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It is known that the thermal efficiency of a steam cir-
cuit between a steam generator and a steam turbine can
be substantially increased if the average témperatiire of
the energy conversion is kept as hrgh as possible. For
this reason isothermal expansion is aimed at a temper-
ature which is equal to the highest temperature arising in
the circuit. It can be approximated by multiple interme-
diate superheating durmg the expansion, as represented
by a sawtooth curve in the entropy-total heat diagram.
Technically, however, a repeated return of the steam
from the turbine to the boiler and from the latter back
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to the turbine would cause so-high a’ pressure loss in the

steam that a large part of ‘the thermal gain would be lost.
Also the plant would be made much more expensive and
its construction would be so complicated and so-difficult

to supervise that its operation would be rnade much more:

difficult.

Furthermore, a high starting pressure is also pecessary
for multiple intermediate superheating. If now the steam
is superheated to the final temperature in the boiler diffi-
culties are met with in the last part of the superheater
and in the pipeline from the superheater. to the turbine
because. these are at the same time exposed.to high pres-
sure and temperature stresses. In addition, in the case of
superheaters heated by flue gases difficulties arise due to
the high temperatare of the flue | gases which lead to high

temperature stresses in the tube walls, while the great.

wall thicknesses which the additional temperature stresses
require. may lead to .non-uniform hea‘tmg‘of the heat
transfer surfaces.. For these reasons, in .order to achieve
adequate cooling of the superheater tubes high . steam
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speeds are necessary which in turn .again result m dis-:.

advantageous mcreased pressure losses.

To overcome the first menfioned disadvantage it has
already been:proposed:to:effect the intermediate super-
heating not in-the’ steam génerator itself but in a heat
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carrier which is' brought to a high temperatare in the: -

steam -generator;and which transfers the heat to the steam
in the intermediate stages, the intermediae superheater
bemg mounted near the: turbine.

"According - to the invention, the-advantages above set
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out of isotherinal:expansion in as finely divided as.pos-. "

sible-a' sequence - of ‘stages aré ensured by using forall
the superheating steps divisional currents of heat carrier
working: in parallel, which : carrier ‘is used also for ‘heat-
ing the steam to the turbine entry temperatire immedi-

ately before it-enters the turbine. A heat carrier isuséd of:.

which the boiling point - at:normal pressure: 1s above its
highest operating- temperatl.re )

Such fluid heat carriers:are in:themselves known To
“increase-the heat transfer, they are ‘circulated: by.a pump

transfer.”

from' the steam generator to the turbine. c

.heated by flue gases“for takmg the, steam up to 1ts maxr-
) mum temperature

2

the pressure losses low and also have no chemical affinity
for steel ‘at the temperatures arising, of whlch material
the heating surfaces, pipelines, intermediate superheaters
and circulating pump consists. Also they must not react
with water, as contact between the heat carrier and water
can’ easily ‘occur where there are leakages or. Where
damage occurs.

Molten metals such as lead or a lead bismuth or. lead
magnesrum ‘alloy have been found’ best as, such heat car-
riers, biif ‘molten salts can also. be- used. The pressure
losses in thé’ circuit which have t0.be. prov1ded by .the
crrculatmg pump can be kept very low, as. with- hqu1ds
only relatively low speeds are necessary.in. order. with
good heat conductlvlty to .attain d high- ﬁgure of. heat
"For this reason and on . account of, the small
volume of the liquid, the. energy. requlrements of the

_pump are. substantra]ly smaller than .the saving .in rela-

tion to the energy loss involved with multrple intermedi-
ate. superheatmg with ‘direct heatmg Also 'on-the: steam
side ‘the pressure. losses in: the 1ntermed1ate superheaters
heated by the heat carrier can be kept Tow; because-on
account of the good heat transfer; the. heatmg surfaces can

‘be ‘rélatively small” and . the’ mtermedlate sunerheaters

can be’ arranged close. to the. turbine.
" With such an’ arrangement of the steam circuit the

carrred up 1o the turbme entry temperature but only to
a temperature whlch lies below the lowest temperature. of

