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(57) Abrégé/Abstract:

A system and method are disclosed wherein differential heat transfer resistances are used to effectively and efficiently detect the
early onset of deposit accumulation in industrial fluid processes and fluid transport vehicles. According to one embodiment, a probe
is provided in conjunction with a heat source, a water source and a probe. The probe is comprised of a heat transfer surface, a first
part of which is covered only by a thin roetai layer. The second or remaining portion of the heat transfer surface is covered by a heat
flux sensor and a thin metal layer. The metal layers of both the first and second areas of the probe are connected, and water flows
across the full heat transfer surface. Deposition forms on a portion of the heat transfer surface as a result of slow water flow and
elevated water temperature. The temperatures of the heat source, water source, and heat flux are measured. The deposition rate

as a rate of change of heat transfer resistance is measured.
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(57) Abstract: A system and method are disclosed wherein differential heat transfer resistances are used to effectively and effi-
ciently detect the early onset of deposit accumulation in industrial fluid processes and fluid transport vehicles. According to one
embodiment, a probe is provided in conjunction with a heat source, a water source and a probe. The probe is comprised of a heat
transfer surface, a first part of which is covered only by a thin roetai layer. The second or remaining portion of the heat transfer
surface is covered by a heat flux sensor and a thin metal layer. The metal layers of both the first and second areas of the probe are
connected, and water flows across the full heat transfer surface. Deposition forms on a portion of the heat transfer surface as a re-
sult of slow water flow and elevated water temperature. The temperatures of the heat source, water source, and heat flux are mea-
sured. The deposition rate as a rate of change of heat transfer resistance is measured.
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DEPOSITION SENSOR BASED ON

DIFFERENTIAL HEAT TRANSFER RESISTANCE

FIELD OF THE INVENTION

[0001] This invention is related to monttoring mineral and biofilm deposition in
industrial systems. With more particulanity, the invention refates to a means and a
method for monitoring and measuring mineral and biofilm depositions on equipment in

industriat fluid processing systems.

BACKGROUND OF THE INVENTION

[0002] Chemical and/or biclogical deposition 1n industrial fluid processes
adversely affects processing efficiency and can adversely impact manufacturing
processes, including operational downtime and potentially even plant shutdown. Itis
understood within the art that mineral and/or biofilm deposition in cooling towers, heat
exchangers and other fluid processing vessels reduces critical heat transfer efficiency,
decreases flow velocity and can potentially lead to stracture fatigue and crack formation.
Additionally, the maintenance of service water heat exchanger performance is g safety

1ssue for utility plants, especially nuctear power plaots.

[0003] The onset of mineral and/or biological deposits in industrial fluid
processes has been monitored by measuring either the temperature difference across a
heat transter surface or by measuring physical and chemical changes caused by
deposition on g clean surface immersed in the fluid by wav of electrochemical, optical,
spectroscopic or acoustic methods. Several monitoring svstems based on temperature
measurement are known and have been used to monitor mineral and biofilim deposition,
parficularty in heat exchangers and cooling towers. The heat transfer surface in many of
these systems is easy {0 set up and operate. Heat transfer resistance values are provided
for the simulated heat transfer surface, which can be correlated to, for example, the
overall heat transfer efliciency of heat exchangers. However, deposit monitoring based

on temperature measurement 18 subject to process variations such as changes in process
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temperature, flow veloeity and environmental temperature. For example, changes in
power supply to an electric heater in a side stream heat flux simulator can canse errors.
Unfortunately, because of the effect of process variables, many commercially avatlable
deposit monitoring systems lack the sensitivity required to detect the early onset of
deposit accumulation. Consequently, detecting the early onset of deposit accumulation in
a cost effective manner has heretofore been difficult to achieve.

