wo 2011/115748 A1 I 0K 00O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

sat VAT
(19) World Intellectual Property Organization /g [} 1M1 AN A0 001000 00 O O 0
nternational Bureau S,/ 0 |
(43) International Publication Date \.;J Ik S (10) International Publication Number
22 September 2011 (22.09.2011) WO 2011/115748 A1
(51) International Patent Classification: (74) Agent: CRISPINO, Ralph, J.; Abelman, Frayne &
F28F 3/02 (2006.01) Schwab, 666 Third Avenue, New York, NY 10017-5621
(US).

(21) International Application Number:
PCT/US2011/026788 (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(22) International Filing Date: - Mateh 2011 (02.03 2011 AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
arc (02.03.2011) CA., CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
Lo . HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
12/661,463 16 March 2010 (16.03.2010) US NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, 8@, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(71) Applicants (for all designated States except US): SAUDI TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

ARABIAN OIL COMPANY [SA/SA]; Box 5000, . L
Dhahran. 31311 (SA) ARAMCO SERVICES COMPA- (84) Des1gnated States (MI’ZIQSS otherwise lndlcated, fO}" every

NY [US/US]; 9009 West Loop South, Houston, TX kind of regional protection available): ARIPO (BW, GH,

77096 (US). GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(72) Inventors; and TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(75) Inventors/Applicants (for US only): AL-ANIZI, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

Salamah, S. [SA/SA]; P.O.box 10991, Saudi Aramco, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

Dhahran, 31311 (SA). AL-OTAIBI, Dhawi, A. [SA/SA]; SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
P.O.box 11750, Saudi Aramco, Dhahran, 31311 (SA). GW, ML, MR, NE, SN, TD, TG).

AL-QAHTANI, Abdullah, M. [SA/SA]; P.O.box 11750, Published:
Saudi Aramco, Dhahran, 31311 (SA). AL-HADRAMI, +UPUshed:

Luai, M. [SA/SA]; P.Obox 1207, Saudi Aramco, —  with international search report (Art. 21(3))
Dhahran, 31311 (SA).

(54) Title: SLOTTED IMPINGEMENT PLATES FOR HEAT EXCHANGERS

(57) Abstract: Impingement plates for shell and tube heat exchangers are positioned between the inlet openings and the tubes
with the surfaces of the impingement plates being normal to the flow path of the liquid entering the shell from the inlet openings
and having a plurality of openings through which a portion of the liquid passes betfore contacting the tubes. The openings can be
formed as elongated parallel slots that are positioned parallel to the tubes and function to enhance the fluid flow, especially in the
area that is immediately downstream from the impingement plates, thereby reducing fluid stagnation, fouling and tube erosion and
prolonging the useful life and time in service between maintenance shut downs.



WO 2011/115748 PCT/US2011/026788

SLOTTED IMPINGEMENT PLATES FOR HEAT EXCHANGERS

Field of the Invention
[0001] The invention relates to impingement plates for shell and tube heat

exchangers.

Background of the Invention

[0002] Fluid heat exchangers are widely used in the industry. One common heat
exchanger is known as a shell and tube heat exchanger and includes a cylindrical housing or
shell encompassing a bundle of tubes. In this type of heat exchanger, heat from a first fluid
flowing through the tubes is transferred to a second fluid flowing through the housing, as a
result of the second fluid flowing in contact with the outer surfaces of said tubes. The second
fluid enters the shell through a nozzle and is directed initially to an impingement plate which
deflects and redirects the second fluid to flow toward and about the outer surfaces of said
tubes, as generally disclosed in U.S. Patent No. 3,938,588.

[0003] The inlet fluid initially has a high velocity and dynamic force when it impacts
on the impingement plate. In many conventional shell and tube type heat exchangers the
impingement plate adjacent the inlet nozzle protects the tubes from direct impact of the high
velocity inlet fluid, but often creates operational problems when fluid flowing downstream of
the impingement plate has reduced velocity due to the vortex effect of fluid motion at the
sides of the impingement plate. This results in fouling accumulation on surfaces of the tubes,
particularly in the region designated herein as "fouling area" immediately downstream from
the conventional impingement plate. Such fouling retards heat transfer to tubes in that area

and furthermore may create a corrosive environment on the outer surfaces of said tubes. If
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the fouling and corrosion becomes severe enough, eventually the heat exchanger must be
completely shut down and retubed.

