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organizations in workplace is to apply culture
synergy strategy in the workplace and that is
include many programs: create key messages,
find the impact of the cultural diversity, create
strategy for the engineers in the workplace in

dealing with each other, put their ideas in the

project and respecting different culture. Through
this strategy Engineers can have some manners,
high quality, giving opportunity to ask shear their
information and ability to manage cross - cultural
communication in
(2018)

engineering workplace.

e —

Advantages of cross - cultural communication in project team and workplace diversity

Additionally, cross - cultural communication has
positive business transition between engineering
organizations for example lead successful in team
project and multicultural workplace environment.
Alsoitcanincrease productive, savetime, exchange
experience, new ideas, develop organization's

strategies define weakness, make comfortable
between the engineers from different background,
help the organization to create innovation and
more competitive, finally through cross - cultural
communication can provides new programs in
training and courses of engineering filed. (2016)
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around the world that will enhance to create
new strategy for the organizations, such us, as
increasing their business investment create new
goals and objectives. (2016)

Why do we need to have cross culture
communication skills?

Many companies have different engineers with
cultures differences, culture is very important
part in their life. Therefore, organizations should
create better relationships between the coworkers
in the workplace that can make them understand

each other. Communication skills can help
engineers to be involve better in the team build
trust and confidence among the internal and
external publics. It is important of engineering
organization to contributing in global business
that will provide engineers to be professional and
highly performance in workplace, Also to improve
the resources, establish new approach to solve
problem of the organization and sharing new
information of engineering filed to achieve the
purpose. (2011)

How can we develop intercultural communication in global
project team and workplace?

Currently, we believe that every day we go
through process of communication with people
from different background through our daily life or
in workplace. Cultural diversity takes place and
makes different among engineers in workplace
environment. (2016)

Engineering organizations should realize cross -
cultural communication before we begin working

together such as nonverbal communication that
include body language, gestures, eye contact
posture and communicate process from sender
to receiver. Understanding and learning the
country’s culture that will make your conversation
very effectively. Engineers should have practice
in intercultural communication while they work.
one of the best solution of the engineers



Cross- cultural communication and
global project team

Ibrahim Subaykhi

The Communication have significant role of the engineers in the workplace today,
that can be affect the employee’s communication when he / she tries to work in
workplace diversity or in international project, good communicator who knows
his or her message clearly and care about the words. Sometimes we are facing
challenges with working with other people from different countries and culture.

Many studies highlighted that cross-cultural project
team has influence on team project. In study was by
Pipsa Pulkkinen about the impact of cross cultural
communication challenges of Finnish in Russia.
The study found that communication and values of
people are main challenges in workplace diversity
environment. (2013).

Another article about the communication and
facing difficulties in workplace diversity the study
was by Sharon Penn and showed that stereotype

has different explanation of cultrue among
coworkers in workplace, but individual's cultrue
can make better understand each other of people
from different background.(2018)

Meaning of cross - cultural communication that
is communication and sharing the information
between groups of people who have differences
in nationality, religion, age, gender language
and values. Today engineering Organizations
are clearly interacting with others organizations

Number: (104) - March 2019



4. Conclusions

In this paper we presented a detail design of a
shell and tube heat exchanger for cooling Lean
Diethanolamine, which is considered as an
important fluid in petrochemical plants especially
forenvironmental purposes. The effects of changing
single segmental baffle spacing of the exchanger

on heat transfer and pressure drop have been
Acknowledgments
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Figure 6 shows the effect of baffle spacing on
shell side pressure drop. Where the maximum
and minimum values of shell side pressure drop
are 106.86 and 54.07 kPa, respectively. The graph
demonstrate with increasing baffle spacing the shell

side pressure drop decreases, and that is due to
shell fluid mass velocity. The increasing in central
baffle distance results decreasing in shell fluid mass
velocity by 26.1%, and this percentage is enough to
decrease shell side pressure drop by 50%.
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Figure 6: Shell side pressure drop VS baffle spacing

Design Simulation by HTRI Software:

In this work, we used HTRI software to simulate
the drawing for best design. Figure 7 shows design
side view. We notice the number of baffles by HRTI
software is 5 based on design D, where the number

TEMA type AES
Shied daamwatar B89 mm
Tube length 338 m

of baffles according to our manual calculations is
6 (Table 4). The Figure 8 shows the 3-D view of the
best design D obtained and Figure 9 gives the total
length of 4495.8 mm (as per TEMA standards) for a
shell and tube heat exchanger.