“the heat ' carner This, again, is determined by. the tem-

perature rise’in the 1n,termed1ate superheatmg In  this

.waya consrderable separatton of the highest pressure

stresses and th_e hlghest tempe ture stresses

_spite of, hrgh pressure: this .can be resisted wit heatrng
_surfaces.

and pipglines of. Tow. a]loy materral w1th moder-
ate’ wall “thicknesses, while at the, hlgh temperatures to
which the heat catrier ‘st be raised there is.practically

-no raised’ pressure, so that here, also_the wall, thicknesses

can be kept small, temperature stresses in; the heated tu,bes
can be avoided and also. thse. plpehne for the ‘heat carrier
be con-
structed. with relatrvely thin walls.. Wall temperatures
of the ﬁnal ‘heating surfaces. for the ‘heat carrier are, then,
it is. true, hrgher by a. certarn amount than the hrghest

certain, amount hlgher ‘thafi.. the - hlghest steam temper-
ature takmg part in the productron of power, but.in;spite
of th1s owing. to the separatron of the locatron of pres-
sure and ‘temp ; i
maximum, wall

is | brought to. the full, superheat temperatu.re
C.). drrectly before ‘the. first guide blade. rlng

The ste:
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'of the turbme by a superheater heated by a heat carrier.
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‘and:as: well as-having a low Vapour pressure they have: -

a melting point which is:low: enough fo ensure that they
still remain.fluid:at the lowest temperature ‘occurring in
the circuit: Further, they have as. good as possible-a ‘heat
conductivity in: order to achieve: ‘high' values of: heat

transfer, a not too-high specific’ weight in order to-kKéep:

70

For ﬂllS reason, agam the wall thrck-
ness. and therefore the temperature stresses. can be kept
low

As ‘all: the: intermediate superheaters accordmg to the
invention: are arranged in parallel between.the pipeline
for the hot-heat. carrier: and ‘the ‘return pipeline for. the
cooled heat carrier, so that ‘€ach 1ntermed1ate superheater

no rlsk of depos1ts

is -traversed by a- drvrsronal current ‘of“the” h
‘only asingle: prpehne foi the Hot heat ‘carrier ‘and ‘a smgle
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return pipeline for the cooled heat carrier is necessary.
If the intermediate superheaters are traversed by the steam
and the heat carrier in countercurrent, it is then possible
to superheat the steam each time to the inlet steam tem-
perature.. Countercurrent flow can be obtained by pro-
viding a steam-carrying pipe with a concentric pipe about
it 'and leading the heat carrier in the intermediate space
in. the opposite direction to the steam or by letting the
heat carrier flow in a cross direction over the steam-
carrying pipes but directing it by walls in such a way that
overall the heat transfer takes place in countercurrent.

In order to keep the pressure loss on the steam side as
low as possible the steam carrying pipes are made straight
and the exit speed of the steam from the last row of rotor
blades before each intermediate superheating stage is
transformed with as little loss as possible into pressure
by suitably shaped guide blades. In this way the speed
is reduced to the value necessary for the transfer of heat.
These guide blades at the same time take care of the
distribution of the steam between the individual tubes of
the intermediate superheater., The supply of the heat
carrier is effected as uniformly as possible over the whole
periphery of the turbine in spirals, and the outflow of the
heat carrier can take place in a similar manner at the
outer periphery.

‘Further, from a particular value of steam pressure on,
no further intermediate superheating is effected. At
higher pressures, on the steam side the value of heat
transfer is so high on account of the great density of the
steam that only relatively small heating surfaces, that is,
short tubes, are needed in order to transfer the heat neces-
sary for the intermediate superheating, so that only small
pressure loss is suffered. The stated steam pressure is

" chosen either so that during the expansion from this pres-
sure down to the condenser pressure the saturated steam
curve is reached or even downwardly crossed or so many
intermediate superheating stages are provided that the
exhaust steam of the turbine only has a certain degree of
superheat. :

