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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Patent Application For: 

HEAT EXCHANGER CLOSURE ASSEMBLIES AND METHODS OF USING AND 

INSTALLING THE SAME 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. Patent Application Serial No. 62/645,662 filed 

March 20, 2018 which is incorporated herein by reference in its entirety.  

FIELD OF THE INVENTION 

[0001] The disclosed embodiments relate to heat exchanger closure assemblies and methods 

for using and installing the same, and more particularly to closure systems and methods for 

sealing high pressure shell-and-tube type heat exchangers having removable tube bundles, 

and still more particularly to heat exchanger closure assemblies which are configured to 

accommodate varying thermal loads having a closure plug assembly that is secured to the 

channel of the heat exchanger using locking assembly.  

BACKGROUND OF THE INVENTION 

[0002] Shell-and-tube type heat exchangers constitute the bulk of the unfired heat transfer 

equipment in chemical plants, petroleum refineries, steam plants, and similar installations.  

Heat exchangers having removable tube bundles, such as those with U-tubes and a floating 

head, or having non-removable bundles with fixed tube sheets are among the most popular 

exchangers of the principal types of shell-and-tube heat exchangers in current usage. In
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practice, it is usually desirable to have a removable tube bundle such that the heat exchanger 

can be periodically removed from service, the tube bundle removed for cleaning and inspection 

and then re-assembled. It may also be desirable to hydrostatically or pneumatically test the 

shell side of tubular heat exchangers, with removable tube bundles, so that inspection or 

verification of the tube joints and tube sheet gaskets can be made and leaks can be readily 

located and serviced. In order to remove the bundle there must be provided a closure that can 

be opened quickly and reliably after a long period operating under varying thermal and 

pressure loads. The problems associated with disassembly, removal, hydrostatic and pneumatic 

testing and re-assembly are particularly acute when the tubular heat exchanger is relatively 

large (over 36 inches in diameter) and intended for high pressure operations exceeding 1000 

psi since the weight of the components required becomes large. A particular type of closure 

that has been developed for this purpose is a "screw plug" also known as "breechlock" type 

closure which uses a plurality of interlocking threads to secure a lock ring cover assembly in 

place. The main advantage of this type of system is that it eliminates the large channel cover 

flange and bolting of other conventional high pressure exchanger designs. There are two common 

classifications of screw plug type heat exchangers described in the prior art. In applications 

where pressures exceed 1000 psi on both sides of the tube sheet such that the tube sheet itself is 

subject only to a lower differential pressure, it is possible to provide a fully removable "A

Style" closure whereby the bundle can be removed without removing the shell cover. If the 

differential pressure is too high it may be more convenient to remove the shell cover to access 

the bundle in which case a "B-Style" closure can be used.  

[0003] Moreover, the closure assemblies used in heat exchangers of this type must be 

rigid enough to contain the internal pressure without significant movement of the closure 

assembly relative to the channel, since this would lead to partial or full disengagement of the 
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threads used to secure the closure assembly. However, the assembly must also be flexible 

enough to accommodate expected thermal loads occuring during operation. Expected 

thermal loads are changes in temperature over time which can occur during initial start up or 

following repairs, or in the event of an upset or plant trip, any of which singular event can 

result in a differential thermal expansion of the internal components relative to the channel.  

The thermal loads, if not properly accomodated for in one or more embodiments, may in turn 

cause uneven plastic deformation of the internals such that gasket load is no longer evenly 

distributed and eventually the assembly begins to leak. In particular since the internal 

components of the heat exchanger are often subject to higher thermal expansion than the 

channel, due to differing coefficients of thermal expansion or the fact that the thinner 

internals may heat at a faster rate than the thick channel materials, a rigid closure assembly is 

not desirable if it results in: plastic deformation of internals which leads to gasket unloading 

and leakage; and higher load on the threaded portions of the closure assembly and channel 

which can lead to thread deformation. All of the above circumstances and operating 

conditions have led to the adoption of many different technical solutions, which have only 

been partially successful because they have only resolved some of the problems and while 

introducing others, especially for applications where temperature, pressure and size are on the 

high side.  

[0004] In all of these prior art solutions, a threaded lock ring and cover assembly (or" 

closure plug") must be rotated several times, usually 20 or more, in order to fully engage the 

threads in the lock ring with the threads in the channel of the heat exchanger. This introduces a 

special handling consideration since the lock ring assembly must be accurately centered and 

supported whilst outside the channel and rotated into position. In particular since the weight of 

the closure plug cannot be allowed to rest on the threads, precision of handling such a heavy 

3
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piece of equipment (as much as 21,000 lb) requires a specializedjig to be supplied with the heat 

exchanger. Various jig designs have been developed. In some cases a cantilevered system of 

counterweights is used to balance the weight of the lock ring. In other cases the jig is attached 

directly to the channel.  

[0005] However, the special jig has no other function and may be used so infrequently that 

the crew working on the exchanger are inexperienced and rely completely on instructions 

provided by the manufacturer. In the worst case there is a risk of injury to plant personnel 

working on the exchanger if the heavy assembly is not secured to the jig correctly. There is 

always a risk that the closure plug may become jammed or the threads may be damaged during 

insertion or removal. This is particularly true when the closure plug is first inserted into the heat 

exchanger channel. Time is critical during plant turnaround or repairs, so any unplanned 

downtime associated with a stuck closure plug can represent a significant financial loss to the 

plant or refinery.  

[0006] The difficulty of handling the lock ring means it is not desirable to insert and remove 

the lock ring more than once during a maintenance event. If it is necessary to perform repairs on 

the tubes, or other pressure retaining components, a shell side hydrostatic or pneumatic test must 

be performed without the cover in place in order to inspect and ensure that there are no leaks.  

Early designs used a temporary internal flange to load the gasket when hydro testing the shell 

side of the heat exchanger. Later designs such as that shown in U.S. Patent No. 4,750, 554 

provide a mechanism to apply the load from the internal flange in parallel with the load from the 

inner row of bolts. For these later designs the inner row of bolts located in the external lock-ring 

are used to load the tube sheet gasket only in the event of a leak. The internal components 

required to achieve this function can become quite complicated, and whilst the design has been 

well optimized, the number of parts and complexity increases the risk that they could be 
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installed incorrectly as well as introducing more fabrication costs. Since the internal flange is in 

contact with process fluid, the bolts can become corroded or covered in coke formations and 

may have to be cut or drilled out. Moreover the differential thermal expansion of the internal 

components can cause damage to or can deform the internal flange assembly leading to 

difficulty in removing and re-using the assembly.  

[0007] Hence the prior art does not address the problem of handling the closure plug during 

insertion/removal and allowing pressure testing whilst maintaining a simpler design for 

internals.  

[0008] Whilst a screw closure plug heat exchanger may meet the applicable design codes 

with respect to pressure containing parts, there are other components inside the pressure 

boundary of the equipment design that will impact the reliability and life cycle cost of this type 

of equipment. There is a need for a device which will be rigid enough to limit movement under 

pressure load, whilst avoiding damage to internals under expected thermal load conditions and 

providing fail-safe protection to the pressure retaining structure (threads ) etc. under extreme 

thermal load conditions.  

[0009] Therefore, there is an unsatisfied need in the art for a heat exchanger closure 

assemblies which are configured to accommodate varying thermal loads and which includes a 

lock ring and cover that can be more easily installed and removed as needed and without the use 

of specialized handling equipment.  

5
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SUMMARY OF THE INVENTION 

[0010] The purpose and advantages of the below described illustrated embodiments will be 

set forth in and apparent from the description that follows. Additional advantages of the 

illustrated embodiments will be realized and attained by the devices, systems and methods 

particularly pointed out in the written description and claims hereof, as well as from the 

appended drawings.  

[0011] To achieve these and other advantages and in accordance with the purpose of 

the illustrated embodiments, in one aspect, closure systems and methods for shell-and-tube 

type heat exchangers are described in which heat exchanger closure assemblies are 

configured to accommodate varying thermal loads and include a lock ring that is secured to 

the channel of the heat exchanger using a plurality of interlocking hubs or threads 

[0012] As previously noted, the following are of particular concern to end users of shell

and-tube type heat exchangers: leakage across gaskets leading to process fluids such as 

hydrogen/hydrocarbon escaping into environment; process leaks between the shell-side and 

tube-side fluids; longer than expected maintenance times due to sticking of the closure plug 

during insertion/removal; and complexity of large number of internal components and 

specialized equipment that is required to support the closure plug during insertion or removal.  

[0013] In accordance with the certain embodiments illustrated herein, the presently 

disclosed methods/systems for opening, closing and sealing a high pressure heat exchanger 

employ a cover and a lock ring assembly (e.g., a closure plug) whereby the closure plug is 

inserted into the heat exchanger channel in one linear motion and rotated preferably by less than 

one single turn (e.g., a turn less than 360 degrees) into a locked position. The load bearing 

surfaces (e.g., hubs) are preferably not in contact until the final rotation is applied effectively 
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locking the closure plug to the high pressure heat exchanger. The channel of the high pressure 

heat exchanger is preferably machined with a first set of hubs and the lock ring is machined with 

a second complimentary set of hubs such that when the closure plug is rotated the first set of 

hubs releasably engage with the second set of hubs. In certain embodiments, a rail may be 

attached adjacent to one or more sets of hubs on the lock ring and/or channel to provide a raised 

section along one side which: (i) prevents over rotation; (ii) provides a bearing surface for 

insertion of the lock ring assembly; and (iii) prevents damage to load bearing surfaces.  