[0004] Figs. 1-2 illustrate a prior art cylindrical double split flow H-type heat
exchanger 10, as classified by Tubular Exchanger Manufacturers Association (TEMA), being
formed of a cylindrical shell housing or shell 20 encompassing a bundle of tubes. This type
of heat exchanger is often used for vaporizing duties where low pressure drop is required. In
the prior art shell and tube heat exchanger shown in Figs. 1-2 it is typical for tubes to
transport a first fluid of relatively elevated temperature, the heat from this fluid in the tubes
being transferred to a second fluid flowing from inlets 21 A, 21B to outlets 22A, 22B. For
convenience herein, the fluid within the tubes will be designated “tube-side fluid” and the
fluid flowing from inlets 21A, 21B to outlets 22A, 22B and flowing across and in contact
with the outer surfaces of the tubes will be designated “shell-side fluid™.

[0005] As shown in FIG. 2, housing 20 has two shell side fluid inlets 21A, 21B and
two shell side fluid outlets 22A, 22B. The inner tubes are in communication with a tube side
inlet 27 and a tube side outlet 28. The illustrated heat exchanger includes conventional
impingement plates 40A, 40B situated inward and adjacent of the inlet nozzles and between
said inlet nozzles and a bundle of tubes.

[0000] As shown in FIG. 2, fluid entering the shell 20 from inlets 21A, 21B initially
strikes impingement plates 40A, 40B, and then follows primarily the path indicated by long
arrows A, flowing between, around and engaging the outer surfaces of tubes in the tube
bundle (not shown). Two horizontal divider baffles 41 A, 41B and three vertical circular
support baffles 30A, 30B, 30C are also positioned in the heat exchanger and further impinge
the flow of the fluid.

[0007] Arrows A indicate how the fluid from inlets 21A, 21B tends to not flow in the

fouling areas 22 shown in the dashed line generally semi-circular areas in the region of the
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housing that is directly downstream from impingement plates 40A, 40B. As discussed above,
it is in this region where deposits and fouling accumulate on the surfaces of tubes (not
shown). 'This accumulation inhibits heat exchange with the fluid flowing within tubes by
reducing the ability of the in-flowing fluid to freely circulate around these tubes and thus
reduces the efficiency of the heat transfer. Also, this fouling may cause corrosion on the
surfaces of these tubes.

[0008] The above-mentioned areas of fouling and accumulation designated with
reference number 22 and shown in Fig. 2, are not precise areas, but are the regions where the
above-mentioned fouling occurs. In addition, fouling can also occur downstream of the

divider baffles 41A, 41B.

Summary of the Invention

[0009] The improved impingement plate of the present invention for use in a shell
and tube heat exchanger are positioned between the inlet openings and the tubes, the
surfaces of the plates being normal to the flow path of the liquid entering the shell from the
inlet openings and are provided with a plurality of openings through which a portion of the
liquid passes before contacting the tubes. In one aspect of the invention, the openings are
formed as elongated parallel slots and the impingement plate is positioned so that the slots are
parallel to the tubes. The openings enhance the fluid flow, especially in the area that is
immediately downstream from the impingement plates. This improved fluid flow prevents
fluid stagnation by allowing a portion of the pressurized liquid to pass through the plate, the
majority being diverted around the periphery of the plate to prevent tube erosion, and

therefore avoids unnecessary shut downs of the heat exchanger for service.
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Brief Description of the Drawings
[0010] For convenience and clarity in describing these embodiments, similar elements

or components appearing in different figures will have the same reference numbers.

[0011] FIG. 1 is a perspective view of a prior art double split flow H-type heat
exchanger.

[0012] FIG. 2 is a cross section view of the prior art heat exchanger taken along line
2-2 of FIG. 1.

[0013] FIG. 3 is a perspective view of an impingement plate according to one

embodiment of the invention, showing a plurality of slots in the surface of the impingement
plate.
[0014] FIG. 4 is a perspective view of the inside of the heat exchanger, showing the

new impingement plate.