‘The above mentioned temperature at which the steam
leaves the steam generator can be substantially lower
than the lower temperature limit of the intermediate
superheater stages. Heating from the exit temperature
from the steam generator up to the lower temperature of
the intermediate superheating stages can be effected in
this case in two ways. One possibility is to carry the
whole return flow of the cooled heat carrier from the
intermediate superheaters to the first superheater at a
place at which the superheater heated by the heat carrier
has the same femperature as the subdivided current of
the heat carrier, and making this superheater such. a size
that the collected total return flow of the heat carrier
heats the steam from the exit temperature of the steam
generator at which it enters the steam pipeline leading to

-the turbine up to the lower temperature of the inter-
mediate superheaters. The other possibility is that with
intermediate superheating effected at so low a pressure
that the sttam at condenser pressure is still superheated,
the superheat of the steam leaving the turbine is used to
heat the live steam and the rest of the heating up, up to
the lower temperature of the intermediate superheating
stages, is effected by the total return flow of the heat
carrier. The remainder of the superheat in the exhaust
steam is taken up in a water preheater traversed by the
whole or part of the feed water.

‘The steam generator necessary for supplying the steam
circuit according to the invention is a heat transferring
device which consists only in part of water or steam
cooled heating surfaces and in part of about the same size
of heating surfaces which are cooled by the liquid heat
carrier. The rest of the heat transferring surfaces in the
steam genérator. is taken by an air preheater for an air
temperature of at least 400° C. In order not to make
the heating surfaces of the air preheater too large, a two-
part construction of the air preheater is advisable between
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the parts in which a small water preheater is incorporated.
Particularly with high pressures, the residual evaporating
and superheating heat only suffices for a part of the heat
take-up in the combustion chamber. The rest of the heat-
ing surfaces of the combustion chamber is formed by
heating surfaces over which the heat carrier flows and by
the contact and radiation heating surafces between the
combustion chamber and the air preheater.

It is known that the heating surfaces of steam genera-
tors and therefore similarly as regards the heating sur-
faces used in the invention for heating of the heat carrier,
can be considerably reduced if pulsating combustion is
used.

As pulsating combustion takes a very short time, as is
in itself known, very high combustion temperatures are
reached with small burner volumes but it requires an
intensive cooling of the burner nozzles. Hitherto burners
have been cooled by tubes which are under full boiler
pressure.

On account of the small diameter of the burners and
the necessity to cover them on the inside with a heat
insulating layer, in order to be able to draw off the ash

_in molten condition, it is very difficult to rectify any

leakages which may develop in these cooling tubes.

According to the invention the burners. are cooled by
the heat carrier, which is not under pressure. As the heat
carrier not under pressure is cocled the burner can simply
consist of a double jacket of sheet metal on the inside
of which the heat insulating layer is provided, Such a
burner can not only be made more simply and be more
reliable in operation than a burner constructed of cooling
tubes but it is also more convenient for dismounting anfi
simpler to repair if a leakage should develop, the likeli-
hood of which is, however, much less than in the case
of a burner for pulsating combustion provided with cool-
ing tubes under full pressure.

The following are, by way of example, data for the
circuit:

Temperature of the live steam and of intermediate
superheating °C-= 650
Lower temperature of the intermediate superheat-
ing - R °C.. 550
Live steam pressure _ ... . At__ 300
Temperature of the steam leaving the boiler__° C-_ 400

Feed water temperature ... ________ °C_- 200
Flue gas offtake temperature ._ .~ °C.. 150
Highest temperature of the heat carrier —_.._- °C.. 700
Temperature of the heat carrier leaving the inter-
mediate superheaters. ..o ______ ° C-~ 600
Lowest temperature of the heat carrier ._____ °C_2 500
Efficiency of the process —o - percent_.. 45

Figure 1 of the accompanying drawings is a diagram
showing the layout of the plant for the case in which the
intermediate superheating is only carried to such a value
that at the end of the expansion the steam is no longer
superheated.

Figure 2 is the corresponding entropy-total heat chart.

