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Abstract

Estimating the feasibility of intensifying thermal mechanisms in MSF plant is investigated by employing Enhanced
Tubing Test Apparatus for heat transfer characterization with conventional type. Utilizing actual Brine water, study
the influence of flow speeds on fouling pattern and the effect of tube diameter on its behaviour. Experimental results
are discussed for both smooth and corrugated tube, when applying fresh and real brine water on different tube
diameters 19.05, 23 and 29.5, on flow speeds 0.1, 0.1645 and 0.2398 m/s. Apparatus (A) has to be redesigned,
since problems were developed through its components. Difficulties revealed with former test-rig, are given a careful
consideration in assembly of a new one. The modified set-up facilities included a new configured design for the
steam condenser, equipped in such a way to minimize mentioned obstacles, dismantling faced problems associated
with; circulated pumps, boiler, flow meters and its place of fitting, careful identifying the tested tube characteristics, a
wise differentiation between properties of brine and fresh water, a creation of uniform steam temperature distribution
inside the rig, preventing a creation of two phase flow and simulating the actual circumstances in real desalination
platform. The continuous experimental running hours used by this designed test-rig(B) is 160 hrs. Use is made of
two horizontally mounted tubes through which the coolant solution is flowing. Corrugated and smooth tubes are
examined at a time to unify the tested conditions on both. The study is carried-out for two different coolants, fresh and
brine water. Examining effect of fouling on both corrugated and smooth tube, changing tube diameters and coolant
flow speeds on experimental data. Results are provided in the form of: overall heat transfer coefficient with fresh
and brine water vs. time for both tubes on different flow speeds, overall heat transfer coefficient with brine water vs.
time for both tubes on a critical coolant flow speed with various chosen tube diameters, asymptotic values of overall
heat transfer coefficient with fresh water vs. tube diameters for both corrugated and smooth on a critical flow speed,
asymptotic values of overall heat transfer coefficient with brine water vs. coolant flow speeds for both corrugated and
smooth with a chosen critical tube diameter and the tube fouling resistance vs. time, using tube diameter 23 mm and
coolant flow velocity 0.1 m/s. On global look this study is significant to provide a useful correlation; as the studied
tube diameter increased; with increasing flow speed expectation is for achieving a higher value of asymptotic overall

heat transfer coefficient.

Keywords: Heat Transfer; Smooth tube; corrugated tube; Condenser
Tubing; MSF system; Desalination

Introduction

Brine water use to flow inside the tubes of a condenser, while been
heated by the condensing steam on the outside of these tubes [1]. Foul-
ing are formed on the inside surface of the tubes, acting as thermal in-
sulation, decreasing the thermal efficiency of the system. The essence of
fouling influences on the performance of the smooth tube condenser
is investigated. Enhanced heat transfer technique is been suggested for
use to improve tubing heat transfer performance in MSF system. En-
hanced heat transfer surface has a special geometry, provides a higher
heat transfer coefficient or a wider surface per unit space area's than
a traditional design. Heat exchanger of refrigeration and automotive
industries are encountered enhanced heat transfer mechanisms in
their applications. Such technique can be used with any heat exchang-
er. However, each must be tested to see if this particular application
makes sense. Unfortunately all current MSF systems are designed using
smooth surface tubes, mainly because of finding the complexity effects
of fouled brine water on available heat transfer mechanisms. Enhanced
technique and fouling versus heat exchanger have been of interest for
a number of years and for a number of researchers [2-16]. The above
mentioned facts have influenced our research direction and thrown
lights on the current work. This includes: a) choosing our tube rough-
ened enhancement, b) study the effect of flow speed and tube diameter
on performance characteristic of the multi-stage flashing system and
¢) utilizing actual coolant brine, avoiding the use of artificial fouling
will not leads to misleading results. Achieving good results will support