Detailed Description of the Invention

[0015] A preferred embodiment of the impingement plate of the invention is
illustrated in Figs. 3-4. For simplicity and clarity, the heat exchanger 10 in Fig. 4 will be
shown as having the same housing or shell 20 as in Figs. 1-2 and also having the same inlets
21A, 21B, outlets 22 A, 22B and bundle of tubes 25. As mentioned above, in the present
embodiments it is understood that flowing in these tubes 25 is a relatively hot fluid, with heat
transfer from the outer surfaces of these tubes 25 to the relatively cooler second fluid flowing
from inlets 21A, 21B through the shell housing to outlets 22A, 22B.

[0016] Figures 3-4 illustrate in the heat exchanger housing 20, the impingement plate
40 which is generally planar. Although the impingement plate 40 is shown as being
rectilinear, other shapes can be used. The impingement plate 40 includes a plurality of

openings 45A, 45B through which a portion of the shell-side fluid passes before contacting
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the tubes. The openings are preferably in the form of elongated slots which are parallel to
each other, but other shapes and orientations can also be used. The openings extend along
substantially the entire length of the plate. In one embodiment, the openings constitute about
70-90% of the surface area of the impingement plate, and preferably about 80%. In the
embodiment shown, the openings form two columns separated by a portion of the
impingement plate that forms a central support member 47 which can be provided for
enhanced structural integrity.

[0017] The width of each opening can be in the range of about 3 mm to about 10 mm.
The length of each opening can be in the range of about 125 mm to about 150 mm, depending
on the size of the impingement plate. The space between the openings can be in the range of
about 20 mm to about 50 mm. In a preferred embodiment, the width of each opening is about
6 mm, the length of each opening is about 136 mm, and the space between the openings is
about 25 mm. However, the exact dimensions of the impingement plates and the openings,
and the spacing between the openings in the plates can be varied, depending on the nature of
the fluid, the velocity of the fluid, the intended heat transfer, etc.

[0018] Fig. 4 illustrates the placement of the impingement plate 40 in the shell 20
which is between the inlet 21B and the tubes 25. The tubes 25 are spaced-apart from each
other and extend longitudinally in the shell 20 in a first direction, wherein a first liquid flows
through the plurality of tubes. An inlet opening 21B admits a second liquid into the shell 20
in an inlet flow direction that is generally transverse to the tubes 25. The impingement plate
40 is positioned so that its surface is normal to the flow path of the second liquid entering the
shell from the inlet opening 21B. A portion of the second liquid passes through the openings
in the impingement plate 40 before contacting the tubes 25.

[0019] In a preferred embodiment, the impingement plate 40 is positioned so that the

slots 45A, 458 are parallel to the tubes 25. Further, it is preferred that a portion of the slots
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45A, 458 are aligned with the spaces between the tubes 25. This orientation helps to prevent
fluid stagnation by allowing fluid to flow through the openings and between the tubes 25.
This orientation also helps to prevent tube erosion by allowing impingement of the fluid by
the surface of the impingement plate formed between the openings.

[0020] In one embodiment the area of the impingement plate 40 is about 10% to
about 20% larger than the area of the inlet opening. For example, if the inlet opening is 10
inches in diameter, then the impingement plate can be about 11 inches by 11 inches.

[0021] The openings in the impingement plate allow the fluid to more effectively
flow in area 22 (see FIG. 2) which greatly reduces or even prevents accumulation of deposits
on the tubular surfaces in this area, and thus allows these tubular surfaces to maintain their
most efficient heat transfer capability. Also, the elimination of these deposits reduces or
prevents corrosion on these surfaces. Furthermore, the more efficient heat transfer from these
surfaces increases protection of these tubes from overheating due to lack of heat transfer from
them. And finally, as a consequence of this new structure and fluid-flow arrangement, there
is an overall improved and more efficient heat transfer of the entire heat exchanger system.
[0022] The improvement by the new impingement plate overcomes or greatly reduces
fouling accumulation on the tubes downstream of the impingement plates caused by very low
velocity or absence of flow of the fluid in this area below the impingement plate assembly.
With the new device, not only is there established an adequate fluid flow onto and around the
surface areas of the tubes directly downstream from the impingement plate but a flow of
adequate velocity to achieve cleaning and scrubbing and also to achieve recovery of heat
from those surfaces.