[0014] In certain illustrative embodiments, the lock ring is machined with a prescribed 

number (e.g., 8) of lock ring hub sets and the heat exchanger channel is machined with a 

corresponding number of channel hub sets. Those skilled in the art will readily appreciate that 

the number of corresponding sets of hubs can be varied without departing from the inventive 

aspects of the present disclosure. In certain illustrative embodiments, the hub profile is a 

buttress shape.  

[0015] It is to be appreciated that certain advantages of the illustrated embodiments include 

a closure plug assembly that can be installed with a single linear motion and without the need for 

a specialized jig or tool. Only once the closure plug assembly is in position and fully supported 

by heat exchanger channel, is it locked into position by a single partial turn (for instance, a 22.5 

turn of the plug member). The risk of the closure plug being stuck relative to a heat exchanger 

channel is eliminated. Additionally, handling of a plug member is safer since no rotation is 

required until the closure plug is fully supported relative to a heat exchanger. Readily available 

plant equipment such as cranes, bundle pulling trucks and fork lift trucks may be used to move a 

closure plug member in place thereby eliminating the cost associated with a specialized jig. The 

installation is safer because the lock ring assembly/plug does not need to be simultaneously 

rotated whilst hung and centered using counterweights or cantilever but instead is preferably slid 
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in along specially designed rails which also serve to provide a rotation stop The rails are sized 

so as to ensure that the lock ring assembly of the closure plug does rests its entire weight on the 

load bearing surfaces of the hubs.  

[0016] In accordance with illustrated embodiments, insertion and removal of the closure 

plug assembly can be accomplished more quickly than the prior art threaded design. Faster 

insertion and removal enables the use of simplified internals, in particular by eliminating the 

need for an internal flange. In certain embodiments, to lock the ring of the closure plug 

assembly in place, only a partial turn (e.g., 22.50), of the closure plug assembly relative to the 

heat exchanger tube is required, in contrast to the typical 20 or more full turns of the prior art 

design. As a result, flexibility is provided in selecting the load bearing surface shape of the 

closure plug to be more optimal than the traditional 1" ACME thread used in the prior art.  

[0017] With regards to prior art design and methods, the tightening of a screw thread is 

comparable to driving a wedge into a gap until it sticks fast through friction and slight plastic 

deformation. Thus, a thread must advance through some linear distance whilst rotating in order 

to be fully engaged. The prior art designs typically used an ACME style thread, usually on a 1" 

pitch such that one full turn advances the plug 1 inch into the channel. In contrast, the hub 

designs of the certain illustrated embodiments of the present invention are, for instance, a male

female interlocked or interdigitated geometry, which engage through rotation in a single plane, 

which preferably use a hub shape (e.g., buttress configuration) which is stiffer and more 

appropriate when the force on the hub is primarily in one direction. Rails are provided and 

configured on the hubs to ensure that the lock ring of the plug assembly is centered correctly 

during insertion and cannot over rotate. The rails also function to protect the hubs during 

assembly of the closure plug member with the heat exchanger tube.  

8
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[0018] Thus, a distinct advantage provided by the illustrated embodiments is elimination for 

requiring specialized "jigs" required to support and center a lock ring while it is being rotated.  

In accordance with the illustrated embodiment of the present invention, rotation of the closure 

plug occurs once the lock ring of the plug is fully inserted in the channel, so the lock ring design 

significantly reduces the time it takes to open and close the heat exchanger for maintenance 

operations, eliminates the need for special equipment/handling and thus reduces the risk that an 

incorrect installation will result in a leak. By reducing the opening and closing time, it is also 

possible to eliminate an internal flange used for pressure testing purposes, which greatly reduces 

the number of components that must be installed/removed to obtain access to the tube bundle.  

[0019] It is to be appreciated the illustrated embodiments of the present invention are 

directed to heat exchanger constructions permitting thermal expansion under varying thermal 

loads during operation through the use of an elastic torsion member. By accommodating 

expected thermal expansion with an elastic torsion member, sealing can be maintained 

through multiple operating cycles without adjustment of compression bolts provided on a 

closure plug. Expected thermal loads include heating and cooling of components due to start 

up, shut down, fluctuations in fluid flow rates and infrequent but forseeable events such as a 

plant trip or sudden shutdown. In the event of an extreme thermal load that causes the 

thermal expansion of the internals to be beyond the range considered in the design, it is 

critical to protect the hubs of the closure assembly from damage, thus the torsion member is 

designed and configured to deform plastically above a certain range of elastic deflection. It is 

to be appreciated that with prior designs and methods, the use of specialized assembly 

procedures was required to maintain sealing of an internal tubesheet gasket, often involving 

re-tightening of compression bolts during operation. Even with these procedures, plastic 

9
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deformation of internal members can occur during operation due to differntial thermal 

expansion. As noted above, this has been obviated by the present invention.  

[0020] In accordance with certain illsutrated embodiments of the present invention, 

closure assemblies are designed to seal a high pressure shell and tube heat exchanger, and are 

configured as a "screw plug" type, which maintain a seal at the heat exchanger tubesheet 

under pressure and varying thermal loads. External sealing of the closure assembly is 

preferably provided by a diaphragm and gasket assembly. The diaphragm gasket seal is 

preferably maintained by an outer row of push bolts, and internal sealing is provided 

preferably by a second gasket located at the tube-sheet which is loaded by an inner row of 

push bolts. In accordance with the certain illustrated embodiments, internal sealing load of a 

heat exchanger tubesheet is transmitted through a compression ring, an elastic torsion 

member and a sleeve member. It is to be understood the elastic torsion member pivots at the 

areas where it contacts the sleeve member and the compression ring.  

[0021] During an assembly procedure of the certain illustrated embodiments of the 

present invention, a tube bundle with a tubesheet gasket is inserted in an heat exchanger tube, 

followed by a sleeve member, an elastic torsion member and then the closure plug member 

preferaby having a cover and lock ring assembly. Additionally, a diaphragm and diaphragm 

gasket is provided adjacent to the closure plug in the heat exchanger tube for providing a leak 

tight seal. The closure plug member is removably secured to an open end channel of the heat 

exchanger tube by turning the closure plug member coaxially about the longitudinal axis of 

the heat exchanger in one linear motion, and preferably rotated by less than one single turn so 

as to be disposed in a locked position. It is to be appreciated, the load bearing surfaces are 

not in load bearing contact with one another until a final rotation of the closure plug is 

applied.  

10
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[0022] In accordance with the certain illustrated embodiments of the present invention, 

the aforesaid load bearing surfaces of the closure plug and the open end channel of the heat 

exchanger tube preferably include a first set of hubs provided (e.g., machined) on the closure 

plug and a second complimentary set of hubs provided (e.g., machined) on the open end 

channel portion of the heat exchanger tube such that when the closure plug is rotated, the first 

set of hubs engage (interdigigate) with the second set of hubs. It is to be appreciated that one 

or more sets of hub sections may be provied on the closure plug and/or open end channel of 

the heat exchanger so as incorporate a raised section (e.g., a rail) configured to (i) prevent 

over rotation, (ii) provide a bearing surface for insertion of the closure plug, while (iii) 

preventing damage to load bearing surfaces of both the closure plug and the open end channel 

of the heat exchanger tube.  

[0023] In yet another aspect, provided is a heat exchanger assembly including an 

elongated tubular heat exchanger enclosure defining an interior chamber. A tube sheet is 

positioned within the interior chamber of the heat exchanger enclosure separating the interior 

chamber into a shell side and a channel side. The interior portion is configured to removably 

receive a tube bundle positioned within the shell side of the interior chamber. An annular 

sleeve member is positioned within the channel side of the interior chamber of the heat 

exchanger enclosure. An annular elastic torsion member is positioned within the channel side 

of the interior chamber of the heat exchanger such that the sleeve member is positioned 

between the tube sheet and the elastic torsion member. The elastic torsion member has an 

inner circumference deflectable relative to its outer circumference for torsioning the elastic 

torsion member. Additionally, the heat exchanger may further one or more of the following: 

i) a partition assembly wherein the sleeve member is positioned within the channel side of the 

interior chamber of the heat exchanger enclosure to direct fluid from a port extending through 