current idea of trying enhanced tube surface on a distillation unit with
multi-stage flashing system. In other words, the approach of current
research programme is itemized to use a research rig that simulates one
stage of an MSF desalination heat exchange process. The feasibility of
enhanced heat transfer mechanism is assessed using actual brine water
that typifies real process conditions. The influence and effect of flow
speeds and tube diameter on tube performance and fouling resistance
are presented.. Future study is to examine the effect of both tube mate-
rial and diameter on fouling resistance. Formulation of fouling is by no
means an easy task due to the number/types of parameters involved.
Enhanced tubes have been discussed in many publications. The ana-
lytical treatment of these two subject areas is complicated. However, an
experimental study; fouling vs. smooth pipes and fouling vs. enhanced
pipes, provides the basic foundation for comprehension, with the pro-
spective formulation of an empirical engineering model to describe its
behaviour. Rudy T. M. [17] in his condensate retention test used an ap-
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paratus where condensation occurs inside a horizontal bell-jar that is
flanged to a flat brass back-plate. This provides a test cell that can be
pressurized. The test sections of integral-fin tube are approximately 51
mm long. Insulated 3.2 mm copper tubing carries the cooling water
through the back-plate to and from the test tube. A pan, positioned
under the test tube, collects the condensate to allow calculation of the
liquid loading and heat flux. Vapour is generated by a cartridge-heater
in the lower portion of the test cell. Thermocouples are inserted to mea-
sure the cooling water temperatures in and out. Chamra L. M. [18] in
his experimental work used an apparatus which is capable of testing
four 19 mm O.D,, or three 22 mm O.D., tubes simultaneously. The in-
strumentation includes an on-line data acquisition system driven by a
personal computer, which is used to measure thermostat and pressure
transducer outputs. The apparatus is designed to operate and record
data 24 hour/day. Heat is transferred to the tube long test sections by
condensing the coolant on the annulus side of the test section. Con-
densed coolant is returned to electric heated boilers. Wei Li [19] used
an apparatus to study the effect of fouling in enhanced tubes in cool-
ing tower systems. A fouling heat exchanger is connected in parallel
with the 250 ton chillers. The fouling test tubes are installed in the heat
exchanger. Eight special I.D. enhanced tube geometries are made by
Wolverine for the fouling tests.

In this paper the advantages of presented apparatus are; its system
capability to work precisely over 160 hour continuously with- out mal-
function, use of real brine water instead of artificial fouling, uniform
distribution of steam and so its temperature and eliminate the existence
of accumulated gases inside the steam drum. The aims of the approach
for current research can be itemized as follows: design a research rig
that simulates the desalination heat exchange process to study and as-
sess the feasibility of enhanced heat transfer mechanisms in MSF plant,
with: examining actual brine water that typifies real process conditions,
study the influence and effect of flow speeds as well as tube diameter on
fouling resistance [20-24]. Discussion is concerned with the design de-
velopment of our test-rig (A) to test-rig (B). A comparative analysis for
the overall heat transfer coefficient and fouling effects are obtained and
discussed on both designs. Reported measurements and results pro-
vide in global the methodology as well as parametrical interpretation,
where many new proposition, inquiry and problems had been identi-
fied. Also, discussion embraced some of these new problems. Revealed
suggestions and recommendations by the acquired test-results (A) are
given careful consideration in carrying-out the design, calibration and
measurements for test-rig (B).

Overall Heat Transfer Coeflicient

Reported equations by reference [1] display expression for overall
heat transfer coefficient, function of system properties as follow:

4 -1,

With, A is a nominal inside surface area, with4=7zD,L , D, is
tube inside diameter and L is a tube Length. 1 is coolant mass flow rate
and Cp = 4.2 kJ/kg °C for fresh water coolant, while Cp for brine wa-
ter is been calculated function of the temperature as given by [20].7
is saturated vapour temperature. 7, and 7 are coolant inlet and outlet
temperature respectively. Above system properties, 71, T, T, and T, are
determined by measurement. Consequently, overall heat transfer coef-
ficient U is determined from equation (I). Current experimental data
is recorded every half-minute for seven channels during test and these
data are averaged and printed out every half-hour for each channel. Figure
1 shows a condenser heat exchanger Tubing.
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Figure 1: Tubing of a Condenser Heat Exchanger [12].

Materials Copper-alloy
Sort Smooth
Dimensions Inner diameter (D,) =17.70 mm, Outer

diameter (D,) = 22.2 mm
Tube length (L) =1.0 m

Number of processed tubes 6 tube
Number of tubes for data correlations | 4 tube ( tube no.2,3,4, and 5, excluding
no.1 and 6)
Recorded rate of mass flow “m, * 0.522 1/ min
Flow Speed “V” 0.035 m/ sec
Fresh & Brine water inlet temperature 20 °C
“T,

bi

Table 1: Test tube information.
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Figure 2a: A Horizontal plan of Experimental Set-up [12].
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Figure 2b: A Longitudinal section of the tube [12].