-

Figure 7: Side view of shell and tube heat exchanger design O,
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Table 4: summary results of different designs dwe to varying baffie spocing.

Parameter Design A Design B Design C Design D
B (m) 382 x 1073 427 x 1073 472 % 1073 517 x 1073
A (mP) 70.04 x 1073 78.29 x 1073 86.54 x 1073 94.79 x 1073
Re, 28851.07 25810.82 23350.24 21317.96
h, (W/m*K) 1183.96 1113.63 1053.92 1002.44
U, (W/m*K) 471.64 460.06 449.54 439.90

Us (W/m*K) 386.08 378.28 371.14 364.55
0S 22.16% 21.62% 21.12% 20.67%
CF 81.86% 82.22% 82.56% 82.87%
A (m?) 209.63 213.96 218.07 222.01

L (m) 3.19 3.25 3.32 3.38
AP,yp 1 (kPa) 1.13 1.14 1.16 1.17

f. 25277 x 1073 25817 x10™*  263.13x 107  267.73 x 1073
G (kg/m?*-s) 1784.69 1596.63 1444.42 1318.70
Np 7 7 6 6

AP, (kPa) 106.86 87.40 63.76 54.07

Figure 4 shows the effects of baffle spacing
on shell side heat transfer coefficient. Where
the maximum and minimum values of shell
side heat transfer coefficient are 1183.96 and
1002.44 W/m2K, respectively. It's clear, with
increasing baffle spacing the heat transfer
because

coefficient decreases, and that

increasing central baffle distance means
changing flow type. The percentage decrease
in the Reynolds number between design A
and D is 26.1% in the turbulent region, and that
percentage quite enough to change flow type.
Therefore, this results in a decrease in heat

transfer, and from fluid mechanics we know

that the high turbulent fluid flow results in high
heat transfer.

Figure 5 shows the effects of baffle spacing on
tube side pressure drop. Where the maximum
and minimum values of tube side pressure drop
are 1169.35 and 1129.05 Pa, respectively. We
notice, with increasing central baffle distance
the pressure drop increases, and that because
increasing baffle spacing means increase
in tube length. The result shows that with
increasing tube length the tube side pressure
drop increases by 3.7%. That means changing
of baffle spacing will not make much impact in
tube side pressure drop.



Table 2: Properties of Water and Lean DEA at an average temperature.

Property Water Lean DEA
Average Temperature (°C) 31.25 68
Specific Heat (kl/kg:K) 4.17812 —_
Absolute Viscosity (Pa-s) 779.32x10°* 16.04x10
Thermal Conductivity (W/m'K) 619.16x10° 0.2147
Density (kg/m”’) 995.26 1066.72
Prandtl Number 5.276 _

Table 3 depicts the constant values used for analytical calculation for tube side and whereas the
Table 4 shows the summary results of a shell side calculation for different baffle spacing for the
different designs namely A, B, C and D considered in this research work.

Table 3: Constant values of tube side and some properties of both fluids.

h; (W/m2K) 967.59 Re corar (M-K/W) | 4.699x10™
i, (kg/s) 125 D; (m) 889x10°
d, (m) 254x10°  k(W/mK) 63.67

d; (m) 21.18x10° N, 824

U, (Pas) 16.04x10*  f; 9.93x10°
kf, (W/m-K) 0.2147 N, 2

Pr, 2.74 pi (kg/m’) 995.26
ATy (C) 3271 Uy, (M/s) 337.11x103
F 0.899 B, 0.9686
Q (W) 238x10°  p, (kg/m?) 1066.72
P; (m) 32x10? D, (m) 25.93%x107

From the summarized results as shown in Table 4 we compared the shell side heat transfer
coefficient and total pressure on the tube and shell side with various baffle spacings, which are
depicted in Figures 4,5 and 6 respectively.
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Determining Baffle Spacing and Baffle Cut