11



WO 2019/183176 PCT/US2019/023097 

the enclosure to at least two or more tubes in a tube bundle; ii) a tube sheet gasket positioned 

between the tube sheet and a shoulder formed within the interior chamber of the heat 

exchanger enclosure and a bearing ring positioned within the interior chamber of the heat 

exchanger enclosure with the elastic torsion member positioned between the sleeve member 

and the bearing ring; iii) at least two ports extending through the enclosure for allowing fluid 

to enter and exit the channel side of the interior chamber of the heat exchanger enclosure; iv) 

the elastic torsion member being configured to deflect elastically up to an elastic deflection 

limit and deflect plastically above the elastic deflection limit such that the elastic torsion 

member deflects elastically to accommodate differential thermal expansion and avoid damage 

to components of the heat exchanger when the heat exchanger is under preload and expected 

pressure and thermal loads; v) the elastic torsion member being configured to pivot at a first 

contact area where the elastic torsion member contacts the sleeve member and at a second 

contact area the elastic torsion member contacts the bearing ring; vi) the elastic torsion 

member having a quadrilateral cross-section having rounded corners; vii) a plurality of elastic 

torsion members stacked in series relative to one another; viii) the elastic torsion member 

being configured to have an outer radius "A" and an inner radius "B", wherein the outer 

radius is less than an inner radius of a channel of the interior chamber configured to receive a 

tube bundle, wherein the ratio of "A" to "B" is less than 3; ix) the elastic torsion member 

being configured to have a height "H" that is approximately 50% of its elastic deflection 

limit, and has a thickness "T" such that the elastic torsion member deforms plastically above 

its elastic deflection limit; x) a closure assembly for sealing the channel side of the interior 

chamber of the heat exchanger enclosure, wherein the closure assembly includes a lock ring 

member and a cover member which are removably secured to the heat exchanger enclosure 

with a locking assembly; xi) the locking assembly including a plurality of spaced-apart lock 
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ring hub sections configured to interdigitate with corresponding channel hub sections formed 

on a cylindrical inner surface portion of the heat exchanger enclosure; xii) a diaphragm 

positioned with the channel side of the interior chamber adjacent to the lock ring and cover 

members and a diaphragm gasket compressed against the diaphragm when the lock ring 

member is removably secured to the heat exchanger enclosure.; xiii) the closure assembly 

further including a plurality of first elongate compression members provided along an outer 

radius portion of the closure assembly so as to transmit a force to a first compression ring, 

which transmits a force to a rim portion of the diaphragm and the diaphragm gasket and a 

plurality of second elongate compression members provided along an inner radius portion of 

the closure assembly so as to transmit a force to a second compression ring, which transmits a 

force against a portion of the diaphragm causing a portion of the diaphragm to deflect distal 

from the cover member and towards the elastic torsion member when the closure assembly is 

removably secured to the heat exchanger enclosure; xiv) the tube sheet, sleeve member, 

bearing ring, first and second compression rings, lock ring, and first and second compression 

members being configured to remain elastic up to or above a total axial load from preload, 

thermal and pressure loads when the closure assembly is secured to the heat exchanger 

enclosure; xv) wherein the elongate compression members are preloaded, the compression 

members impart the preload through a first axial load path to a first contact area of the elastic 

torsion member, which transmits the preload through a torsional load path through the elastic 

torsion member to a second contact area of the elastic torsion member, which transmits the 

preload through a second axial load path to a tube sheet gasket; xvi) wherein pressure loads 

from process fluids in the heat exchanger are within a normal prescribed threshold range, the 

elastic torsion member is configured to deform elastically enabling its outer circumference to 

axially move towards the closure assembly, pressure loads from process fluids in the heat 
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exchanger enclosure reduce load on the elastic torsion member by deforming the closure 

assembly distal from the tube sheet, and the elastic torsion member is configured to deflect 

elastically up to an elastic deflection limit and deflect plastically above the elastic deflection 

limit such that the elastic torsion member accommodates differential thermal expansion to 

avoid damage to components of the heat exchanger when the heat exchanger is under preload 

and expected pressure and thermal loads.  

[0024] In yet another aspect, provided is a process for assembling a tube heat exchanger 

assembly including providing an elongated heat exchanger enclosure having an interior 

chamber and defining a longitudinal axis and having an open cylindrical channel end. A 

closure assembly is provided having a locking assembly configured to secure to the open 

cylindrical channel end of the elongated heat exchanger enclosure. The locking assembly of 

the closure assembly is inserted into the open cylindrical channel end axially along the 

longitudinal axis of the interior chamber of the heat exchanger such that load bearing surfaces 

of each of the closure assembly and an interior wall of the elongated heat exchanger 

enclosure do not contact one another. The closure assembly is turned about the longitudinal 

axis of the elongated heat exchanger enclosure to cause the locking assembly to removably 

secure to a cooperating locking assembly provided on the interior wall of the elongated heat 

exchanger enclosure to cause the load bearing surfaces to contact one another such that a load 

is transferred between the closure assembly and the elongated heat exchanger. Additionally, 

the process for assembling the tube heat exchanger may further one or more of the following: 

i) the closure assembly is turned less than 360 degrees to cause the locking assembly of the 

closure assembly to removably secure to the cooperating locking assembly provided on the 

interior wall of the elongated heat exchanger enclosure; ii) the locking assembly of the 

closure assembly and the locking assembly provided on the interior wall of the elongated heat 
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exchanger enclosure cooperatively form a bayonet locking assembly iii) the bayonet locking 

assembly including a plurality of spaced-apart lock ring hub sections provided on an outer 

surface portion of the closure assembly and a plurality of spaced-apart lock ring hub sections 

provided on the interior wall of the elongated heat exchanger enclosure configured to 

interdigitate with corresponding channel hub sections formed on the closure assembly; iv) 

prior to inserting the locking assembly, inserting a tube sheet gasket into the open cylindrical 

channel end axially along the longitudinal axis of the elongated heat exchanger enclosure to 

be positioned adjacent a channel shoulder configuration formed in the elongated heat 

exchanger enclosure, inserting a tube sheet into the open cylindrical channel end axially 

along the longitudinal axis of the elongated heat exchanger enclosure to be positioned 

adjacent the tube sheet gasket so as to define a shell side and a channel side within the 

interior chamber of the elongated heat exchanger enclosure, wherein the interior chamber is 

configured to removably receive a tube bundle positioned within the shell side of the interior 

chamber, inserting an annular sleeve member into the open cylindrical channel end axially 

along the longitudinal axis of elongated heat exchanger enclosure to be positioned adjacent 

the tube sheet, inserting an elastic torsion member into the open cylindrical channel end along 

the longitudinal axis of the elongated heat exchanger enclosure so as to be positioned 

adjacent the sleeve member, inserting a bearing ring into the open end of the cylindrical 

channel along the longitudinal axis of the elongated heat exchanger enclosure so as to be 

positioned adjacent the elastic torsion member, and inserting a diaphragm into the open end 

of the cylindrical channel along the longitudinal axis of the elongated heat exchanger 

enclosure so as to be positioned adjacent the bearing ring; v) adjusting a plurality of first 

outer elongate compression members provided along an outer radius portion of the closure 

assembly which extend in the closure assembly coaxially along longitudinal axis of the 
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closure assembly so as to transmit a force to a first compression ring, which transmits a force 

to a rim portion of the diaphragm and the diaphragm gasket so as to compress the diaphragm 

gasket against the diaphragm, and adjusting a plurality of second inner elongate compression 

members provided along an inner radius portion of the closure assembly which extend in the 

closure assembly coaxially along longitudinal axis of the closure assembly so as to transmit a 

force to a second compression ring, which transmits a force against a portion of the 

diaphragm causing a portion of the diaphragm to deflect distal from the closure assembly and 

towards the elastic torsion member of heat exchanger assembly when the closure assembly is 

secured to the heat exchanger enclosure; vi) wherein the tube sheet, sleeve member, first and 

second compression rings, closure assembly, and each of the first and second elongate 

compression members are configured to remain elastic up to or above a total axial load from 

preload, thermal and pressure loads when the closure assembly is secured to the heat 

exchanger enclosure; vii) wherein when the elongate compression members are preloaded, 

the compression members impart the preload through a first axial load path to a first contact 

area of the elastic torsion member, which transmits the preload through a torsional load path 

through the elastic torsion member to a second contact area of the elastic torsion member, 

which transmits the preload through a second axial load path to a tube sheet gasket; viii) 

wherein the torsional load is resisted by an increase in stress and a torsional rotation enabling 

the first contact area of the elastic torsion member to move towards the tube sheet; ix) 

wherein the closure assembly includes positioning a cylindrical shaped cover member having 

an outer diameter to be secured concentric with an interior portion of a cylindrical shaped 

lock ring member defining a cylindrical outer surface portion and a cylindrical shaped 

interior portion wherein the outer surface portion is provided with the locking assembly of the 

closure assembly.  
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[0025] In still another aspect, provided is a closure assembly configured to removably 

secure to an open channel end of an interior chamber of a heat exchanger assembly including 

a cylindrical shaped lock ring member defining a cylindrical outer surface portion and a 

cylindrical shaped interior portion. The outer surface portion is provided with a plurality of 

spaced-apart lock ring hub sections configured to interdigitate with corresponding channel 

hub sections formed on a cylindrical inner surface portion of the heat exchanger assembly. A 

cylindrical shaped cover member secured is concentric with the interior portion of the lock 

ring member. Additionally, the closure assembly may further one or more of the following: 

i) wherein the cover member is removably secured to the lock ring member with the lock ring 

member having an inner diameter surface with a shoulder configuration configured receive a 

cooperating shoulder configuration provided on an outer diameter surface of the cover 

member; ii) each lock ring hub section extends at prescribed angle extending from the outer 

surface portion of the lock ring member configured to interdigitate with corresponding angled 

hub sections provided in each channel hub section formed on the cylindrical inner surface 

portion of the heat exchanger assembly; iii) an upwardly extending flange member provided 

on the lock ring member configured to stop rotation of the closure assembly into the interior 

