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HEAT EXCHANGER UNIT FOR HEAT RECOVERY STEAM GENERATOR

ABSTRACT OF DISCLOSURE 2007169

A tubular type heat exchanger unit which utilizes upper inlet

fu

ancG <cutlaet headesrs which are connactad o Tt l2zast thr=e lower

J~znapsed Ttuses are provided in adjacent banks and rows within
a thermally-insulated casing. Prererably 4-12 lower headers each
having a bank of 4-20 vertical tubes are provided. Such heat
exchanger unit is enclosed within a thermally-insulated and is

suitable for use as an economizer and superheater in heat recovery

steam generators (HRSG).
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HEAT EXCHANGER UNIT ¥FOR HEAT RECOVERY STEAM GENERATOR

BACKGROUND OF INVENTION

el BN
L

iz 1nvantion partalns Tc tupular Typ2 heat exchangers ror use
in neat recovery steam generators (HRSG), and particularly pertains
£o such heat exchangers units utilizing inverted U=-shaped tubes

connected to elongated parallel headers <for eéconomizers and

superheaters used in such generators.

Tubular-.typ}e-:he_a‘it. ‘exchangers such as used in economizers or
suparh&ate:s z.nheat ﬁ:gcoveryste'ém generators usually utilize pairs
s upper.' andlowerneaders which'are connectéd. together by multiple
verticallyébrieh§é§ £ubes, so that hot gases such as derived from

f

a gas turbine exhaust can flow transversely across the tubes to

heat a f£luid .flowing_ vertically in the tubes, so as to generate

pressurized steam "thereir;. Such heat exchangers having various

¢ocafigurations are known, Zor sxample, as disclosed by U.3.

ulR I BPC Y a~
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2atent Nos. 4,644;é67lto Haneda et al; U.S. 4,685,426 to Kidaloski
et al; and U.S.4.,944,_2‘52 to Motai et al. However, such heat
ekchanger'designs utiliZing\pairs of upper and lower headérs are
thermodynahically‘less efficient and are undesirably expensive, so
that imprbved-éonfigurations and,designs for such heat exchangers

have heen sought. -

.SUHHARY'OE.IﬁVBﬁTibN  ',

This invention provides a tubular type heat exchanger unit and
assembly havingfan imp:ov'ed.‘:he;der and tube configuration, and which

is particularly useful for economizers and superheaters in heat
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recovery steam generators (HRSG). The heat exchanger unit
utilizes at least two elongated horizontal headers which are
oriented substantially parallel to each other, and have an inlet
and an outlet conduit connected to the first and the last header,
respectively. The adjacent headers are connected together by at
least three rows of inverted vertically-oriented U-shaped tubes,
and the headers are supported from below by suitable structural
members. The heat exchanger unit 1s enclosed by a thermally-
insulated casing so as to form an assembly.

The invention 1in one broad aspect provides for a tubular
type heat exchange unit adapted for transferring heat from a hot
flowing gas to a cooler fluid flowing 1in tubes of the unit,
comprising at least three elongated lower headers oriented
adjacent and substantially parallel to each other, each header
being connected to the adjacent header by multiple elongated
vertically-oriented U-shaped tubes extending upwardly from the
headers. The tubes are provided in at least three parallel rows
each aligned transverse to the headers with the tubes also being
aligned in a tube bank for each header, wherein the tube rows and
the tube banks are oriented perpendicular to each other, and the
U-shaped tubes in each row are aligned in a staggered pattern
relative to the tubes in the adjacent row of tubes. An inlet
upper header and an outlet upper header 1is each provided above
and is flow connected to a first and last of the lower headers,
respectively, by multiple vertically-oriented tubes. An 1inlet
conduit means is connected to the first of the upper headers and
an outlet conduit means connected to the last of the upper
headers.

In an alternative heat exchanger unit arrangement which 1is
usually preferred, dual upper inlet and outlet headers are also
provided which are each connected to at least two lower headers
by means of the multiple vertically-oriented U-shaped tubes,
which are provided in at 1least two adjacent rows of tubes.
Preferably four to twelve adjacent lower headers are used, for
which the lower adjacent headers are connected together by the
multiple inverted U-shaped tubes provided in at least four and

usually 6-20 adjacent rows of tubes.
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The tubular heat exchanger units and thermally-insulated
casing according to this invention advantageously provides a heat
exchanger assembly suiltable for use as an economizer or
superheater in a heat recovery steam generator (HRSG). Such heat
exchanger unit and assembly provides uniform heat transfer to a
fluid such as water or steam flowing in the wvertical tubes and

also 1ncreases velocity of the fluid flowing therein for improved

heat transfer.
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The invention will be further described by reterence to the

following drawings, in which:

fig. 1 shows a plan view oI one empodiment oI a tubular type
2123C exchanger unit and assambly according to the invention and is

sultable for use in a heat recovery stean generator (HRSG);

Fig. 2 shows an elevation sectional view taken through one row
of vértically-oriented tubes at line 2-2 of Fig. 1; and including

both upper and lower headers;

Fig., 3 shows another elevation sectional view taken through an
adjacent row of vertically-oriented tubes at line 3-3 of ZTig. 1

with the lower headers being structurally supportad IZrom below;

!