Baffle spacing is the centerline-to-centerline
distance between adjacent baffles and identified as
the most important geometric parameter affecting
both pressure drop and heat transfer characteristics
on the shell side design. It affects the velocity of
the shell side fluid which thereby affects the heat
transfer. The smaller baffle spacing, the smaller
flow area, and the higher the fluid velocity. This
increment in the fluid velocity represents an
increase in the frictional pressure drop and the heat
transfer coefficient. Although, reducing the baffle
spacing increase the heat transfer coefficient, there
is alower limitation for it set by the TEMA Standards,
of one-fifth the shell diameter and never less than
2in (51 mm). If the baffle spacing is higher, the heat
transfer coefficient is decreased. In addition, higher
baffle spacing lead to longitudinal flow which is
less efficient than cross flow and large unsupported
tube spans which will make the heat exchanger
prone to tube failure due to flow-induced vibration.
Also the maximum baffle spacing is specified by
the TEMA standards by mechanical considerations.
This is because the purpose of the baffle in addition
to improve the heat transfer coefficient is to support
the tubes also.

The heat exchanger designer has to select a baffle

3. Results and Discussion

spacing to perform the maximum possible value of
the heat transfer coefficient without exceeding the
allowable pressure drop of the shell side fluid. The
baffle cut is expressed as a percentage of the shell
inside diameter which varies between 15% and 45%.
The most common baffle cut is about 25%. Both very
small and very large baffle cuts are detrimental to
heat transfer due to the deviation from an ideal
situation. For low baffle cut, the shell side fluid
turbulence is high and hence the fluid velocity at
the window is high. As a result, the heat transfer
coefficient increases. However, for large baffle cut,
there will be important zones of the fluid with low
velocities and hence low heat transfer coefficients.
Reducing the baffle cut below 20% in order to
increase the heat transfer coefficient or increasing
it beyond 35% in order to decrease the pressure
drop usually lead to poor design. In order to achieve
that, the designer should change the aspects of
tube bundle geometry instead of reducing the baffle
cut below 20% or increasing it beyond 35% [101.
The effects of the baffle cuts in the shell side fluid
streamlines corresponding to different baffle cuts.
Optimum baffle spacing is somewhere between 0.4
and 0.6 of the shell inside diameter and a baffle cut
of 25% to 35% is usually recommended.

The Table 1 and Table 2 shows the available design data and properties of both tube side and shell side

fluid.

Table 1: Available design dirta

Data Tube-Side Shell-Side
Fluid Name Water Lean DEA
Mass Flow Rate 17531998 kg'hr 44999996 kg/hr
Inlet Temperature 254°C 94°C
Outlet Temperature neC 42°C
Outside Diameter 254 mm —
Inside Diameter —_— B89 mm
Inlet Pressure (gauge) 8.4 bar 9.7 bar




i
CF = [—f] x 100% 210
Ue
So, the heat transfer rate of a counterflow arrangement can be obtain from (2.12).

As a fluid flows through a heat exchanger there will normally be a pressure drop in the direction
of the flow (in some special situations where the fluid velocity decreases, there may be an increase
in pressure). Pressure drops occur in the flow channels, nozzles, manifolds, and truing regions in
the headers of heat exchangers and each of these pressure drops must be evaluated, unless
experience suggests that one or more may be neglected [10].

The rube-side pressure drop can be calculated from (2.13).
LN, [ud (2.13)
=[] [ 2]

The change of direction in the passes introduces an additional pressure drop AP,, and that can be
obtain using (2.14).

Pi Um (2.14)
AP = 4N, [ > ]
S0, the total pressure drop of tube-side becomes:
APiorar = AP, + AP, (2.15)

The shell-side pressure drop depends on the number of tubes the fluid passes through the tube
bundle, between the baffles as well as the length of each crossing [8].

AP . GE(Ny + 1) Dy (2.16)
) =

2p. D, §s
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The convective heat transfer coefficient h is dependent upon the physical properties of the fluid
and the physical situation. For tube side the convective heat transfer coefficient h; can be calculated
by (2.5). For shell side the convection heat transfer coefficient s, can be determined using Kern
method (2.6).