[0004] Methods used to measure the physical and chemical changes caused by
deposition mclade optical transmittance, fluorescence, and quartz crystal microbalance.
The sensitivity of these methods is usually high. However, these methods require
refatively expensive instruments. Variations and process parameters affect the
measurements, and a heat transfer surface may not be easily incorporated.

fODO05] In US patent 4,326,164 a probe for monitoring the corrosion caused by a
corrosive medium is provided. The probe comprises a first corrodible resistance element,
a second corrodible resistance element having a temperature resistance characteristic
similar to that of the first element, each element being in the shape of’ a rectangular
prisin,, the thickness of the second element being greater than that of the first element.
[0006] LIS patent 7,077 563 discloses and claims a method for the measurement
of differential heat flux, compnsing the steps of (a) providing a heat transfer reference
surface; (b) providing a heat transfer fouling surface; {c) providing a heat transfer path
capable of transferring heat flux between the reference surface and the fouling surface;
{d) providing a pair of heat flux sensors, one sensors comnected to the reference surface
and the other sensor connected to the fouling surface; {e) measuring beat flux values
divectly from each sensor without having to measure temperature difference between the
sensors; () calculating differential heat flux data across the heat transfer path from the
heat flux values; (g) utilizing the differential heat flux data to detect and quantity deposit
accumudation at the fouling surface; and wherein the heat flux values at the reference
surface and the fouling surface both change in response to deposit accumulation at the
fouling surface.

[0007] A disadvantage of the above apparatus and method is the difficulty of
establishing a clean heat transfer surface 1n the same fluid as the heat transfer surface for

detection.
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[0008] Another problem to be overcome is that differential heat flux measurement

is subject to flow rate variation. For example, fouling resistance on an active or “in use”
detection surface 15 S versus 0 for the clean reference surface. Flow convective heat
transfer resistance 13 5 for both surfaces. The total heat transter resistances are 10 tor the
active detection surface and S for the clean surface, a ratio of 2:1. If convective heat
transfer resistance changes from 3 to | due to flow rate increase, and the total heat
transfer resistances are 6 for the detection surface versus 1 for the clean surface, then
what results is a ratio of 6:1. With total resistance ratio changing between the two
surfaces, the differential heat flux will change, yet not as a result of fouling.

[0009] Accordingly, a need exists for an improved system for the monitoring and
measurement of deposit accumulation in industrial fluid processes and fluid transport
vessels, which is not negatively affected by flow rate. It 15 destrable to bave a fast,
accurate and cost-effective system that is able to detect and measure the early onset of
chemical and /or biological deposition, while relatively insensitive to process variations

such as changes in process temperature, flow velocity and environmental temperature.

SUMMARY OF THE INVENTION

[0010] A system and method are disclosed wherein differential heat transfer
resistances are used to effectively and efticiently detect the early onset of deposit

accumudation in industrial fluid processes and tlnid transport vehicles.

[0011] According to one embodiment, a probe is provided in conjunction with a
heat source, a water source and a probe. The probe i1s comprised of a heat transfer
surtace, a first part of which is covered only by a thin metal layer. The second or
remaining portion of the heat transfer surface is covered by a heat flux sensor and a thin
metal layer. The metal layers of both the first and second areas of the probe are
connected, and water flows across the full heat transfer surface. Deposition forms on a
portion of the heat transter surface as a result of slow water flow and elevated water
temperature. The temperatures of the heat source, water source, and heat flux are

measured. The deposition rate as a rate of change of heat transfer resistance is measured.
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f0012] A further embodiment provides a system that comprises two probes,

wherein each probe is comprised of a heat transfer surface, a first part of each probe is
covered ouly by a thin metal layer and the second portion of the heat transter surface of
each probe is covered by a heat flux sensor and a thin metal layer, and further wherein
one probe has a low power supply heat source, the other probe has a high power supply
heat source. In this embodunent the deposition rate may be calculated as the rate of

change of differential heat transfer resistance.

[0013] A turther embodiment provides for a system comprising a probe, one heat
source and one water source. In this embodument, the probe 15 comprised of a heat
transfer surface, wherein the entire heat transfer surface is covered by heat flux sensor
awmd thin metal layer. Water flows across the heat transfer surface, and temperatures of the
heat source, water source and heat tlux are measured. Thereafter, deposition rate is

calculated as rate of change of heat transter resistance.

[0014] One embodiment provides a system that comprises two probes wherein the
entire heat transfer surface of both probes is covered by a heat Hux sensor and a thin
metal faver, wherein one probe comprises a low power supply heat source, and the other
probe comprises & high power supply heat source, In this embodiment, the deposition rate

is calculated as rate of change of differential heat transfer resistance.