Fig. 4 shows a plan view of a tubular heat exchanger assembly
similar to Fig.-l'but including a second unit having its headers
located adjacent one end and aligned with a first unit headers,

r7icta 2ach unit having saparate inlsat and outlsztT condults; and

Fig. 5 shows an enlarged detailed elevation view of a tubular
type heat exc.hanger' unit similar to Fig. 2 and 3, and including

upper and'lower'c§Sing_and SUppOrt structure.

DESCRIPTION OF INVENTION

As is'shown'by-?‘ig. 1, a heat recoverv genarator unitc 1¥ includes
inlet.cohduit 11 connected to an inlet upver heada2r L2, which i§
connected by multiple vertically-oriented tubes 13 tc a lower header
14. Lower’headef 14 is connected by multiple vertically-orilented
U-shapedj:ubes 15 to an adjacent parallel header 16. In the Fig. 1

drawing,:four'adjacht lower.headérs 14, 16, 18 and 20 are shown,
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. ti..ch headers are connected together by multiple U~-shaped vertical

cubes 15, 17, 19 and 21, which are aligned in tube banks for each

header, as 1s additionally shown in Figs. 2 and 2. The last bank
0L tubes 21 are connected to an outlet upper header 22, which 1is
connacted Lo outlet conduit 2Z2. It 1z se2n that the Ifour lower
n2aders 14-20 ars flcw c¢cnnecrad tegether and to the inlet and
sutlat uvser nh=2adars by additicnal rewus and varallel Dbaniks of
vertically-oriented tubes, as shown in Figs. 2 and 3. The inlet

conduit 11 and outlet conduit 23 can be located anywhere along the

length of the header to which they are each connected, considering

space limitations or restrictions for a particular installation.

A hot gas stream at 30 such as combustion exhaust gases from a gas
curbine can flow transversely across the heat exchanger tube bhanks
and rows, so as to transfer heat to a fluid such asz pressurized

water or steam flowing inside: the multiple tubes.

/

The headers and tubes for heat exchanger unit 10 are all enclosed
within a casing 32, which 1s internally thermally-insulated at 33
and usually has a rectangular-shaped cross-section shapa. The lover

-, -3 T T v —y % vy e e "-"-*1 .o ot W g A g v A . Yy ™ 3y e gm g - o -~ - H
AT AAED Loy AT ZUNRTCorT 2l 27 IUTUATTUYAL SEQANS o= NSO 832 snacz2d

e

apart along the length of the headers, and can be embedded within

the insulation 33,

In an alternative useful configuration for the heat exchanger

units 1@ of this invention, the upper inlet and outlet headers 12

and 22 can be omitted and new inleat and outlet conduits 24 and 25

{

can b2 coanected directly onto the irst and 133t lowsr dzadsrs 14
and 29, raspectively, a3 13 ¢ganerally shown 1 dotted iin2s 12
Pigs. 2 and 3. In this alternativa arrangement, tha heat exchanger
unit i3 also enclosed within a thermally-insulated casing 32 and
the lower.header$i14-2® are each supported from beams 34 similarly

as described for the Fig. 3 arrangement.
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The header and U-shaped tube configuration for the heat exchanger
unit of this invention assures uniform heat ﬁransfer from the hot
tiowling gases to the fluid (water or steam) flowing inside the
tubes, wanlch 1increases the fluid velocity inside the tubes, and

o2rmits significant resduction of up to 5% in the hear #transfer

H

+

4

U

U

raca arsa requirad f£or a particular h=zat duty in a heat rzocovervy

ca2amn generator (HRSG).

Ob

This invention is useful for economizer units heating pressurizad

water and for superheater units heating steam for heat recovery
10 steam generators (HRSG). The tubes are 1~3 inch outside diameter
and 20-69 ft. long. The tubes are each welded pressure-tightly at
cach end into the upper and/or lower headers, so as to form adjacent
Ttulbe banks in each head‘er and tube rows connecting the adjacent
h=zaders., The headers each have 3;6 inch outside diameter and are
5-14 feet long depending upon the needs of a particular heat recover
;
Jenarator installat:ﬁ,on. Thea desi_;ed spacing hetween adlacant lower

headers and their connected tubes in the direction of gas flow is

4-10 inches, and the desired spacing between adjacent tubes in the

!
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20 is 4-10 inches. Exhaust gas passing transversely across the tube
banks may have superficial velocity of 20-50 ft/sec, temperatures

oﬁ-2®®-16®®??,and_f1uid pressures in the tubes may be 5-2700 psig.