_ Nuy kf; (2.5)

h; a

h, = 036 [E] Re055py1/3 (2.6)
= 036 [ ] ret s

The overall heat transfer coefficient represents the total resistance to heat transfer from one fluid
to another, and it’s influenced by the thickness and thermal conductivity of the mediums through
which heat is transferred. The larger the coefficient, the easier heat is transferred from its source
to the product being heated. It is classified in two part [8].

1. The overall heat transfer coefficient for clean surface
1 (2.7)

a. rhn("f) 1
i i

U. =

i

2. The overall heat transfer coefficient for fouled surface

1 (2.8)
Uf = T
U_r + Rf.tu!u!

Where Ry is the total fouling resistance, given as

d. R .

Rt totar = d:.[ + R¢, (29)
The designer simply adds a certain percentage of clean surface area to account for fouling. The
added surface implicitly fixes the total fouling resistance depending upon the clean surface overall
heat transfer coefficient. The overdesign percentage should not be more than about 30% (2.10).
Also, cleanliness factor an important term cleanliness factor is a term relates the overall heat
transfer coefficient when the heat exchanger is fouled to when it is clean. This approach provides
a fouling allowance that varies directly with the clean surface overall heat transfer coefficient
(2.11)[9].

U, 2.10
0s = [—‘—1]x1ﬂﬂ% 2.10)
Ur



2. Design Methodology

Heat transfer mode in a shell-and-tube heat
exchanger usually involves convection in each
fluid and conduction through the wall separating
the two fluids. In the analysis of shell-and-tube
heat exchangers, it is convenient to work with an
overall heat transfer coefficient U that accounts for
the contribution of all these modes at heat transfer.
The rate of heat transfer between the two fluids

at a location in a heat exchanger depends on the

0 = UAT,,

magnitude of the temperature difference at that
location, which varies along the shell-and-tube
heat exchanger [61.

Therefore, in the heat transfer analysis of heat
exchangers, it is convenient to establish an
appropriate mean value of the temperature
difference between the hot and cold fluids such that
the total heat transfer rate Q between the fluids,

and that can be determined from [8].

(2.1)

U is the average overall heat transfer coefficient based on that area.
ATy, is a function of Th,1 , Th2, Tei,and Te2

LMTD (Log Mean Temperature Difference) method is very suitable for determining the size of a
heat exchanger to realize prescribed outlet temperatures, when the mass flow rates, the inlet, and
outlet temperatures of the hot and cold fluids are specified [8].
AT, — AT,
In[AT, /AT, ]

Where:

ATy =Th1—Tea AT2=Tha=Te

For multipass and cross-flow heat exchangers, the log mean temperature difference should be
corrected using a correction factor (F). F is nondimensional, it depends on the temperature
effectiveness P, the heat capacity rate ratio R, and the flow arrangement.

Where:
Th1—=The

Tea = Tea

" 4

TE.Z - Tc.‘l

R= —
Th..‘l - Tc,l

(2.4) P= (2.3)

The correction factors for a shell-and-tube heat exchanger with one shell and two tube passes are

presented in Figure 3.
NN @:
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Figure 3: LMTD correction foctor F for a shell-and-tube heat exchanger with one shell pass and two or o multiple
of two tube posses [6].
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1. Introduction

In most industrial fields, cooling and heating fluids
are needed. The device utilized to implement the
heat transfer between the fluids is termed as heat
exchanger. In most heat exchangers, the fluids are
separated by a heat transfer surface, and ideally
they do not mix. It is used in many applications
such as space heating and air-conditioning, power
production, waste heat recovery, and chemical
processing [12-]. Commonly, they are classified
according to transfer process, flow arrangements,
heat transfer

mechanisms, construction,

and degrees of surface compactness, pass
arrangements, and phase of the process fluids [31.
Themostcommontype of heatexchangersutilizedin
industrial fields is the shell and tube heat exchanger
according to their low costs, structural simplicity,
and design flexibility [2]. The shell and tube heat
exchanger is classified according to construction
[31. This type of heat exchanger is good mechanical
layout and good for pressurized operation. It is
made up of different type of materials in which
selected materials is used for operating pressure
and temperature [4]. It has many applications in
the power generation, petroleum refinery, chemical
industries, and process industries. They are used
as oil cooler, condenser, feed water heater, etc
[3]1. The shell and tube heat exchangers since
they were designed and manufactured, they are
having problems affecting the performance of the

exchangers. The main common problem is fouling.
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This problem is highly considered by engineers.
Fouling is an aggregation of undesirable material
on heat exchanger surfaces which decreases heat
transfer rate and increasing the resistance to fluid
flow, resulting high pressure drop [31.