chamber of the heat exchanger assembly; iv) a diaphragm configured to be positioned 

adjacent to the lock ring and cover members; v) a plurality of adjustable outer elongate lock 

ring compression members removably securable in the lock ring member, each outer elongate 

lock ring compression member passing through a respective hole coaxially formed with a 

longitudinal axis in the lock ring member so as to transmit a force to a first compression ring, 

which transmits a force to a rim portion of the diaphragm, and a diaphragm gasket 

compressed against the diaphragm such that the diaphragm is positioned intermediate the 

diaphragm gasket and the first compression ring member through adjustment of the outer 
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elongate lock ring compression members when the lock ring member is removably secured to 

the interior chamber of the tubular heat exchanger assembly; vi) a plurality of inner 

adjustable elongate cover compression members removably securable in the cover member, 

each inner elongate cover compression member passing through a respective hole coaxially 

formed with a longitudinal axis in the cover member so as to transmit a force to a second 

compression ring, which transmits a force against a portion of the diaphragm causing a 

portion of the diaphragm to deflect distal from the cover member and towards the interior 

chamber of heat exchanger assembly when the closure assembly is removably secured to the 

open end of the interior chamber of the heat exchanger assembly; vii) wherein the first and 

second compression rings, compression rods and compression bolts are configured to remain 

elastic up to or above a total axial load from preload, thermal and pressure loads when the 

closure assembly is removably secured to the open end of the interior chamber of the heat 

exchanger assembly; viii) wherein the outer surface portion of the lock member is provided 

with an upstanding grove formed substantially perpendicular to the longitudinal axis of the 

lock ring member configured to slidably receive in a corresponding notch formed in the inner 

surface portion of the heat exchanger assembly perpendicular to the longitudinal axis of the 

heat exchanger axis for facilitating insertion of the lock ring member in the inner surface 

portion of the heat exchanger assembly.  

[0026] In yet still another aspect, provided is an operation method for a heat exchanger 

assembly having a tubular heat exchanger enclosure configured for accommodating 

differential thermal expansion of internal components in an interior chamber of the heat 

exchanger enclosure during heating and cooling sequences, including receiving a preload 

with an elastic torsion member within the interior chamber of the heat exchanger enclosure 

such that the elastic torsion member receives a torsional load and elastically deflects to 
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accommodate the preload. A thermal load is received with the heat exchanger assembly to 

differentially thermally expand the internal components in the interior chamber of the heat 

exchanger enclosure such that the torsional load received by the elastic torsion member 

increases and further elastically deflects to accommodate the thermal load. Additionally, the 

operation method for a heat exchanger may further one or more of the following: i) receiving 

a pressure load within the interior chamber of the heat exchanger enclosure that reduces the 

torsional load received by the elastic torsion member by elastically deflecting a closure 

assembly removably attached to the heat exchanger enclosure and relaxing the elastic torsion 

member to accommodate the pressure load; ii) wherein the differentially thermally expanding 

the internal components comprises accommodating differential thermal expansion of at least 

the bearing ring, elastic torsion member, sleeve member and tube sheet without causing 

plastic deformation of at least the bearing ring, elastic torsion member and sleeve member; ii) 

wherein elongate compression members are used to preload the elastic torsion member such 

that the compression members impart the preload through a first axial load path to a first 

contact area of the elastic torsion member, which transmits the preload through a torsional 

load path through the elastic torsion member to a second contact area of the elastic torsion 

member, which transmits the preload through a second axial load path to a tube sheet gasket; 

iii) wherein the elastic torsion member is configured to pivot at the first contact area where 

the elastic torsion member contacts a sleeve member and at the second contact area where the 

elastic torsion member contacts a bearing ring; iv) inserting a tube sheet gasket into an open 

cylindrical channel end axially along the longitudinal axis of the elongated heat exchanger 

enclosure to be positioned adjacent a channel shoulder configuration formed in the elongated 

heat exchanger enclosure, inserting a tube sheet into the open cylindrical channel end axially 

along the longitudinal axis of the elongated heat exchanger enclosure to be positioned 
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adjacent the tube sheet gasket so as to define a shell side and a channel side within the 

interior chamber of the elongated heat exchanger enclosure, wherein the interior chamber is 

configured to removably receive a tube bundle positioned within the shell side of the interior 

chamber, inserting an annular sleeve member into the open cylindrical channel end axially 

along the longitudinal axis of elongated heat exchanger enclosure to be positioned adjacent 

the tube sheet, inserting an elastic torsion member into the open cylindrical channel end along 

the longitudinal axis of the elongated heat exchanger enclosure so as to be positioned 

adjacent the sleeve member, inserting a bearing ring into the open end of the cylindrical 

channel along the longitudinal axis of the elongated heat exchanger enclosure so as to be 

positioned adjacent the elastic torsion member; and inserting a diaphragm into the open end 

of the cylindrical channel along the longitudinal axis of the elongated heat exchanger 

enclosure so as to be positioned adjacent the bearing ring; and v) affixing a closure assembly 

to an open end portion of the interior chamber, the closure assembly including a deflectable 

diaphragm and bearing ring and further including a mechanism for imparting the preload to 

the elastic torsion member.  

[0027] These and other unique features of the closure assembly disclosed herein will 

become more readily apparent from the following description and the accompanying drawings.  
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] So that those having ordinary skill in the art to which the disclosed systems and 

methods appertain will more readily understand how to make and use the same illustrating 

various non-limiting, example, inventive aspects in accordance with certain illustrated 

embodiments, reference may be had to the drawings wherein: 

[0029] Figure 1A illustrates a partial cross-sectional view of a prior art tubular heat 

exchanger and closure assembly as described in U.S. Pat. No. 4,750,554; 

[0030] Figure 1B illustrates a partial cross-sectional view of a tubular heat exchanger and 

closure assembly which has been constructed in accordance with an illustrated embodiment; 

[0031] Figure 2 illustrates an exploded partial cross-sectional view of Figure 1B depicting 

an elastic torsion member in accordance with an illustrated embodiment.  

[0032] Figure 3 illustrates a exploded partial cross-section view of a compressed diaphragm 

seal in accordance with an illustrated embodiment; 

[0033] Figure 4 illustrates a partial perspective view of a lock ring member of Figure 1B in 

accordance with an illustrated embodiment; 

[0034] Figure 5 illustrates a partial perspective view of the inner diameter of the open 

channel end portion of the heat exchanger of Figure IB; 
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[0035] Figure 6 illustrates a partial perspective view of the lock member of Figure 4 linearly 

inserted into the open channel end portion of the heat exchanger of Figure 5 in accordance with 

an illustrated embodiment; 

[0036] Figure 7 illustrates a partial cross-sectional view of a tubular heat exchanger and 

closure assembly having multiple elastic torsion members in accordance with another illustrated 

embodiment; and 

[0037] Figure 8 illustrates partial cross-sectional view of B-style heat exchanger closure 

plug assembly in accordance with another illustrated embodiment.  

DETAILED DESCRIPTION CERTAIN EMBODIMENTS 

[0038] The present invention is now described more fully with reference to the 

accompanying drawings, in which certain illustrated embodiments of the present invention are 

shown. The present invention is not limited in any way to the illustrated embodiments as the 

illustrated embodiments described below are merely exemplary of the invention, which can be 

embodied in various forms, as appreciated by one skilled in the art. Therefore, it is to be 

understood that any structural and functional details disclosed herein are not to be interpreted as 

limiting, but merely as a basis for the claims and as a representative for teaching one skilled in 

the art to variously employ the present invention. Furthermore, the terms and phrases used 

herein are not intended to be limiting but rather to provide an understandable description of the 

invention.  

[0039] Unless defined otherwise, all technical and scientific terms used herein have the 

same meaning as commonly understood by one of ordinary skill in the art to which this 
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invention belongs. Although any methods and materials similar or equivalent to those described 

herein can also be used in the practice or testing of the present invention, exemplary methods 

and materials are now described. All patents publications mentioned herein are incorporated 

herein by reference to disclose and describe the methods and/or materials in connection with 

which the publications are cited.  

[0040] It must be noted that as used herein and in the appended claims, the singular forms 

"a", "an," and "the" include plural referents unless the context clearly dictates otherwise. Thus, 

for example, reference to "a stimulus" includes a plurality of such stimuli and reference to "the 

signal" includes reference to one or more signals and equivalents thereof known to those skilled 

in the art, and so forth.  

[0041] Well-known components, materials or methods are not necessarily described in great 

detail in order to avoid obscuring the present disclosure. Any specific structural and functional 

details disclosed herein are not to be interpreted as limiting, but merely as a basis for the claims 

and as a representative basis for teaching one skilled in the art to variously employ the invention.  

[0042] The present disclosure now will be described more fully, but not all embodiments of 

the disclosure are necessarily shown. In addition, many modifications may be made to adapt a 

particular situation or material to the teachings of the disclosure without departing from the 

essential scope thereof.  