Involved Parameters

The pre-measured parameters recorded during experiment are
common for both proceeding test rigs. These are fluid flow rate and its
inlet and outlet temperatures. Table 1 highlights the tested tube data
(test rig (A)).

Experimental Observations on Test-rig (A)

A complete lay-out test-rig facility with its axillaries is shown in
figure 2a. The apparatus consists mainly of a boiler, where usually the
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outlet steam is in a superheated condition, but to reach the rig in a satu-
ration status. Six horizontally mounted tubes through which the cool-
ant solution is flowing and the vapour condenses outside these tubes,
but inside a cubic box (1m x 1m x 1m) simulating the steam condenser.
These tubes are 1 m long, with a nominal (commercial) inside diameter
of % inch. Figure 2b shows a longitudinal section of the tube.

Plotted data & results

Experiment is done to show the temperature variation through
each tube the overall heat transfer variation through each with compar-
ing obtained values. The difference exists between fresh water and brine
collected data. Finally, is to show the effect of fouling on reducing the
value of the overall heat transfer.

When brine water is used, figure 3 shows the variation of U, as a
function of time for some chosen tubes. The declining of overall heat
transfer coeflicient for all tubes, with time, continues until approaching
the steady state conditions. While, when potable water is used, system
is approaching the quasi-equilibrium state as the time goes-on, with a
higher value of U, as shown in figure 4.

—@— TUBE No. 2
Smooth tube, Tg =115%, P¢=1.5 bar, - TUBE No.3
m, =0.522 kg/min —v - ;UBE No.4
C.=4.2kJ/kg°C,Ai=5.56* 102 m? —g - TUBENo.5

Where: D, =17.7 mm, D, = 22.2 mm, and L=1m,
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Figure 3: Overall Heat Transfer Coefficient for Brine Water vs. Time.
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Figure 4: Overall Heat Transfer Coefficient for Potable water vs. Time.

Sources of errors
Certainty Errors with sources given as:
a) Flow-meters:
« Reading a flow scale graduation is a source of error.

o Flow meters are fitted up-stream of the tested tubes. This could
cause unfilled tube with coolant, producing an error in measurements
and a vibrated locator line on scale graduation for the considered flow-
meter.

b) Flow temperature, range and thermocouples:

o Disregarded variation for any of the precedent given parameters
will accumulate to the deficiency of the measured coolant outlet flow
temperature.

« In the comparative analysis; fresh water in a smooth tube vs. brine
water in a like tube, where same temperature range is preferable in ap-
plication, to avoid deficient results.

o Thermocouple’s direction of insertion would be a source of error.
Example: Insertion in a perpendicular position to the direction of the

A lighted glass window

An outlet header

An outlet control valve
A backside tube opening flange
A thermocouple

A condensate drain valve

N o abhw N =

A backside steam inlet

Figure 5: An Overall Back View of Test Rig (B) [12].

Figure 6: Used Enhanced Tube [12].
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fluid flow will develop vortices around the tip and consequently pro-
ducing a bubbled flow.

¢) Inlet Temperature variation:

« Diversity of coolant inlet temperature is thoroughly due to:
» Wide variation of the seasonable ambient temperature.

» Employing a closed cycle of cooling water.

d) Back pressure to the flow:

The vertical assigned level of the down- stream header played role
with the existing accuracy of data results. The downstream header is to
be raised up vertically, in relative to the up-stream one, until certainty
that the tubes are filled fully with coolant.

e) Steam distribution:

Steam is introduced into test-rig through a single port on top of
the upper-side of the condenser. The design provides unsymmetrical
distribution of steam through-out the chamber.

f) Ventilation:

Coolant outlet temperature is significantly higher. Bubbles ex-
istence and appearance are due to entrainment of air into circulating
cooling system and bubbles accumulated inside the tested tubes. Bub-
bled flow altered the measurement characteristics of the main stream,
since it gives:

- Misleading temperature
- Misleading flow rate
g) Creation of two phase flow:

The problem of creating such flow is a result of using temperature
application, leads the fluid to boiling point.

h) Steady-state duration time period and how to be minimized.

I) Mutual heat transfer interaction.

J) Boiler and used circulating pump:

-Used type of boiler is the source of errors in measurement, where
many problems are countered during its service.