The principal components of a shell and tube heat
exchanger are shell, shell cover, tubes, channel,
channel cover, tube sheet, nozzles, and baffles as
shown in Figure 2 [3]. The main component on which
this article is focusing is the baffles. Baffles are
plates installed in the shell side used to support the
tubes, maintain the spaces between the tubes, and
direct the shell side fluid flow across or along the
tube bundle in a specified manner [3]. Segmental
baffles are the most commonly used. They improve
the heat transfer by enhancing fluid turbulence or
local mixing on the shell side as a result of causing
the shell side fluid to flow in a zigzag manner across
the tube bundle. It also increases the pressure drop.
As a result, it requires high pumping power, so it
increases the electricity consumption [51. We have
studied and tested the effects of the central distance
between the baffles for four different designs. We've
seen that the different baffles spacing enhance the
heat transfer rate which is considered as one of the
most common problems occurs in this device. Our
study has application of producing diethanolamine
and triethanolamine. In the production process as
shown in Figure 1, after each distillation tower there
is a shell and tube heat exchanger.

Shell
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Figure 2; Flow sheet production of eshawolantines (7).



Nomenclature

s
Ay

Tube cross sectional area

Surface area of tube at fouled surface

Crossflow area at shell centerline

Central baffle spacing

Cleanliness factor

Specific heat at constant pressure of hot/cold fluid
Equivalent diameter

Inside shell diameter

Inside tube diameter

Outside tube diameter

Correction factor

Friction factor on tube side

Friction factor on shell side

Mass velocity of shell side fluid

Tube side the convection heat transfer coefficient
Shell side the convection heat transfer coefficient
Thermal conductivity of tube material

Thermal conductivity of tube/shell side fluid
Tube length

Mass flow rate of hot/cold fluid

MNumber of baffles

Number of tube passes

Number of tubes

Nusselt number of tube side fluid

Overdesign percentage

Temperature effectiveness ratio

Pressure drop on shell side

Prandtl number of hot/cold fluid

Total pressure drop on tube side

Tube pitch size

Heat transfer rate

Heat transfer rate of cold fluid

Heat transfer rate of hot fluid

Heat capacity rate ratio

Reynolds number of tube/shell side fluid

Total touling resistance

Fouling resistance of tube/shell side fluid

Inlet temperature of cold fluid

Outlet temperature of cold fluid

Inlet temperature of hot fluid

Outlet temperature of hot fluid

Log mean temperature difference

Wall temperature

Owerall heat transfer coefticient for clean surface
Owerall heat transfer coefficient for fouled surface
Mean velocity of tube (inside) side fluid per pass
Mean velocity of tube side fluid

Shell side fluid viscosity at wall temperature
Absolute viscosity of tube/shell side fluid
Density of tube/shell side fluid

Viscosity correction factor for shell side fluid

kg/m*s

WimK
W/m*K
W/imK
W/imK

kgfs

WimK
W/im*K
m's
m/s
Pas
Pa-s

kg/m’
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Heat transfer enhancement of a Shell
and Tube Heat Exchanger with different
Baffle spacing Arrangements

Eng.Mohammad Ali Albazzaz

Abstract:

For the purpose of heat transfer enhancement, the configuration of a shell-and tube
heat exchanger was improved by considering the baffle spacing and baffle cut. The
investigation in this paper was carried by manual calculations, and that performed
for a single shell and two tubes passes heat exchanger, with variable number of
baffles spacing and 25% baffle cut. Designed baffle spaces are: for case A: 382 mm,
for case B: 427 mm, for case C: 472 mm, and for case D: 517 mm. In our paper we
obtained shell side calculations using Kern method and the results were observed
on shell side, the heat transfer coefficient decreases by 15.3% and pressure
losses decreases by 49.4%. General design considerations and design procedure
that follows TEMA standard are also considered in this paper. Also, a commercial
HTRI Xchanger Suite software was also used for design drawing purposes.
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4. Beyond the OHL Conductors
Existing Industrial Standards