[0043] It is to be appreciated the present invention overcomes many of the problems 

associated with prior art heat exchanger closure assemblies. For instance, with reference to 

Figure 1A, depicted is a prior art closure assembly for a shell-and-tube heat exchanger which as 

described in U.S. Pat. No. 4,750,554. Illustrated is a section of a shell-and-tube heat exchanger 

with a shell and a channel containing a tubular bundle. The channel has ports providing access 

23



WO 2019/183176 PCT/US2019/023097 

for fluid to enter and exit the tubes of the bundle. The end closure assembly or "plug" consists 

of lock ring 9 and cover 19, which incorporates a diaphragm 8 and diaphragm gasket 10. The 

closure plug assembly is removable, so as to enable insertion and withdrawal of a removable 

tubular bundle whilst also being capable of maintaining a tight seal and absorbing the resulting 

loads under high pressure. The open channel of the heat exchanger is closed at its end by the 

closure plug assembly (i.e. cover 19 and lock ring 9). The lock ring member 9 contains a 

mechanism to seal the exchanger channel against a diaphragm 8 by compressing a gasket 10 

using bolts 11 and a compression ring 20.  

[0044] The shell side fluid is separated from the channel fluid entering the tubes (not 

shown) by a tube sheet 1 and a tube sheet gasket 6. Typically, the heat exchanger requires a 

partition assembly to accommodate a two pass tube side flow arrangement. The partition 

assembly may include a sleeve member 2, a partition plate 3, a partition cover 4, and/or a ring 17 

to direct fluid from a channel inlet nozzle through two or more tube passes to an outlet port.  

Those skilled in the art will appreciate that the partition may be applied to either the inlet or the 

outlet.  

[0045] With continuing reference to the prior art heat exchanger of Fig. 1A, lock ring 

member 9 is secured against the channel of the shell of the heat exchanger using threads - the 

lock ring 9 being provided male threads and the channel being provided with corresponding 

female threads. It is to be understood and appreciated the threads are load bearing surfaces such 

that when the heat exchanger is being assembled, the threads absorb the bolt pre-load. Further, 

during operation of the heat exchanger, hydrostatic load is applied to the plug cover assembly 

19, which in turn is transferred directly to the aforementioned threads.  
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[0046] With reference now to Fig. IB, illustrated is a partial cross-sectional view of a 

tubular heat exchanger and closure assembly which has been constructed in accordance with an 

illustrated embodiment of the present invention, referenced generally by numeral 100. Similar 

to the prior art heat exchanger of Fig. 1A, heat exchanger 100 is a shell-and-tube heat exchanger 

that includes an enclosure 70 with the enclosure 70 having a shell member 15 integrally formed 

with or joined to a channel member 7 with the enclosure 70 configured to receive a tube bundle 

(not shown). The heat exchanger channel member 7 preferably has at least two ports providing 

access for fluid flow to enter and exit the tubes of the inserted bundle. The end closure assembly 

or "closure plug" preferably consists of annular lock ring member 9, compression rings 21 and 

22, and annular cover member 19. Further included is a diaphragm 8 and a diaphragm gasket 

10. The closure plug is removable, so as to enable insertion and withdrawal of a removable 

tubular bundle whilst also being capable of maintaining a tight seal and absorbing the resulting 

loads under high pressure during operation of the heat exchanger 100. The open end portion of 

the channel member 7 is closed (sealed) by the closure plug (e.g., the cover 19 and lock ring 9).  

The lock ring member 9 preferably contains means to seal the heat exchanger channel 7 against 

the diaphragm 8 by compressing gasket 10 using bolts 12, push rods 14 and compression ring 

21. As shown in Fig. IB, the cover member 19 is removably secured to the lock ring member 

9 such that the lock ring member 9 has an inner diameter surface preferably formed with a 

countersink configuration configured to receive a cooperating countersink configuration 

provided on an outer diameter surface of the cover member 9. In accordance with the 

illustrated embodiments, the smallest inner diameter of the cover member 19 is preferably 

less than the largest outer diameter of the lock ring member 9 to form the countersink 

configuration therebetween.  
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[0047] With continuing reference to Fig. IB, shell side fluid flow is separated from channel 

fluid flow entering the tubes (not shown) by a tube sheet 1 and tube sheet gasket 6. The heat 

exchanger 100 typically requires a partition assembly to accommodate a two pass tube side flow 

arrangement. However those skilled in the art will appreciate that inventive aspects of the 

present disclosure can be used with single pass heat exchangers or heat exchangers with more 

than 2 passes. The partition assembly includes in this embodiment a sleeve member 2, partition 

plate 3, and a partition cover 4 to direct fluid from the channel inlet nozzle through two or more 

tube passes to the outlet port. It is the be understood the partition may be applied to either the 

inlet or the outlet.  

[0048] The lock ring member 9 of the closure plug assembly is secured against the open end 

portion of the channel 7 of the shell of the heat exchanger 100 preferably using a bayonet style 

locking assembly preferably consisting of formed hub sections 23A and 23B. With reference 

now to Figs 4-6 (and with continuing reference to Fig. 1B), the lock ring member 9 is preferably 

formed with hub sections 23A formed on the circumferential outer surface portion of the ring 

member 9, with each hub section 23A separated by semi-cylindrical non-hubbed sections 24A.  

Similarly, an open end portion of the channel 7 of the heat exchanger 100 is preferably formed 

with hub sections 23B formed on an inner circumferential end portion of the heat exchanger 

channel 7 separated by semi-cylindrical non-hubbed sections 24B. The plurality of spaced

apart lock ring hub sections 23A of the lock ring 9 are configured to interdigitate with 

corresponding channel hub sections 23B formed on a cylindrical inner surface portion of the 

channel 7 of the heat exchanger 100.  

[0049] In accordance with the illustrated embodiments, during assembly of the closure 

plug member (e.g., the ring member 9 and cover member 19) within an end portion of the 

channel 7 of the heat exchanger 100, the lock ring member 9 is inserted into the open 
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cylindrical channel end 7 coaxially along the longitudinal axis of the interior chamber of the 

heat exchanger 100 such that the load bearing surfaces of each of the ring member 9 and the 

inner diameter of the open cylindrical channel end 7 of the heat exchanger 100 such that no 

load is transferred between the ring member 9 of closure plug assembly and the heat 

exchanger 100, in contrast the aforementioned prior art strutures and methods. Only after the 

lock ring member 9 is turned for locking engagment with the the elongated heat exchanger 

100 is there a transfer of load from the heat exchanger 100 to the closure plug member. This 

is accomplished by turning the ring member 9 of the closure plug assembly about the 

longitudinal axis of the interior chamber of the elongated heat exchanger 100 to cause the 

hubs sections 23A of the ring member 9 to removably secure with cooperating hub sections 

23B provided on the inner diameter of the open cylindrical channel end 7 of the heat 

exchanger 100 faciliating the transfer of load from the channel 7 of the heat exchanger 100 to 

the ring member 9 of the closure plug assembly. Is to be appreciated the ring member 9 is 

turned less than 360 degrees to cause the hub sections 23A of the ring member to removably 

secure (interdigitate) with the corresponding hub sections 23B formed on an inner diameter 

portion of the open cylindrical channel end 7 of the heat exchanger 100. In one embodiment, 

the ring member 9 is turned approximately 22.5 degrees wherein each hub section 23A and 

23B extends approximately 22.5 along the circumference portion of the ring member 9 and 

the open cylindrical channel end 7 of the heat exchanger 100 they are respectively formed on.  

[0050] In other embodiments, it is to be further appreciated that the lock ring member 9 

and cover member 19 may be integrated into singular unitary component. Additionally, in still 

other embodiments, the lock ring member 9 may be divided into two or more components. In 

further embodiments, the hub sections 23A and 23B may have a different shape or design at one 

portion of the lock ring member 9 relative to another.  
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[0051] In accordance with the illustrated embodiments, the aforesaid hub configuration may 

be configured in eight sections such that there are eight hubbed sections (23A and 23B) and 

eight unhubbed regions (24A and 24B) respectively provided on the ring member 9 and the 

inner diameter of the open cylindrical channel end 7 of the heat exchanger 100. However, 

those skilled in the art will readily appreciate that the number of hub regions can vary without 

departing from the inventive aspects of the present disclosure. For example, there may be 1, 2, 

3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 hubbed regions combined with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 

unhubbed regions.  

[0052] During assembly of the closure plug with the open channel 7 of the heat exchanger, 

and in contrast to above described prior art, the load bearing surfaces of the hubs 23A and 23B 

are not damaged during insertion of the closure plug assembly into the heat exchanger channel 

7. This arrangement also ensure proper alignment of the diaphragm 8 relative to the heat 

exchange channel 7. Additionally, it is to be appreciated that the aforesaid hub sections 23A and 

23B may be formed (e.g., machined) with a thread pitch such that the closure plug assembly 

advances axially inwards in the channel 7 of the heat exchanger 100 as it is rotated.  

[0053] With continuing reference to Figs 4-6, and in accordance with certain embodiments, 

an upstanding rail member 25 is formed adjacent to the channel hubs 23B, or lock ring hubs 

23A, or both, to prevent the hubs 23A, 23B from contacting any of the metal surfaces during 

insertion. It is to be appreciated that providing rails 25 on the lock ring member 9 may be 

preferred since fabrication may be easier as the lock ring 9 can be independently rotated whilst 

the channel 7 of the heat exchanger 100 cannot be independently rotated during fabrication.  