[0015] The various features of novelty which characterize the invention are
pointed out with particularity in the claimes annexed o and forming a part of this
disclosure. For a better understanding of the invention, its operating advantages and
benefits obtained by its uses, reference is made to the accompanying drawings and
descriptive matter. The accompanying drawings are intended to show examples of the
many forms of the invention. The drawings are not intended as showing the limits of all
of the ways the invention can be made and used. Changes to and substitations of the
various components of the mvention can of course be made. The invention resides as
well in sub-combinations and sub-systems of the elements deseribed, and 1 methods of

using them.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Fig. 1 isa perspective view of a deposition sensor system in accordance

with one embodiment of the invention.

[0017] Fig. 2 is a demonstration of deposition forming at heat transfer surfaces

where water flows through a large cross-section area.

[0018]) Figure 3 is two designs of the deposition probe in accordance with

embodiments of the invention.

[0019]) Figure 4 is a graph demonstrating sensitivity of a probe in accordance with

one embodiment of the invention.

[0020] Figure 5 shows the results of a deposition probe according to one
embodiment of the invention and a commercially available Deposition Accumulation

Testing System put in serial i the same cooling tower side stream.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The singular forms “a,” “an” and “the” include plural referents unless the
context clearly dictates otherwise.

[0022] The modifier “about”™ used in connection with a quantity is inclusive of the
stated value and has the meaning dictated by the context (e.g., includes the degree of
error assoctated with measurement of the particular quantity ).

[0023] “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not oceur, or that the subsequently identified material may or
may not be present, and that the descuiption includes instances where the event or
circumstance occurs or where the material 1s present, and instances where the event or
circumstance does not occur or the material is not preseat.

[0024] A system and method are disclosed wherein differential heat transfer
resistances used to effectively and efficiently detect the early onset of mineral and/or
biological deposit accumulation in industrial fluid processes and fluid transport vehicles.
When deposits begin to accumulate mside the fluid or a vessel under inspection, changes

in heat transfer resistance occur. Since deposit accumulation leads to a change in the heat
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transter resistance of the pertinent heat transfer surface, it is possible to detect the onset
of deposit accumulation by measuring differential changes in heat transter resistances

that occur between the respective heat transfer surfaces.

[0025] According to one embodiment, a probe is provided in conjunction with a
heat source, a water source and a probe. In this embodiment, the probe is comprised of a
heat transfer surface, a first part of which 18 covered only by a thin metal layer. The
second and rematning portion of the heat transfer surface is covered by a heat flux sensor
and a thin metal tayer. The metal layvers of both areas are connected, and water flows
across the full heat transfer surface. As seen by example with the probe 100 in Figure 1, &
first portion of the heat transfer surface 110 is covered only by thin metal laver 120, the
second portion of the heat transfer surface 110 is covered by heat flux sensor 130 and a
thin metal layer 120, The thin metal laver 120 s connected across the entire probe. Water
flows across the probe, from a small cross-section area 150, where it contacts the area of
the first part of the probe 100 wherein the heat transfer surface 110 is covered by a thin
metal laver 120, and continues on to a larger cross-section area 160 where it contacts the
heat transter surface 110 of the probe that s covered by a heat flux sensor 130 and a thin
metal fayer 120. Deposition forms on the section of the probe 100 covered by a heat flux

sensor 130 and a thin metal layer 120 due to slow flow and elevated water temperature.

[0026] In order to determine the deposition formation, the temperatares of a heat
source (Th)y and water source {Tw), and heat flux via the heat flux sensor 130 (F2) are
measured. The deposition rate may then be calculated as the rate of change of heat

transfer resistance expressed as (Th-Tw)y/F2.

[0027] In a further embodiment, the system is comprised of of two probes,
whereint one probe has a low power supply heat source, the other probe has a high power
supply heat sowrce. 1o this embodiment, 1t 15 possible to calculate the deposition rate as
rate of change of differential heat ransfer resistance (Th_h-Tw_byF2 h - (Th_I-

Tw HWE2 1

[0028] An alternate embodiment comprises a probe, one heat source and one
water source. In this embodiment , the entive heat transfer surface of a probe is covered

by a heat flux sensor and thin metal laver, so that the surface of the probe 15 consistent

O
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across the length of the heat fransfer surface. Water flows from a small cross~section area
to a large cross-section area along the length of the probe. Temperature measurements of
the heat source {(Th) and water source {Tw), and heat flux {F) are taken. The deposition
rate may then be calculated as a rate of change of heat transfer resistance expressed as
{(Th-Tw)/F.