- Used type of pump, if not suitable for fouled water. Accordingly,
clogging is happened frequently when brine water took-place in circu-
lation.

The cubic box of test rig (A), simulating the steam condenser has to
be redesigned. Since, buckling as well as cracks developed in the plixcy-
glass (12 mm thickness) box’s wall due to the thermal stresses.

Experimental Observations on Test-rig (B)

An overall front view of test rig is shown in figure 5 with the type
of used tube is given in figure 6. The condenser consists of a drum,
cooling tubes evenly spaced in the drum and steam distribution pipe.
Location of simultaneous tested tubes; corrugated and smooth, are in-
dicated on a given schematic drawing of figure 7, where use is made of
two horizontally mounted tubes through which the coolant solution are
flowing. The design is capable for testing eight cooling tubes at a time to
unify the tested conditions. They distributed on an equal circular pitch
angle. This symmetrical distribution provides primary means for a uni-
form coolant temperature distribution. The rig frame is designed using
stainless steel 316 in two shells; outer and inner, thickness 2 mm, with
providing a thermal insulation in between, for the purpose of minimiz-
ing heat dissipation. Four windows built in the upper half of the con-
sidered shelled frame, with a heat resistance glass to help in watching
the development inside the condenser during the experimental activity.
A steam distribution pipe is located at the centre of the drum, contains
holes in its entire surface to distribute the vapour evenly along cooling
tubes. Coolant flow rate is measured by using a formed glass tube-type
flow meter. Flow rates are determined by reading the scale graduation
at centre of the float. Temperatures are to be taken by inserted thermo-
couples onto important points, where each thermo-couple is calibrated

Water Inlet

Water outlet

ge

e
®

B
©

‘l

i

Condensate Drain E

Figure 7: Schematic Drawing of Test Rig(B) [12].

1. |TestDrum

2 |SteamDistribution Tube

3 DrumPressure Gauge (Test Drum)
4 Steam Drum Inlet pressure gauge
5 Water Inlet Thermocouple

6 Inlet tube Control valve(2)

7 [inlet Header

8  [Main Inlet Header Valve

9  |Steam Inlet Valve

10  |Sight Glass Windows(4)

11 |insulation

12 |Lower Test Drum Thermocouple
13 [inner Shell

14 |Main outlet Header Valve

15 |Outler Header

16  |Steam Inlet Thermocouple

17 |Water Outlet Thermocouple

18  |Upper Test Drum Thermocouple
19  |Opening for Testing Tubes (8)

20  ([Testing Tubes (Corrugated)
21  |Outlet Shell

. 21  |Stainless Steel Frame
23 [Lamps (4)
24 [Testing Tubes (Smooth)
L] ] 25  |Condensate Drain Valve

26 |Inlet Venting Valve (3)
27  |Outlet Venting Valve (3)
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Figure 10: Variation of the overall heat transfer coefficient (U), with time
for corrugated tube with Brine water, on different tube diameters, and flow
velocity 0.2398 m/s.

and connected to a channel in the computer data card. Eight channels
are used in our case; four inside the condenser, one for boiler outlet,
one for coolant tube inlet, one for each coolant tube outlet, with out-
let temperature is expected to be less than 100°C. The test rig with its
auxiliary components is simulating actual environmental real life of
one stage heat exchange process in MSF desalination. The control sys-
tem consists of a controller, a measurement and control link units. The
controller and measurement units work together via control link units.
Software is prepared to form a flexible data measurement and control
system for up to 100 input channels. A provided software developed
package allows user to write his algorithm to optimize system to a par-
ticular application. The inside dimensions of the cylindrical box are: d
e =78 €m, L =110 cm. Steam is introduced to the condenser in-
through two central entrances. The steam distributor tubing inside the
condenser consists mainly of two overlapped tubes. The inner steam
tube is designed to scatter the steam whereas the outer one is built-in
for the purpose of avoiding a creation of steam jet, with distributing the
steam uniformly though out the condenser. For measuring the steam
temperature inside the cylindrical condenser, four thermo-couples
are built-in the rig; two on the upper half and two on the lower half.
Through this arrangement, it has been proved that the steam tempera-
ture is distributed uniformly equally throughout the rig “T " The tem-
perature is taken almost constant throughout the experiments. Where,
T, being adapted by controlling the steam supply valves. Appendix(A)
gives the experimental data recorded on the latest 10 hours of a certain
test. Used thermocouples are chosen to be capable of standing for cor-
rosive Medias, with covering the required range of measured tempera-
tures. Different tube diameters are considered for trial; 19.05, 23 or 29.5
mm. A data collection system is used in conjunction with this test rig.
Flow-meters are fitted downstream of tested tubes rather than upstream
to avoid previous cited problems. Bleeding valves are added throughout
the water circulation loop. A three different coolant flow velocity of 0.1,
0.1645 and 0.2398 m/s are examined. The study is carried-out for two
different coolants, fresh and brine water. Results are provided in the
form of: overall heat transfer coeflicient with fresh and brine water vs.
time for both tubes on different flow speeds, overall heat transfer coef-
ficient with brine water vs. time for both tubes on a critical coolant flow
speed with various chosen tube diameters, asymptotic values of overall
heat transfer coefficient with fresh water vs. tube diameters for both
corrugated and smooth on a critical flow speed, asymptotic values of
overall heat transfer coeflicient with brine water vs. coolant flow speeds
for both corrugated and smooth on a chosen critical tube diameter and
the tube fouling resistance vs. time, using a tube diameter 23 mm and
coolant flow velocity 0.1 m/s.