[0054] In accordance with further illustrated embodiments, an annular upstanding stop 

member 26 (flange) may be provided on the lock ring member 9 that corresponds to the location 
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of the diaphragm 8 referenced herein. The stop member 26 preferably extends around the outer 

circumference of the lock ring member 9 to ensure that the unhubbed slot shaped cavity that is 

formed when the lock ring 9 is rotated into place, is covered, and no foreign material can enter.  

It is noted this facilitates that the cover member 19 and diaphragm 8 are correctly positioned 

without the need to "estimate" based on external measurements. This is in contrast to prior art 

screw plug designs in which the location of the lock ring member was determined by the 

number of turns and the thread pitch which can introduce variation. It is to be appreciated that 

configuration of stop member 26 shown in Fig. 6 is to be understood as an illustrative 

configuration as other configurations may be provided to ensure that the unhubbed slot shaped 

cavity that is formed when the lock ring 9 is rotated into place, is covered, and no foreign 

material can enter.  

[0055] As shown in Figs 4-6, the hub sections 23A, 23B preferably align perpendicular to the 

longitudinal axis of the lock ring member 9 and the channel 7 of the heat exchanger 100. It is to 

be appreciated in other embodiments, the hub sections may be formed (e.g., machined) at an angle 

relative to the longitudinal axis of the lock ring member 9 and the channel 7 of the heat exchanger 

100 such that the lock ring member 9 advances a smaller distance into the channel 7 upon rotation 

of the lock ring member. It is to be further appreciated that hub size and shape for hub sections 

23A and 23B need not be identical for all hub sections contingent upon that the length of the lock 

ring member 9 and channel 7 assembly permit the lock ring member 9 to be freely inserted in the 

channel 7, and the hub sections 23A and 23B of the lock ring member 9 and channel 7 correspond 

with one another.  

[0056] With specific reference now to Fig. 6, the lock ring member 9 of the closure plug 

assembly is shown being inserted into the open end of the channel 7 of the heat exchanger. It is 

to be appreciated that the lock ring member 9 is inserted into channel 7 such that the unhubbed 

29



WO 2019/183176 PCT/US2019/023097 

regions 24A, 24B of the lock ring 9 and channel 7 respectively allow the hubbed regions 23A, 

23B to slide past. For example, the closure plug assembly may be loaded (the lock ring member 

9) into the heat exchange channel 7 at an angle of about 22.5 from the final locked orientation 

such that the unhubbed regions 24A, 24B of the lock ring 9 and channel 7 respectively allow the 

hubbed regions 23A, 23B to slide past such that load bearing surfaces are prevented from 

coming into contact by the rails. Once the closure plug member is fully inserted into the channel 

7 of the heat exchanger, it is rotated into a locked position. For instance, the closure plug 

assembly may be turned 22.5° clockwise into the locked position. This rotation can be 

accomplished in a number of ways, for instance using a bar bolted to the lock ring member 9 to 

provide sufficient leverage to turn the lock ring member 9 manually, or by the use of a cable 

attached to the lock ring member 9 and a crane to provide an upwards tangential force, or by the 

use of circular rack gears mounted to the heat exchanger channel 7 and a corresponding pinion 

gear mounted to the lock ring member 9, with a lever used to turn the pinion gear which in turn 

applies a tangential force to rotate the lock ring member 9. A further safety feature may be 

provided whereby a notch 27 is provided in one set of hubs of the lock ring member 9 and a 

corresponding guide notch 28 is formed in the open end portion of the channel 7 of the heat 

exchanger to ensure that the lock ring member 7 can only be inserted in one orientation relative 

to the channel 7.  

[0057] Referring to Figure 4, external markings on the lock ring 9 and channel 7 further 

emphasize the correct orientation of the lock ring member 9 and an upstanding stopper member 

29 may be formed in the open end portion of the channel 7 adjacent the unhubbed region 24B 

having a width wider than the width of an rail 27 provided in a hub sections 23A to ensure that 

the respective hubs 23A and 23B cannot accidentally rotate and engage prematurely during 
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insertion whilst also helping to guide the insertion of the lock ring 9 such that the hubs 23A and 

23B remain protected.  

[0058] With reference now to Figs. lB and 3, a diaphragm 8 is preferably engaged against 

the channel cover member 19 such that pressure load from fluid flow in the channel 7 of the heat 

exchanger is transmitted across the diaphragm 8 to the channel cover member 19. The pressure 

load on the channel cover member 19 is then transmitted to lock ring member 9. The channel 7 

is preferably sealed by a diaphragm gasket 10. The diaphragm gasket 10 is preferably 

compressed by a plurality of compression bolts 12 and push rods 14 (collectively "compression 

members") axially provided along an outer row of the lock ring member 9 which pass through 

threaded holes preferably formed in the lock ring member 9. These compression bolts 12 and 

push rods 14 transmit a force via a loose outer compression ring 21 provided intermediate the 

lock ring member 9 and diaphragm 8 to a rim portion of the diaphragm 8 and its diaphragm 

gasket10. It is to be understood that the inner row of compression bolts 11, 13 maybe located 

along the radius of either the annular cover member 19 or lock ring 9 member as required by the 

diameters of elastic torsion member 60 and bearing ring 50, as described below.  

[0059] It is to be appreciated the diaphragm 8 is configured to preferably deflect a certain 

amount under the bolt preloads and internal pressure whereby if the closure plug member 

assembly is not inserted far enough axially inwards in the channel 7 of the heat exchanger 100, 

then the outer row of push bolts 14 of the lock ring member 9 will need to be advanced further to 

cause the diaphragm gasket 10 to seal, and the inner row of push bolts 13 of the cover member 

19 will need to be advanced further to cause the tube sheet gasket 6 to seal, thereby causing the 

diaphragm 8 to deform to a greater extent when pressure is applied to the channel 7. During the 

time of manufacture dimensional checks can be performed to ensure that machining tolerances 

are acceptable to properly locate the closure. After manufacturing, shims can be added between 
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the diaphragm 8 and the closure plug assembly. Alternatively, the hubs on the closure plug 

assembly can be machined with a pitch such that the closure plug assembly advances axially 

inwards in the channel 7 of the heat exchanger 100 as it is rotated. By rotating the closure plug 

assembly until it contacts the diaphragm 8, then advancing the outer row of push bolts 14 to 

compress the gasket 21, then retracting the outer row of push bolts 14, the closure plug can be 

rotated further to minimize the gap between the closure plug assembly and the diaphragm 8.  

Once the dimensional check is performed, the closure plug assembly is inserted in a linear 

motion into the channel 7 of the heat exchanger 100, which may be accomplished using a fork 

lift truck, a crane or other combination of equipment already required for the handling of the 

tube bundle, thus no special tooling or equipment is necessary in contrast to the aforementioned 

prior art.  

[0060] During assembly, and with reference now to Figs. lB and 3, it is to be appreciated 

that when the inner row of compression bolts 13 of the cover member 19 are tightened, an axial 

load is transferred through push rods 11 to a loose (inner) compression ring 22 through 

diaphragm 8 to a tubesheet loading assembly consisting of a bearing ring 50, an elastic torsion 

member 60 and sleeve member 2 such that the tube sheet gasket 6 is compressed against the rear 

face of the tube sheet 1 and the shell 15. This axial load is referred to as the preload. It is to be 

appreciated that this preload prevent leaks due to the differential pressure between the shell side 

and tube side of the heat exchanger 100.  

[0061] It is to be further appreciated that the aforementioned tubesheet loading assembly 

preferably accommodates thermal loads which cause differential thermal expansion between the 

channel 7, tubesheet 1 and aforesaid tubesheet loading assembly (e.g., bearing ring 50, an elastic 

torsion member 60 and sleeve member 2). The differential thermal expansion is caused by two 

mechanisms. The first is when the channel 7 is cooler than the tubesheet 1 and tubesheet 
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loading assembly (e.g., bearing ring 50, an elastic torsion member 60 and sleeve member 2) due 

to the hot process fluid flow, which is in intimate contact with the internal components but 

largely shielded from the channel 7 by the sleeve member 2, and by the loss of heat in the 

channel 7 to the surrounding environment or by rapid changes in fluid temperature which cause 

the temperature of the relatively thin internal components to change at a faster rate than the 

comparatively thick channel. Such conditions will inevitably occur during start up (heating) and 

during an upset or plant trip and subsequent re-establishing of the operating temperature.. The 

second mechanism is when the material used for formation of the channel 7 has a lower thermal 

expansion coefficient than the materials used for the tubesheet 1 and tubesheet loading assembly 

(e.g., bearing ring 50, an elastic torsion member 60 and sleeve member 2). For instance, this is 

common when carbon steel is used for the channel 7 and stainless steel is used for components 

inside the heat exchanger.  