[0029] In a further embodiment, the device is comprised of two probes, wherein
one probe has a low power supply heat source, the other has a high power supply heat
source. In this embodiment, the deposition rate may be calculated as a rate of change of

differential heat transter resistance (Th_h-Tw _h)F b - (Th_FTw _D/F |

[0030] Fig 2 is a pictorial demonstration of deposition forming on the heat
transfer surfaces of probes in accordance with an embodiment of the present invention.
As shown, the deposition occurs where the water flows through a large cross sectional
area. As for Fig 3, it is a representation of two designs of deposition probes aceording to
an embodiment of the present invention. The probe 310, shows an embodiment wherein
a heat flux sensor 320 covers a first part or half of heat transfer area. The probe 320,
depicted on the tight of Fig. 3, i1s a depiction of a heat flux sensor 340 that covers the

entire heat transfer area, as an altemate embodiment of the present invention.

f0031) Heat flux sensors are available from a number of sources, for example
Omega Engineering, Inc. (Stamford, Connecticut). The sensors generated an electrical

signal indicative of changes 1 heat flux measured at the beat transter surfaces. The
sensors may be connected to a signal processing unit and display to process the
corresponding electrical signal generated by the sensors. Additionally, the heat source
that can be used to introduce a heat transfer surface includes, but is not limited to electric

heat, somic or electromagnetic radiation heat, and heat carrying process fluids.

f0032) The reason for using differential heat transfer resistance is to cancel the
effect of process vartations, such as changes in process temperature, flow velocity and
environmental temperature, Le (Th h-Tw h)yF h-(Th I-Tw /F I =R convective +
r_deposit_h - (R_convective +1_deposit 1) =r_deposit h-r _deposit 1. As shown by
Fig. 4, the environmental temperature was effected by just touching with a human finger.

As demonstrated graphically i Fig. 4 each time a finger toucheed the probe heat transfer
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surface, there was s 4 F temp increase and a 4 mV heat Hlux decrease, which resulted in a
12% resistance increase. Peel off the tap on probe surface results in a 12% resistance

decrease.

[0033] The present invention was shown to have enhanced performance over
what is currently available in the prior art. Fig § demonstrates the results of a deposition
probe according to one embodiment of the preseat invention versus a commercially
avatlable deposition accumulation testing system (DATS). Both systems were put in
serial combination in the same cooling tower side stream. It can be clearly seen that the
fouling probe according to the present invention is more sensitive and shows higher

responses than DATS,

[0034]) While the present invention has been described with references to
preferred embodiments, various changes or substitutions may be made on these
embodiments by those ordinarily skilled in the art perfinent to the present invention with
out departing from the technical scope of the present invention. Therefore, the technical
scope of the present invention encorpasses not only those embodiments described above,

but all that fall within the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A system for measuring deposition rate comprising a probe having:

i) a heat transfer surface defining a first portion and a second portion;

ii) a heat flux sensor covering said second portion of the heat transfer surface;

iii) a thin metal layer covering said heat flux sensor and said first portion of said
heat transfer surface;

iv) a heat source operatively associated with said probe and adapted to supply
heat to said heat transfer surface;

v) a water source operatively associated with said probe and adapted to provide
a flow of water along said heat transfer surface, wherein water flows from a small cross
sectional area contacting the first portion of the heat transfer surface to a larger cross
sectional area contacting the second portion of the heat transfer surface, said probe being
configured to measure the temperature of the heat source (Th), the temperature of the water
source {Tw), and the heat flux at the larger cross scctional arca (F2) and calculating the
deposition rate as the rate of change of heat transfer resistance expressed according to the

formula (Th)-(Tw)/(F2).

2. The system of claim 1 comprising two probes, wherein one probe has a

low power supply heat source and the other has a high power supply heat source.

3. The system of claim 2 wherein the deposition rate is cal‘culated as a rate
of change of differential heat transfer resistance according to the formula:

(Th_h-Tw_h)/F_h - (Th_I-Tw_)/F 1

wherein Th_h is the temperature of the heat source of a first of the two probes,
Tw _h is the temperature of the water source of the first of the two probes, and F_h is the
heat flux of the first of the two probes, Th_l is the temperature of the heat source of a
second of the two probes, Tw_l is the temperature of the water source of the second of the

two probes, and F_l is the heat flux of the second of the two probes.

CA 2778344 2017-08-11
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