Justifications for the design of a novel model (B) of test-rig when
compared with previous literature studies:

o The continuous experimental running hours used by this de-
signed test-rig is 160 hrs.

o The cylindrical box simulated the steam condenser of test-rig, is
designed with following modifications: a new configuration of
steam distribution across the condenser is introduced, owning
to the symmetrical distribution and the type of used diffuser.
Resist buckling, as well as cracks due to the thermal stresses.
Regards is given enough to eliminate mutual heat transfer effect
between tubes. Since requirements are to dismantle the effect of
any inferior external heat would exposed on each tube.

o The design is to help-in reaching the quasi-equilibrium state in
a shorter period of time.

J Appl Mech Eng
ISSN:2168-9873 JAME, an open access journal

Volume 1 « Issue 1« 1000105



Citation: Kalendar A, Galal T, Al-Saftawi A, Zedan M, Karar SS, et al. (2012) Heat Transfer Characterization of Enhanced Condenser Tubes;
Comparison with Conventional Type, Utilizing a Developed Design for Test Apparatus. J Appl Mech Eng 1:105. doi:10.4172/2168-

9873.1000105

Page 6 of 8

o A creation of two-phase flow, with this design is much more
avoided.

o The applied flow speeds have been increased dramatically ow-
ing to the adjustable simulation of the actual circumstances in
real desalination platform. Flow speed in current experiment is
chosen to simulate the actual flow process. In actual platform
system, the condenser tube long is 17.7 m, with the associated
flow speed is 2 m/sec. In this rig, the pipe long is taken 1.10 m
with associated flow speeds are chosen as 0.1, 0.1645 and 0.2398
m /sec respectively.

o Used corrugated tube is of Wolverine Tube Inc.

o Two sorts of flow meters are used: a classical glass flow-tube
and a vortex type to fit the necessity of increased flow speed
accuracy.

o A higher discharge capability pump is installed, to overcome
the new set of selected range of flow velocities, in addition to re-
duced the problem of over-heating, by introduced an additional
pump on stand-by position, while minimized the running time
of each. Developed an automatic switching “on & off “electric
circuit to operate both pumps, with the capability of diminish-
ing elapsed interval time.

o A more sophisticated boiler than the former is considered for
use. Steam condition is adjusted a little superheated with tem-
perature <101°C to on atmospheric pressure to reach the rig in
saturated condition.

o Bleeding valves is being arranged in several consequence loca-
tions up-stream of the tested tubes.

o The flow meters are fitted on down-stream of the tested tubes,
rather than up-stream to avoid previous cited problems.

Procedures

In present work, tube material is aluminium-brass; with inside di-
ameters 19.05, 23 and 29.5 mm. Both smooth and corrugated with same
diameter are mounted onto the rig, tested simultaneously with same
coolant speed. To obtain required flow speeds on each, control valve
mounted on the inlet-side of each tube are adjusted sequentially. Upon
which, our model investigates three different flow speeds: 0.1, 0.1645
and 0.2398 m/s, in relevant to a tube length of 1100 mm.