Figure 3 shows diagrammatically the layout of another
plant in which the exhaust steam from the turbine is at
the lower temperature of the intermediate superheating
stages. :

Figure 4 is an entropy-total heat chart corresponding
to Figure 3, and

Figure 5 is a diagrammatic section of a boiler used in
the plant according to the invention.

Fig. 6 is a section through a heat exchanger for super-
heating or reheating the steam. .

The stages marked with capital letters in Figures 1 and
3 have the same capital letters indicating the correspond-
ing state of the steam in the chart in Figures 2 and 4. In
tae charts, K indicates the critical point for water vapour.
From the fact that the live steam isobars are above the
point K, it will be seen that the live steam is above the
critical condition. In Figures * and 3 the water circu-

et
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lation is indicated by the thin solid line, the steam circu-
Tition ‘by the thick solid line and ‘the heat carrier circu-
lation by the thick broken line.

In Figures- 17and -2, at A the steam enters with low
superheat the first superheater heated by the heat carrier.
Thé “first divisional cuirent of the heat carrier at high
temperature enters this superheater at C, while at B the

""" flow of the heat carrier from the intermediate
superheaters- enters this preheatmg superheater. The en-
tiré return flow of the heat carrier flows through the first
superheater from B to A, where it leaves, after having
raised the steam temperature to the lower temperature of
the intermediate superheating stages. From A the heat
carrier returns to the stéam gerierator. From A to B the

steam is raised to the lower temperature of the interme--

diate or reheater superheating stages, from B to C to the
top -live steam temperature and is then expanded -from
the:top live steam ‘pressure at' C ‘to the pressure of the
first “intermediate superheating or reheating stage at Dj

where it has reached the lower teraperature limit:of the-

intermediate superheatifig stages. In the first interme-
diate superheater or rehéater between D and E it has-its
temperature again raised to the live steam temperature
by the second divisional current of heat carrier, it is ex-

pandéd furtheér to F, where the second intermediate super--

heatirig stage’ by means of the third divisional current of
the  heéat carrier commences and is completed at G and
so on. Finally, at N thé condenser pressure is reached.
Before: each intermediate” superheating stage, advanta-
geously a bleed-off for feed water preheating is provided.
" The heat éxchangers, as shown in Fig. 6, have straight
extending-throughout steam tubes 18 which are welded
between plates 11 and 12. One of the plates 12 is rigid
ly screwed with' the outer mantle 13 of the heat ex-
changer and pipe connection 14 of the turbine.
other plate .11 a connecting member 15 is joined by screws
-16. The resilient seal bétween the plate 11 and the ex-
terior. mantle 13 'is brought about by a ring seal 17 of
dbout triangulai profile which can be tensioned by means
of a pressure ring 18 and screws 19.
"7 UThe " liquid héat carrier flows through the heat ex-
changer owing to the builtin guiding walls 26 in coil
shape ‘and is delivered or drained by connections 21 and
23, Because of ‘the straight steam tube 10 the resistance
to flow of the heat exchanger for the steam is very slight.

The condensate formed in the condenser a is forced
by the condensate pump b through a bleed-off preheater
¢, is ‘brought to full pressure in the feed pump d and is
forced through the feed water preheater e into the sec-
tion of the boiler provided with the steam generating
heating surfaces f. These advantageously lie in that part
of the furnace in which the burners g are located. The
steam then flows through the steam pipe % to the entry
A of the above mentioned first superheater heated by the
heat carrier.

The return flow of the whole of the heat carrier is
effected by a circulating pump ¢ which directs it through
a preheater & in the walls [ surrounding the upper part
of the furnace and then through further heaters having
radiation and contact heating surfaces m and thence
through a pipe n to the entry to the intermediate super
heaters. The divisional currents flowing out of the inter-
mediate superheaters are collected in a pipe o and led at
B into the first superheater. It will be understood that
the steam expansions above referred to take place in a
turbine and the output of the turbine is transformed into
electrical energy in a generator p. The flue gases are re-
duced to the desired discharge temperature in a high tem-
perature part g of an air preheater and a low temperature
part r, between which the feed water preheater ¢ is located.