[0023] The new impingement plate can be made of material similar or the same as
that in prior art impingement plates such as stainless steel or other material resistant to

corrosion and damage from the environment within the heat exchanger.
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[0024] The divider baffles 41A, 41B in the shell can also include openings as
described herein to prevent fouling in the areas that are immediately downstream of these
divider baffles (see FIG. 2).

[0025] Although the present invention has been described in accordance with an H-
type heat exchanger, persons of ordinary skill in the art will recognize that the present
invention can be implemented in any type of heat exchanger having impingement plates.
[0026] As will be understood from the above description and the attached drawings,
the present invention provides a new and functionally different impingement plate to reduce
fouling accumulation, to enhance heat transfer and to reduce corrosion of tubes in a shell and
tube heat exchanger.

[0027] While the invention has been described in conjunction with several
embodiments, it is to be understood that many alternatives, modifications, and variations will
be apparent to those skilled in the art in light of the foregoing description. Accordingly, this
invention is intended to embrace all such alternatives, modifications, and variations which

fall within the spirit and scope of the appended claims.
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We claim:
1. A shell and tube heat exchange apparatus for the transfer of heat from a first liquid to a
second liquid comprising:

a shell defining an interior space,

a plurality of spaced-apart tubes extending longitudinally in the shell, wherein the
first liquid flows through the plurality of tubes,

an inlet opening for admitting the second liquid into the interior space in an inlet
flow direction that is generally transverse to the tubes, and

an impingement plate positioned between the inlet opening and the tubes, the
surface of the plate being normal to the flow path of the second liquid entering the shell
from the inlet opening and having a plurality of openings through which a portion of the

second liquid passes before contacting the tubes.

2. The apparatus of claim 1, wherein the plurality of openings in the impingement plate are

elongated slots.

3. The apparatus of claim 2, wherein the slots extend along substantially the entire length

of the plate.

4. The apparatus of claim 2, wherein the slots are parallel to each other.

5. The apparatus of claim 2, wherein the impingement plate is positioned so that the slots

are parallel to the tubes.
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6. The apparatus of claim 5, wherein a portion of the slots are aligned with the spaces

between the tubes.

7. The apparatus of claim 2, wherein the width of each slot is about 6 mm and the space

between the slots is about 25 mm.

8. The apparatus of claim 2, wherein the length of each slot is about 136 mm.

9. The apparatus of claim 1, wherein the impingement plate is rectilinear and generally

planar.

10. The apparatus of claim 2, wherein the slot openings constitute about 80% of the surface

area of the impingement plate.

11. The apparatus of claim 2, wherein the area of the impingement plate is about 110% of

the area of the inlet opening.

12. The apparatus of claim 1, wherein the shell and tube heat exchanger is a double split
flow H-type further comprising:

a second inlet for admitting a portion of the second liquid into the interior space in
an inlet flow direction that is generally transverse to the tubes; and

a second impingement plate positioned between the second inlet and the tubes, the
surface of the plate being normal to the flow path of liquid entering the shell from the
second inlet, the second impingement plate having a plurality of openings through which a

portion of the second liquid passes before contacting the tubes.
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13. A generally planar diffusing impingement plate configured and dimensioned for
interpositioning between a liquid inlet opening in the exterior wall of a shell and tube heat
exchanger and the tubes of the heat exchanger, the surface of the plate being generally
planar and having a plurality of elongated spaced-apart slotted openings for diffusing and

passing a portion of liquid contacting the surface of the plate.

14. The plate of claim 13, wherein the plurality of openings in the impingement plate are

elongated slots that extend from proximate opposing ends of the plate.

15. A method of mitigating fouling on and corrosion of a portion of the tubes in a shell and
tube heat exchanger that are in the flow path of a heat transfer liquid entering the heat
exchanger through an inlet opening, the method including:

providing a generally planar diffusing impingement plate having a plurality of
elongated spaced-apart openings, and

positioning the plate proximate the liquid inlet opening to thereby diffuse and pass

only a portion of the flowing liquid into direct contact with the tubes adjacent the plate.

16. The method of claim 15, wherein the plurality of openings in the impingement plate are

elongated slots and the slots are aligned parallel to the tubes.

10
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