Overall heat transfer coefficient & fouling resistance with re-
sults

Use is made of fresh water first on smooth tube, to gain experience
with the heat performance of enhanced versus smooth tube. Experi-
ment runs until achieving a constant value attained at steady state op-
eration “asymptotic value” after 16 hours. While it takes from 140-160
hours when brine water is used. On speed( 0.1, 0.1645 and 0.2398 m/s,
figure 8 highlighted the data for smooth tube with diameter 29.5 mm.
The figure shows a slim difference in variation for the overall heat trans-
fer coefficient U between both speeds 0.1 and 0.1645 versus time, while
speed 0.2398 m/s has the most effective values over the time. When
brine water is used on smooth tube figure 9 represents the variations of
the overall heat transfer coefficient for various types of tube diameters
19.05, 23 and 29.5 mm, with the most effective flow speed achieved
from previous experiment 0.2398 m/s. Figure 10 shows the variation of
corrugated tube's overall heat transfer coefficient when brine water is
used, with significant higher value for tube diameter 19.05 over others.
Consequently, asymptotic value of the overall heat transfer coefficient

U* at different tube diameters 19.05, 23 and 29.5 mm is plotted on fig-
ure 11 for both smooth and corrugated tubes, with significant higher
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value of U* for 29.5 mm diameter over the others on flow speed 0.2398
m/s . While figure 12 shows asymptotic value of the overall heat transfer
coefficient U* plotted versus used flow speeds for smooth and corru-
gated tube, with no significant change in U* while increasing coolant
flow speed from 0.1 m/s to 0.1645 m/s and 0.2398 m/s respectively.

Fouling resistance is typically performed by measuring the total
thermal resistance (1/UAi) for clean and fouled cases, Webb [1], with
using the following formula [22]:

1 1

R .=
W), ),

Where, subscript fand ¢l refer to fouled and clean conditions. Re-
sults for fouling resistance (Rf) for both corrugated and smooth tubes
are illustrated on figure 13. As shown, fouling thermal resistance for
both tubes increases with time, then attains about a constant asymptotic
value after 140 hr. The figure also shows to how far the performance of
corrugated tube is superior to its similar of smooth.

m*°C | kW

Comparing graphs, it is realized the effect of fouling on lowering
the values of U versus time by much. Through above given graphs and
generated data, this study is significant to provide a useful correlation.
As the tube diameter increases with increases flow speed, expectations
are to achieve higher values for the overall heat transfer coefficient U*.
Corrugated tube performance has a less asymptotic fouling resistance
when compared with its similar type of smooth tube.

Conclusions

Better performance reported for corrugated tube would reduces
heat exchanger size, reduces coolant hold up volume, reduces the sys-
tem design process time, reduces fouling potential and increases clean-
ing potential consequently to replace Ball Cleaning System. The actual
circumstances in a real desalination plant-form are simulated with
regarding the constituents: coolant flow speed, tube diameter and the
type of employed liquid coolant. Tested corrugated and smooth tube
at a time is to unify tested conditions on both. Other major parameters
influenced the test circumstances are: inlet coolant temperature, inside
temperature for the test-rig, inexistence of non-condensable gases and
brine water concentration in ppm. Revealed study presents the influ-
ence of flow speeds on fouling pattern and the effect of tube diameter
on its behaviour. Experimental results are discussed for both smooth
and corrugated tube, when applying fresh and real brine water on dif-
ferent tube diameters 19.05, 23 and 29.5, with flow speeds 0.1, 0.1645
and 0.2398 m/s. In comparing data results, it is realized the effect of
fouling on lowering the values of U versus time by much. Corrugated
tube performance has a less asymptotic fouling resistance when com-
pared with its similar type of smooth tube. Through given presentation
and generated data, interpretation is to show this study is significant to
provide a useful correlation for future research. As the tube diameter
increases, with increases flow speed, expectations are to achieve higher
values of the asymptotic overall heat transfer coefficient.
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Nomenclature
T,; Brine temperature at the entrance to the condenser, °C
T,. . Brine temperature at the exit from the condenser, °C

dT,

L o« 1emperature difference for the corrugated tube, equal to (T, . _..), °C

dT,, . Temperature difference for the corrugated tube, equal to (T, ), °C
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T, ., Steam temperature inside the test rig °C
T, .o Steam temperature out of boiler, °C
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