Figure 3 shows the layout and Figure 4 the corre-
sponding entropy total heat chart for the case in which
the exhaust steam from the turbine is still at the lower
temperature of the intermediate superheating stages. The
intermediate superheating stages coming between the first

To the*
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two ‘and -the last two are:omitted -from Figure 3 and
reference létters are therefors omitted from the corre-
spondmg stages in: Figure: 4. ~ Here the expansion from
M to N'is down to condenser pressure but only down to
the lower temperature of the intermediate superheating
stages. The first  part of the superheat. of the exhaust
steam is used in a 'heat exchanger s to bring the live
stéam from condition A to condition'A’, at: which it
now enters the first superheater. The exhaust steam then
flows through a heat exchanger # in which the whole or
a part of the condensate after outflow from the bleed-off
preheater ¢ is further heated. Tt is advantageous in
ordér to obtain the same temperature differences in the
fliie gas heated feed water preheater e as in the. first ex-
ample, only to branch off a part of the feed water at
the point P and after preheating this in the preheater ¢
to -send it direct into the boiler: part f without passing
thiough: thé preheater e. The more rapid heating up of
the other part of the feed water by the preheater.e gives
less desirable temperature differences for the preheater e
and the 'air preheater ¢ and therefore Tequires- larger
heating surfaces for this, but the same outflow. gas tem-
perature- can’ nevertheless be obtained as in the former
example. On account of the preheating of the feed
water to as great an extent as possible in the bleed-off
preheaters, only a part of the residual superheat and
exhaust steam can be extracted with the preheated feed
water. Accordmgly at:- Q part of the condensate is
branched -off and is "preheatedin-a third heat exchanger
heated by the éxhaust stéam up to -about the same tem-
pératare at which the other part comes out of the bleed-
off preheaters; whereupon it is added at R to the bleed-off
preheated part. Less bleed-off steam can then indeed
be- used, whlle more steam does 'its full work m the

three heat exchangers st u results in a certain energy
loss but this is less than the heat: Tecovery.

" Between the two limiting cases: in ‘which the exhaust
steam has no superheat and in which it-has .the lower

‘temperature of the intermediate superheatlng stages any

desired intermediate stage is-possible. The expansion in
the turbine is then carried after one of the intermediate

‘superheating stages down to condenseér pressure and for

example, the heat exchanger s is made smaller or entirely

“omitted while the heat’ exchanger ¢ for feed water may

also be reduced i size or even omitted.

“Figure 5 diagrammatically -illustrates in vertical longi-
tudinal section a boiler plant with pulsating combustion
provided with burners cooled in accordance with the
present invention, in which a heat carrier not under
pressure is used. In Fig. 5 the path of the liquid heat
carrier is indicated by dash lines and leads over the
cooling mantle 10 of the pulsating burners.

The shaft form furnace 3 with a conical slag discharge
hopper 4 is covered in its lower part with cooling tubes
5 in which steam is generated under the prescribed pres-
sure and at a temperature which is somewhat above the
corresponding saturated steam temperature, Through a
pipe 7 the condensate reaches the preheater 8 and thence
is returned into the boiler. The fluid heat carrier not
under pressure which is cooled down in the intermediate
superheaters through a pipe 9 reaches the burner cool-
ing jackets 10 and thence passes into the radiation heated
section 11, the contact heated section 12 and a pipe 13
to the intermediate superheaters, where it gives up a part
of its heat content to the steam and heats the lafter to
the turbine inlet temperature. Differing from this ar-
rangement, the burner cooling can also constitute the
final stage in the heating up of the heat carrier, if the
higher temperatures arise in the burners themselves.

