponding to 2/3 ot
the r t tntrre sfness The ernonianna nf  mrhrr  \ rarrsvr l rqrrJ J !af  r

of industr ia l  service has shotuyr that  b lades are
safely designed under th is assumption.

SEALING PROBLEMS

Pract ical ly no loss of  working mediun from
the ntrc le intn etmnqnhore 

^^n1rr< 
hai fLoF' in nine

v 
,  

r re !  vr4!  !  r^r  !4 yv

Joints nor through the blow-off  valve.  Even in

the glands, losses can be completely avoided,

using the oi1 seal ing system according to Fig.5,
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Fig, 3 layout of modern 30-Mw closed-cycle power stat ion. Oil- f i red air heater can be replaced by coal-f ired heater

without change of iayout and with approximately the same volume

1 LP compressor

2 HP compressor

3 HP rurbine

4 LP turbine

5 Generator

6 Exciter

7 Start ing motor

8 Bypass and rel ief valve

9 Precooler

10 Regenerator

11 Intercooler

l2 Lubr icat ing oi l  tank

13 Air heater (convection)

14 Air heater (radiat ion)

15 Combustion air preheater

16 Burner

17 Suction fan

18 Fresh-air fan

19 Chimney

20 Oil  cooler

21 Control room

22 Elevator

23 Assembly area

24,25 Machine and assembly shop

2B Compressed-air reservoirs

29 Hot-water reservoirs

30 Gear

' : :

+

in which we see from lef t  to r ight  the fo l lowing

connect ions to or f rom the HP gland:

c A bleed l ine to the LP compressor suct ion.

o A pipe for c leaned seal ing gas with auto-

mat ical ly control led pressure di f ference above the
T D arral! !  vJ Lru

o A gas and oi l  out fet  Fipe to a c l -osed

tank under the cyclels 1ow pressure.

The rotor bear ing is worklng both as a sup-

port ing and seal ing element (oi1 seal) .

Oi l  at  atmospher ic pressure f lowing from the

outer s ide of  the bear ing is pumped back into the

closed tanl<.  fn an atomic plant wi th a hel . iurn

closed cycle,  an addi t ional  a i r  separator is pro-

vided in th is oi l  l ine to get r id of  the air  ab-

sorbed by oi1.

HELTUM -IERSUS AIR AS WORKTNG I\MDTUM

FOR LARGER UN]TS

fn recent yeals developrnent work for  the
nlncorr  nrrnla hcc heen concentrated on the tpo mOSt

promising working media,  i ' .e. ,  a i r  and hel ium.

Table 2 show- a comparison of  some physical  data.

With the help of  : imple refat ions of  thermodynan-
i  n.  r ronrr  nnne I ' rc i \ rp n-actrc: l  r r : lcs can be dfavl f tvLr J vvrr !

fnor these few f iFl l res.

We f i r : t  assurne that the working cycles to

be comnpred for,  : i r "  and for hef iurn must remain

- iFrr  
\  ^F^ ^L^, ,  -  -^-d of f in ianarr  r t  fOf lOWSor"rPr s drru rrrvh a 6vv t r

therefore that  the lower and the upper cycle tem-

ner: t r r res wi l l  be about the same for both cases,

t
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For the same energy loss compared with tur-
bine work we have, therefore,  f rorn

,^-2
: l !  -  ry - 'H. ' It t  5.7 -  

p^." i

Pressurs oil{anl

Cloged or l-bnk

p0mp

Bub falo 8rad. l6hEraturc (oC)

Fig.4 Diagram for evaluadng blade stresses in CCGT

as wef l  as the temperature rat lo of  compressor and
expans i  on,

1 The heat drop being Ai  = AT c* and the
speci f ic  heat of  hel iurn !  t i rnes that oi  a i r ,  the
energy deal t  wi th in the hel ium machines Der Dound
mass f l -ow wi l l  be f ive t imes higher.

c irom

' -  ( l )
'2

where

7I = pressure rat i_o
k = rat io of  speci f ic  heats

a lower expansion rat io for  hel iun than for ai r
resul ts at  a given temperature rat io.

)  According to

-LT, r- l(+)
,2

is considerably smal ler  for
far  an icentrani  o '

- f - ,  expans].on

Schematic of shaft seal for CCGT

B - ,r?,s
with

PL-en
o2

( f  .  ro l" t lvr  prrrrurc lorr)

same temperature Ta and Tl  for
we get

(I:!.) r!:Lr.  k ,H \  k ,A
( r+cr)  .  ( r+f^)

for  fhe q.ha ahaFdr,  l^c^ i  , . i I, . -_-cJ russ compareo urch turbine
work.

Because t  is  smal l  we can put

(?)* ' t  , .  (?)o ' t  a
or

ln t  t
i ;5 ' j r7

Pressure losses are approximately propor-
+i^F^l  +^ +L- r--*^t iC npAqqltna harduv urts uJrtdr-_

t '^9"2
z

Yo
4r
Y.

I

the change of volume

heli .um. For example,
'120 to t9B C,

With air :  The pressure rat io r  amounts to

4.4 and the volume rat io amounts

to 1.
With hel ium: T'he pressure rat io n amounts

to 2.66 and the volume rat io

amounts to 1.8.

4 The energ'y fosses in pipes, di f fusor,  and
bends leads to a diminut j .on of  heat drop in the
I r inhjh6 far a air '6h n^mnpFqqion netr 'nuuMlrs rvr  d 6LvsIr  vvr, .pr

I f  Tf  and pf  a"e the out let  f igures for  the
reduced heat drop, we can put

1

Saatrno Hohum _
resulaiion (pure\lZ! 

I 
t,

" f lo
2.2 co