'Th'e'nur.nb:ér of',l-.ower headers and tube banks used for this invention
will depend upon the amount of heat to be eXtracted Ifrom the hot
'a:‘:haus:t. gaS'. FOor practical use at lzast two and not =xzcszeding
tyuelve lower neaders and associated tube banks are uzed, as heat
avchanga units having tvelve headers i3 usually the maxiaun shipping
size-limit.. IZ dasired, two or more heat 2xchange units 19 can.be
provided.in pa:al;el.alignment within a siagle casing, the units

30 being arranged ih_aftandém lew arrangement for the hot gas stream

30,

Ul
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In another alternative arrangement, two heat exchange units 190
and 1Qa can be provided within a common casing 4@, which is internally

thermally~insulated at 41, as is shown by Fig. 4. For the second

heat exchange unit 19a, the headers 14a and 20& are located adjacent
one end and in alignment with the headers 14-20 of the heat exchange
unit 10. Although not shown in Fig. 4, the second heat exchange

unit 1%a is supported similarly as shown in Fig. 3.

The heat exchanger unit 19 is shown in greater detail by Fig. 5,
in which the lower headers 14-20 are each structurally supported
by horizontal I-beams 34, which beams are each in turn supported
by beams 36 which are located external to the lower side of casing
32. A suitable thermal insulation material 33 is provided between
the lower headers 14-292 and the casing 32 lower side, and ié also
provided between the upper headers 12, 22 and the casing 32 upper
side. The internal thermal“i;}sulation 33 ¢an be provided by a rigid
refractory material, or preferably can be a ceramic fiber blanket
material covered-‘with a thin metal inner liner 33a such as stainless

steel, so as to reliably retain the fiber insulation in the flowing

hot gas stream 30, The casing 32 and steel beam structures 36 can

be supported in any convenient manner, such as being attached to
reinforced concrete structures 38. A drain connection 39 is usually

provided from each lowery header 14-20.

During operations of the heat exchange units 10 in a heat
recovery 'steam.generator, a hot combustion gas 30 flows through the
elongated thermally-insulated casing 32 and transversely past the
tubes at superficial velocity of 30-50 ft/sec, and thereby heats
thefluidasuéh;aswater or steam flowing inside the tubes. TFor
tubeshaving:léﬁgth'éxCeeding about 10 feet, the tubes are usually
stabilized  against = lateral vibrations by close-fitting

anti-vibration support members or ties 42, which extend between
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ac cent tubes and £it closely around the tubes. For tubes exceeding
about 30 feet length, two ties 42 spaced about 8-190 ft. apart along

tne tube length should preferably be used.

Tha tubes and headers are usually made of carbon steel or an

+10y 3ta2el dsvending upon the operating tamperatur:z and prassure
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10L0 Thn2 uswoer and lowar hezaders o tile heat ex¢hanger uvnits.

The invention advantageously provides a tubular heat exchanger

unit arrangement for use as either ecocnomizer or superheater units

in heat recovery steam boilers or generators, in which the multiple
tubes are located thermally in parallel so as to achieve good mixing
0oL the gas flow and minimize the heat transfer surface raguirements,
Jnlle also providing good temperature balance and minimum tharmal

stresses developed in the tubes.

-

/

The invention will now be further descrihed by the following

typical Example, which should not be construed as limiting in scope.

MIAMPLE

A heat recovery steam generator (HRSG) is constructed according
to the invention in which & heat exchanger unit having upper and
lower headers connected to banks and rows of verticallv-oriented

tubes are provided within a rectangular-cshapsd c¢casing, which i3

(U
L3

cazernally thermally insulated. The tubes. zrz metal zre wald

ressura~tightly into =an inlat and outlast uprar asader, and into

'-

lowar*headérs;:as gaﬁerally shown in Figs. 2 and 3. Hot combustion
gas sUch'asderive& from_combustion oL natural gas, fusl gas, or
oil in'a-gaSQturbing,zwith ot wi;hout auxiliary burners, ¢an pPass
transve:sel? 3¢£és$ £he ﬁult;§l§wbanks and.iows of tubes. For an
economiée¢ unit?;Pgeésurized §étér'qan be introduced into the first

upper'héader forithe tubes;gand'water.heated in the tubes by the
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ho" gas can be withdrawn from the last upper header. The heated
water can be passed to other heat exchange units such as a superheater
in which pressurized steam is passed through the headers and tubes
and heated by the hot gas. The super heated steam is then ex'panded

1n a high pressure turbine for ganerating power.

some 1inportant tveoical charactzristics and dimeansicns Tor the
22at axzchanger cnites used as an =conomizer or supsrheatsr ars

orovided in Table 1 belcw:

Header and Tube Characteristics

Economizer Superheater

deader outside diameter, in. ¢ 4
Header length, ft. 190 10
Tube outside diameter, in. 2.0 2
Tube langth, £t. 50 50
- Spacing hHetwaen adjacent lower headers, in. 5 5
Spacing detweaen adjacent tubes in direction

cx ¢gas ILlow, in. 5 5
Spacing between adjacent tubes
perpendicular to gas £low direction, in. 5 5
Hot gas inlet temperature, °F 600 1,100
Combustion gas superficial velocity, ft/sec 20~49 39-40
Pressure in tubes, psig. 1,509 1,500
Fluid inlet temp., °F | 239 1,000
Tiuld exit temp., °F 575 1,200

SLLo0ug0 BRL3 ILavancion a3 Dizan descrined brozdliy anil in tarms

-

Of a prererred embodiment, it will be understood that modifications

and variations can be made thereto within the scope of the invention,

which 1s defined by ‘the following claims.
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WHAT IS CLAIMED IS5:

1. A tubular type heat exchange unit adapted for transferring
heat from a hot flowing gas to a cooler fluid flowing 1in tubes
of the unit, comprising at least three elongated lower headers
oriented adjacent and substantially parallel to each other, each
said header being connected to the adjacent header by multiple
elongated vertically-oriented U-shaped tubes extending upwardly
from said headers, said tubes being provided in at least three
parallel rows each aligned transverse to the headers with the
tubes also being aligned in a tube bank for each header, wherein
said tube rows and said tube banks are oriented perpendicular to
each other, and said U-shaped tubes in each said row are aligned
in a staggered pattern relative to the tubes in the adjacent row
of tubes; an inlet upper header and an outlet upper header each
provided above and flow connected to a first and last of said
lower headers, respectively, by multiple vertically-oriented
tubes, and an inlet conduit means connected to the first of said

upper headers and an outlet conduit means connected to the last

of said upper headers.

2. The heat exchanger unit of claim 1, wherein each said tube
has outside diameter of 1-3 inches, each said header has outside

diameter of 3-6 inches, and each said tube has length of 20-60
feet.

3. The heat exchanger unit of claim 1, wherein said tubes each
have substantially equal outside diameter and substantially equal

spacing in each tube bank and row.

4 . The heat exchanger unit of claim 1, including a casing which
is internally thermally-insulated and adapted to support said
adjacent headers and said U-shaped tubes, and to enclose the

headers and tubes so as to provide a heat exchanger assembly.

5. The heat exchanger assembly of claim 4, wherein said casing

has a rectangular cross-sectional shape.

P AT AR LA NI BN A i - -ttt SR
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6. The heat exchanger unit of claim 4, wherein said internal

thermal i1nsulation is a blanket of ceramic fiber material covered

by an inner thin metal liner.

7. The heat exchange assembly of claim 4, including a second
heat exchange unit which 1is provided in said casing with said
first unit, said second heat exchanger unit having at least three
lower headers which are adjacent to one end and in alignment with

sald lower and upper headers of the first heat exchanger unit.

8. A heat recovery generator assembly according to claim 4,
wherein at least two heat exchanger units are provided in tandem

gas flow arrangement within a rectangular-shaped

thermally-insulated casing.

9. The heat exchanger unit of c¢laim 1, wherein a drain

connection is provided from each of said elongated lower headers.

10. The heat exchanger unit of claim 1, wherein said tubes have
close-fitting support members which fit closely around and extend

between adjacent tubes, so as to stabilize the tubes against

lateral vibrations.

11. A tubular type heat exchange assembly adapted for
transferring heat from a hot flowing gas to a cooler fluid
flowing in tubes therein, comprising:

(a) an upper inlet header having an 1inlet conduit flow
connected to said inlet header;

(b) at least three lower elongated headers which are
aligned adjacent and substantially parallel with each other, each
said lower header being flow connected to the adjacent lower
header by multiple elongated vertically-oriented U-shaped tubes,
said U-shaped tubes being provided in at least three parallel
rows and aligned transverse to the headers, with the tubes also

being aligned in a tube bank for each header, wherein said tube

10
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rows and said tube banks are oriented perpendicular to each
other, and said U-shaped tubes in each said row are aligned in
a staggered pattern relative to the tubes in the adjacent row of
tubes, with a first said lower header being flow connected to
sald upper inlet header by multiple vertically-oriented tubes:;

(c) an upper outlet header having an outlet conduit flow
connected to sald outlet header, and also being flow connected
to a last said lower header by multiple vertical oriented tubes:;
and

(d) a thermally-insulated casing enclosing said headers and
said tubes, so that a hot flowing gas can pass transversely

across the tubes and transfer heat to a fluid flowing in the

tubes.

11
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FIG.3
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