I claim:

1. A steam circuit comprising piping, a steam boiler
having a furnace, a multi-stage steam turbine, interme-
diate superheaters for superheating the steam in the circuit



2,902,830

7

between one turbine stage and the mext, a first super-
heater at the first turbine stage for superheating live
steam from said boiler to the first turbine stage, means
for circulating a fluid heat carrier through said inter-
mediate superheaters arranged in parallel to effect the
heating thereof and through said boiler to heat the heat
carrier, the heat carrier being under low pressure and
having a boiling point at that pressure which is above
the highest temperature employed in the plant, the parts
of said boiler in which water is heated and steam is gen-
erated surrounding at least part of said furnace and the
remainder of the heating surfaces of the boiler serving
to heat said heat carrier, said boiler including further
heat exchange devices through which flue gases from said
boiler pass after heating said steam and heat carrier for
heating of materials for ancillary services to the boiler
by the flue gases whereby the flue gases are cooled to
a lower temperature than the lowest temperature of said
heat carrier during its circulation.

2. A steam circuit as set forth in claim 1 wherein each
of ‘said intermediate superheaters comprises steam tubes
and means for comveying said heat carrier along the

(313
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outside of said tubes in counter-current flow to the flow -

of the steam.

3. A steam circuit as set forth in claim 2 wherein said
intermediate superheaters comprise said steam tubes each
surrounded by a concentric tube through which said heat
carrier flows in a counter-current direction. =

4. A steam circuit as set forth in claim 2 comprising
guide walls in each said intermediate superheater located
to ‘guide said heat carrier in a path which crosses said
superheater tubes but which is overall in counter-current
to the steam flow within the tubes.

5. A steam circuit as set forth in claim 1 where said
furnace incorporates burners operating under -pulsating
combustion, said burners being provided with coloing
jackets through which said heat carrier is circulated.

6. A steam circuit as set forth in claim 5 wherein the
heat carrier on its return to the boiler first passes through
said cooling jackets. i

7. A steam circuit as set forth in claim 5 wherein the
heat carrier in its passage through the boiler last passes
through said cooling jackets. :

8. In a steam power plant including a steam boiler
and at least one multi-stage steam turbine, a pipe system
for steam and water, a superheater at said turbine for
superheating steam from said boiler, reheaters arranged
between the stages of said turbine, a pipe system for a
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liguid heat carrier, said boiler including a combustion
chamber lined with one set of tubes in which the steam
for said multi-stage turbine is generated and another set
of tubes in which said heating medium is heated, said
sets of tubes being arranged in two systems built into the
boiler of which the one tube system disposed where the
flue gases in the combustion chamber are cooler serves
for generating steam for operation of said turbine and
the other tube system disposed adjacent the high com-
bustion temperature portion of the combustion chamber
contains said liquid-heat carrier comprising a non-evap-
orating liquid- which flows through said pipe system,
passes through said superheater and reheaters and serves
for heating the steam in said superheater and reheaters
before and between the turbine stages.

9. A steam power plant according to claim 8, in which
each said steam reheaters disposed in front of each tur-
bine stage has straight tubes for conducting the steam
around which the heat carrier is conducted in counter-
current or transverse current.

10. A steam power plant according to claim 8, and
including a preheater between said boiler and said super-
heater and, in which the liquid heat carrier is heated to
the required hot steam temperature and the pipe system
therefore is divided between the superheaters and the
reheaters arranged in parallelism, and the parallel por-

tions of said pipe system are recombined into a single

pipe to heat the steam in said preheater.

11. The power plant of claim 8, in which the heat
carrier is selected from the group consisting of a molten
salt, lead, lead bismuth mixture, and lead manganese mix-
ture. :

References Cited in the file of this patent

UNITED STATES PATENTS
1,723,302 RuthS e Aug. 6, 1929
1,782,220 Wanamaker etal. _______ Nov. 18, 1930
1,965,427 Nerad July 3, 1934
2,158,856 Emmet oo May 16, 1939
2,593,963 Biggs Apr. 22, 1952,
2,595,822 Uggerby e May 6, 1952
2,644,308 Downs July 7, 1953
2,653,447 Heller e Sept. 29, 1953
FOREIGN PATENTS
220,960 Great Britaift — oo e Nov. 6, 1924
246,593 Great Britain - e Feb. 1, 1926

P e

o it

ek daman it e