[0062] When the total thermal expansion of the tubesheet 1 and tubesheet loading assembly 

(e.g., bearing ring 50, an elastic torsion member 60 and sleeve member 2 ) is greater than the 

total thermal expansion of the channel 7, the resulting differential thermal expansion must be 

accommodated by deformation in the heat exchanger 100. Due to the relatively high stiffness of 

the channel 7 required for safe containment of pressure, the deformation primarily occurs in the 

relatively lower stiffness members in the tubesheet loading assembly (e.g., bearing ring 50, an 

elastic torsion member 60 and sleeve member 2). If the stresses caused by this deformation 

exceed the yield stress of the members, unrecoverable, or plastic, deformation results. The 

sleeve member 2, due to the presence of perforations formed therein for admitting fluid into the 

interior chamber of the heat exchanger 100, does not have uniform stiffness all around. Hence 

the thermal loads may result in uneven plastic deformation of the sleeve member 2 such that the 

load on the gasket 22 cannot be recovered simply by re-tightening the inner row of compression 
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bolts 13. When the thermal loads are returned to normal the remaining axial compression load 

in the tubesheet loading assembly (bearing ring 50, an elastic torsion member 60 and sleeve 

member 2 ) is reduced below the loads applied during the tightening of compression bolts 13 of 

the cover member. This load can be reduced below the minimum load required for sealing of 

tubesheet gasket 6 if the plastic deformation is severe enough. This results in an undesirable leak 

between the shell side and tube side of the heat exchanger 100.  

[0063] In accordance with the illustrated embodiments, to accommodate the differential 

thermal expansion without plastic deformation in the heat exchanger, provided is a compliant 

member, as now described. The complaint member is achieved through implementation of an 

elastic torsion member 60, as shown in Figs. 1B and 2. As shown, the annular elastic torsion 

member 60 preferably contacts at an outer circumference portion, at a first contact area 61, the 

sleeve member 2 on the side facing the tubesheet 1 in proximity to its outer radius, and contacts, 

at an inner circumference portion, the bearing ring 50, at a second contact area 63, on the side 

facing the diaphragm 8, in proximity to its inner radius. When the inner compression bolts 13 

are preloaded, axial forces are transmitted through the elastic torsion member 60 at its 

aforementioned contact areas 61 and 63. These forces applied at different radii upon the elastic 

torsion member 60 create a torsional load on the elastic torsion member 60 such that its an inner 

circumference is deflectable relative to its outer circumference in an axial direction for 

torsioning the elastic torsion member 60 such that this torsional load is resisted by an increase 

in stress and a torsional rotation which allows the outside radius of the elastic torsion member 60 

to move towards the diaphragm 8 of the closure plug assembly and its inside radius to move 

towards the tubesheet 1.  

[0064] It is to be appreciated the bearing ring 50 protects the diaphragm 8 from damage 

from contact with the elastic torsion member 60 during rotation. When the heat exchanger 100 is 
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in operation, pressure loads will reduce the load on the elastic torsion member 60 by deforming 

the closure plug assembly away from the tubesheet 1, but differential thermal expansion will 

increase the load. It is to be understood the elastic torsion member 60 is designed and 

configured to elastically deform up until a maximum required differential thermal expansion is 

reached. When loads during heat exchanger operation remain below this maximum threshold, 

the loads in the elastic torsion member 60 will return to the initial preload when thermal and 

pressure loads are removed. In accordance with the illustrated embodiments, the elastic torsion 

member 60 may be formed to have a deflection range between 25mm to 75mm - however the 

elastic torsion member 60 is not to understood to be limited to the aforesaid deflection range as it 

may be configured as a function of the scale of the dimensional size of the heat exchanger 100.  

However, if excessive differential thermal expansion is encountered, such as during an 

unintended thermal excursion of the process fluid, the elastic torsion member 60 deforms 

plastically to limit loads applied to the closure plug assembly for preventing failure of the 

closure plug assembly and/or the seal provided by the diaphragm 8. It is to be appreciated that 

when the thermal and pressure loads are removed, the loads on the elastic torsion member 60 

will drop below the initial preload, and may drop as low as zero. The elastic torsion member 60 

may be formed of materials that are not subject to corrosion, creep and loss of strength at high 

temperatures, preferably high-nickel alloys including (but not limited to) Inconel 625 and 

Inconel718.  

[0065] With reference now to Fig. 2, illustrative relevant dimensions for design of the elastic 

torsion member 60 are now described. It is to be understood dimension "a" is the outside radius, 

dimension "b" is the inside radius, dimension "h" is the height, and dimension "t" is the thickness 

of the elastic torsion member 60. Dimension "a" is less than the inside radius defined by the 

channel 7 of the heat exchanger 100 so as to provide clearance for radial thermal expansion and 
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rotation under load. The ratio a/b is greater than 1 and preferably less than 3 for an axial load to 

create a torsional load in the elastic torsion member 60. The dimension "h" is approximately 50% 

of its elastic deflection limit when preload and operational loads (pressure and thermal) are 

applied. The dimension "t" is selected such that the axial load is below the maximum allowable 

load on the tubesheet gasket 6 when the elastic torsion member 60 is compressed by the sum of 

the preload displacement and design differential thermal expansion such that the elastic torsion 

member 60 deforms elastically. The material of the elastic torsion member 60 is selected such 

that the member will plastically deform above this maximum allowable load. It is to be 

appreciated that tubesheet 1, sleeve member 2, bearing ring 50, compression ring 22, 

compression rods 11 and compression bolts 13 are designed to remain elastic up to or above the 

total axial load from preload, thermal and pressure loads.  

[0066] It is to be appreciated that in the illustrated embodiments (e.g., Figs. 2 and 3), the 

elastic torsion member 60 is to be understood to have a quadrilateral cross-section having 

rounded corner portions. In alternative illustrated embodiments, other configurations of cross

sections for the elastic torsion member 60 may be used including a rectangular shape or a shape 

with generally rounded sides. Additionally, in the embodiments illustrated herein, the tubesheet 

loading assembly includes a single elastic torsion member 60. It is to be understood that some 

embodiments, in order to meet design requirements for minimum pressure applied to the 

tubesheet gasket 6 and maximum displacement applied to the diaphragm 8, the elastic torsion 

member 60 may be designed with a high stiffness such that the maximum thermal expansion 

cannot be accommodated without plastic deformation. In such an instance, more than one 

elastic torsion members 60 may be stacked in series to increase the thermal expansion capacity.  

For instance, Fig. 7 illustrates a design using three elastic torsion members 60. It is to be 

appreciated that when an odd number of elastic torsion members 60 is utilized, the inner 
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compression bolts (11, 13 and 22) may be in common bolt circle radius provided in the cover 

plate member 19. And when an even number of elastic torsion members 60 is utilized, the inner 

compression bolts are preferably located in the lock ring member 9 at a larger bolt circle radius.  

Additionally, in designs with multiple elastic torsion members 60, an alignment ring is 

preferably included for maintaining alignment with one another.  

[0067] With reference now to Fig. 3, illustrated is the behavior of the diaphragm 8 after 

preload of the compression bolts 13 and 14 and application of pressure from the channel 7 of the 

heat exchanger 100. As shown, at the diaphragm gasket 10, the compression ring 21 is 

displaced away from the lock ring member 9 of the closure plug assembly to compress the 

diaphragm 8 and diaphragm gasket 10. When pressure is applied from the channel 7 of the heat 

exchanger 100, the diaphragm 8 is deformed until it rests against the lock ring member 9 and 

cover plate member 19 in region 31. This creates an area with high bending strains in the 

diaphragm 8 at a radius smaller than that of the compression ring 21. In order to prevent rupture 

of the diaphragm 8, the compression ring 21 is preferably wider and formed with a curved 

surface to reduce the bending strains.  

[0068] Similar to the outer compression ring 21, the inner compression ring 22 is displaced 

away from the cover member 19 of the closure plug assembly to compress the diaphragm 8 and 

tubesheet loading assembly. As shown, the diaphragm 8 is bent around both sides of the inner 

compression ring 22 when pressure from the channel 7 of the heat exchanger is applied, creating 

two areas with high bending strains in diaphragm 8. In order to prevent rupture of the diaphragm 

8, the inner compression ring 22 may also be made wider and given a curved surface to reduce the 

bending strains.  
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[0069] With certain illustrated embodiments described above, it is to be appreciated that 

various non-limiting embodiments described herein may be used separately, combined or 

selectively combined for specific applications. Further, some of the various features of the 

above non-limiting embodiments may be used without the corresponding use of other 

described features. The foregoing description should therefore be considered as merely 

illustrative of the principles, teachings and exemplary embodiments of this invention, and not 

in limitation thereof.  

[0070] For instance, there are A-style and B-style breechlock closures. The above illustrated 

embodiments relate to the A-style which is typically used for feed effluent type applications 

where the shell side and tube side fluids are not independent such that the tube sheet can be 

designed for the differential pressure only. However, the illustrated embodiments are not to be 

understood to be limited to such an A-style breechlock closure as it also encompasses B-style 

closures in which the tube sheet is welded to the channel and there is no requirement to load a 

tube sheet gasket and hence no inner row of bolts, as shown for instance in Fig. 8. It is to be 

further understood that illustrated embodiments may be utilized with various prior art methods 

for accomplishing internal sealing.  

[0071] It is to be understood that the above-described arrangements are only illustrative 

of the application of the principles of the illustrated embodiments. Numerous modifications 

and alternative arrangements may be devised by those skilled in the art without departing 

from the scope of the illustrated embodiments, and the appended claims are intended to cover 

such modifications and arrangements.  
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CLAIMS 

1. A heat exchanger assembly comprising: 

an elongated tubular heat exchanger enclosure defining an interior 

chamber; 

a tube sheet positioned within the interior chamber of the elongated tubular 

heat exchanger enclosure and separating the interior chamber into a shell side and a 

channel side wherein the interior portion is configured to removably receive a tube 

bundle positioned within the shell side of the interior chamber; 

an annular sleeve member positioned within the channel side of the interior 

chamber of the elongated tubular heat exchanger enclosure; 

an annular elastic torsion member positioned within the channel side of the 

interior chamber of the heat exchanger with the sleeve member positioned between 

the tube sheet and the elastic torsion member, the elastic torsion member having an 

inner circumference deflectable relative to its outer circumference for torsioning the 

elastic torsion member; 

a partition assembly comprising the sleeve member positioned within the 

channel side of the interior chamber of the elongated tubular heat exchanger enclosure 

to direct fluid from a port extending through the elongated tubular heat exchanger 

enclosure to at least two or more tubes in a tube bundle; 

a tube sheet gasket positioned between the tube sheet and a shoulder 

formed within the interior chamber of the elongated tubular heat exchanger enclosure; 

and 

a bearing ring positioned within the interior chamber of the elongated 

tubular heat exchanger enclosure with the the elastic torsion member positioned 

between the sleeve member and the bearing ring.  

2. The heat exchanger assembly as recited in claim 1, further including at least two 

ports extending through the elongated tubular heat exchanger enclosure for allowing 

fluid to enter and exit the channel side of the interior chamber of the elongated tubular 

heat exchanger enclosure.  

3. The heat exchanger assembly as recited in claim 2, wherein the elastic torsion 

member is configured to deflect elastically up to an elastic deflection limit and deflect 
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plastically above the elastic deflection limit such that the elastic torsion member 

deflects elastically to accommodate differential thermal expansion and avoid damage 

to components of the heat exchanger when the heat exchanger is under preload and 

expected pressure and thermal loads.  

4. The heat exchanger assembly as recited in claim 3, wherein the elastic torsion 

member is configured to pivot at a first contact area where the elastic torsion member 

contacts the sleeve member and at a second contact area where the elastic torsion 

member contacts the bearing ring.  

5. The heat exchanger assembly as recited in claim 1, wherein the elastic torsion 

member has a quadrilateral cross-section having rounded corners.  

6. The heat exchanger assembly as recited in claim 1, further including a plurality of 

elastic torsion members stacked in series relative to one another.  

7. The heat exchanger assembly as recited in claim 5, wherein the elastic torsion 

member is configured to have an outer radius "A" and an inner radius "B", wherein 

the outer radius is less than an inner radius of a channel of the interior chamber 

configured to receive a tube bundle, wherein the ratio of "A" to "B" is less than 3.  

8. The heat exchanger assembly as recited in claim 7, wherein the elastic torsion 

member is configured to have a height "H" that is approximately 50% of its elastic 

deflection limit, and has a thickness "T" such that the elastic torsion member deforms 

plastically above its elastic deflection limit.  

9. The heat exchanger assembly as recited in claim 5, further including a closure 

assembly for sealing the channel side of the interior chamber of the elongated tubular 

heat exchanger enclosure, wherein the closure assembly includes a lock ring member 

and a cover member which are removably secured to the elongated tubular heat 

exchanger enclosure with a locking assembly.  

10. The heat exchanger assembly as recited in claim 9, wherein the locking assembly 

includes a plurality of spaced-apart lock ring hub sections configured to interdigitate 
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with corresponding channel hub sections formed on a cylindrical inner surface portion 

of the elongated tubular heat exchanger enclosure.  

11. The heat exchanger assembly as recited in claim 9, further including: 

a diaphragm positioned with the channel side of the interior chamber 

adjacent to the lock ring and cover members; and 

a diaphragm gasket compressed against the diaphragm when the lock ring 

member is removably secured to the elongated tubular heat exchanger enclosure.  

12. The heat exchanger assembly as recited in claim 11, the closure assembly further 

including: 

a plurality of first elongate compression members provided along an outer 

radius portion of the closure assembly so as to transmit a force to a first compression 

ring, which transmits a force to a rim portion of the diaphragm and the diaphragm 

gasket; and 

a plurality of second elongate compression members provided along an inner 

radius portion of the closure assembly so as to transmit a force to a second compression 

ring, which transmits a force against a portion of the diaphragm causing a portion of the 

diaphragm to deflect distal from the cover member and towards the elastic torsion 

member when the closure assembly is removably secured to the elongated tubular heat 

exchanger enclosure.  

13. The heat exchanger assembly as recited in claim 12, wherein the tube sheet, 

sleeve member, bearing ring, first and second compression rings, lock ring, and first and 

second compression members are configured to remain elastic up to or above a total 

axial load from preload, thermal and pressure loads when the closure assembly is 

secured to the elongated tubular heat exchanger enclosure.  

14. The heat exchanger assembly as recited in claim 13, wherein when the 

elongate compression members are preloaded, the compression members impart the 

preload through a first axial load path to a first contact area of the elastic torsion 

member, which transmits the preload through a torsional load path through the elastic 

torsion member to a second contact area of the elastic torsion member, which 

transmits the preload through a second axial load path to a tube sheet gasket.  
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15. The heat exchanger assembly as recited in claim 14, wherein: 

pressure loads from process fluids in the heat exchanger are within a 

normal prescribed threshold range, the elastic torsion member is configured to deform 

elastically enabling its outer circumference to axially move towards the closure 

assembly; 

pressure loads from process fluids in the elongated tubular heat exchanger 

enclosure reduce load on the elastic torsion member by deforming the closure 

assembly distal from the tube sheet; and 

the elastic torsion member is configured to deflect elastically up to an 

elastic deflection limit and deflect plastically above the elastic deflection limit such 

that the elastic torsion member accommodates differential thermal expansion to avoid 

damage to components of the heat exchanger when the heat exchanger is under preload 

and expected pressure and thermal loads.  

16. An operation method for a heat exchanger assembly comprising an elongated 

tubular heat exchanger enclosure configured for accomodating differential thermal 

expansion of internal components in an interior chamber of the elongated tubular heat 

exchanger enclosure during heating and cooling sequences, the method comprising: 

receiving a preload with an elastic torsion member within the interior 

chamber of the elongated tubular heat exchanger enclosure such that the elastic 

torsion member receives a torsional load and elastically deflects to accommodate the 

preload; and 

receiving a thermal load with the heat exchanger assembly to differentially 

thermally expand the internal components in the interior chamber of the elongated 

tubular heat exchanger enclosure such that the torsional load received by the elastic 

torsion member increases and further elastically deflects to accommodate the thermal 

load.  

17. The operation method of claim 16, further comprising: 

receiving a pressure load within the interior chamber of the elongated 

tubular heat exchanger enclosure that reduces the torsional load received by the elastic 

torsion member by elastically deflecting a closure assembly removably attached to the 

elongated tubular heat exchanger enclosure and relaxing the elastic torsion member to 
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accommodate the pressure load.  

18. The operation method of claim 16, wherein the differentially thermally expanding 

the internal components comprises accommodating differential thermal expansion of 

at least a bearing ring, elastic torsion member, sleeve member and tube sheet without 

causing plastic deformation of at least the bearing ring, elastic torsion member and 

sleeve member.  

19. The operation method of claim 16, wherein elongate compression members are 

used to preload the elastic torsion member such that the compression members impart 

the preload through a first axial load path to a first contact area of the elastic torsion 

member, which transmits the preload through a torsional load path through the elastic 

torsion member to a second contact area of the elastic torsion member, which 

transmits the preload through a second axial load path to a tube sheet gasket.  

20. The operation method of claim 19, wherein the elastic torsion member is 

configured to pivot at the first contact area where the elastic torsion member contacts 

a sleeve member and at the second contact area where the elastic torsion member 

contacts a bearing ring.  

21. The operation method of claim 16, further comprising: 

inserting a tube sheet gasket into an open cylindrical channel end axially 

along a longitudinal axis of the elongated tubular heat exchanger enclosure to be 

positioned adjacent a channel shoulder configuration formed in the elongated tubular 

heat exchanger enclosure; 

inserting a tube sheet into the open cylindrical channel end axially along 

the longitudinal axis of the elongated tubular heat exchanger enclosure to be 

positioned adjacent the tube sheet gasket so as to define a shell side and a channel side 

within the interior chamber of the elongated tubular heat exchanger enclosure, 

wherein the interior chamber is configured to removably receive a tube bundle 

positioned within the shell side of the interior chamber; 

inserting an annular sleeve member into the open cylindrical channel end 

axially along the longitudinal axis of the elongated tubular heat exchanger enclosure 

to be positioned adjacent the tube sheet; 
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inserting an elastic torsion member into the open cylindrical channel end 

along the longitudinal axis of the elongated tubular heat exchanger enclosure so as to 

be positioned adjacent the sleeve member; 

inserting a bearing ring into the open end of the cylindrical channel along 

the longitudinal axis of the elongated tubular heat exchanger enclosure so as to be 

positioned adjacent the elastic torsion member; and 

inserting a diaphragm into the open end of the cylindrical channel along 

the longitudinal axis of the elongated tubular heat exchanger enclosure so as to be 

positioned adjacent the bearing ring.  

22. The operation method of claim 16, further including affixing a closure 

assembly to an open end portion of the interior chamber, the closure assembly 

including a deflectable diaphragm and bearing ring and further including a mechanism 

for imparting the preload to the elastic torsion member.  
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