Although HTLS conductor technologies are available
commercially, there is still lack of knowledge in
literature and industrial standards to evaluate their
mechanical (vibrations) and electrical (thermal)
performance accurately. Due to the great difference of
core material properties and outer aluminium strands,
HTLS conductors experience the so-called knee-
point temperature. Since the knee-point temperature
is affected by conductor technology and installation
method, a difference in thermal and mechanical
response of various HTLS technologies is expected
over the range of operating temperatures.

It is necessary to obtain reasonable predictions

of the thermal and mechanical performance on

transmission structures and to quantify damages that
could result on the integrity of conductor performance.
Moreover, this would enable utilities and researchers
to optimize the transmission line performance with
suitable vibrations protection schemes. Therefore,
increasing the efficiency of existing transmission
overhead line systems through the increase of power
transfer capability of the existing structures.

It is concluded that more complex modelling is
required to consider the internal structure for HTLS
conductors to evaluate their actual performance and,
therefore, identify their true capabilities on improving
OHL powertransfer capacity. Additionally, performing
more advanced analysis which will help to evaluate
the response of the new conductor technologies
appropriately.
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2. Advancement in Overhead Line
Conductors Technologies
Conductors transmission

used in OHLs vary

considerably and the standards on conductor
performance has not changed for decades. In
fact, conductors that consist of all aluminium or
aluminium alloys such as AAAC, AAC, and ACAR are

employed in specific industrial applications while the

Stranding Patterns

Conventional Conductors ?’_.

4 X

Gap Type

Aluminium Steel
Reinforced

All Aluminium

(Trapezoidal Strands)

most common choice has been ACSR conductors.
Recently, HTLS conductor technologies have been
developed mainly to improve the network thermal
capacity with reduced sag and uprate congested
OHL power flow corridors with minimal modifications
on existing transmission system infrastructure. The
advancements in OHLs conductor technologies is

summarised in Figure 1 below.

Novel Material Properties

¥ %_'-'.'.:'%,.
-
85 58
LT
o0 ACCC
ACSS Annaeﬁad_.i.luminium
{Anneated Aluminium) Composite Carbon
fibres Core

Aluminium Steel Reinforoed

(Trapezoidal Strands)

Figure 1: The advancements in OHL conductors’ technologies

Each conductor technology has different thermal and
mechanical performance because of their different
material properties, design and installation practices
used to achieve the increased thermal capacity. The
big differences of conductor and core components
properties on the novel conductor designs introduce
complexities on conductor performance analysis.

3. Distinctive Characteristics of OHL Conductors
The typical conductor designs with different core and
aluminium materials (i.e. Bi-metallics) consist of a
steel core and conductive aluminium strands. The
steel core is to provide the strength to the conductor
while the aluminium conductive strands carry the
electric current. Conductor manufacturers intend to
find innovative solutions to increase the power flow
within the same cross section of the conductors by

introducing new composite core materials (i.e. Bi-

materials). This has a critical effect on the thermal
behaviour of the conductordue to the large differences
in the thermal expansion coefficients between both
components as seen in Figure 2.

Asthe conductoroperatingtemperatures changes, the
mechanical load shifting between both components
becomes considerably significant. This load shifting
point is known as the knee-point at which the
tensile strength of the aluminium strands reduces
and becomes zero. The bi-metallic and bi-material
conductors are designed to reduce the conductor
sag under high temperature operating conditions
the
transmission

(i.,e. above knee-point). Therefore, reduced

core thermal expansion enables
network utilities to operate the conductors at high
temperatures; increasing the power transfer within

the existing power flow corridors.



Innovative Solutions to Increase OHLs
Capacity — Towards a Resilient Electrical
Transmission Network

Eng. Mohammed A. Al Aqil

It is globally observed that electricity generation and consumption are increasing
rapidlyduetotheintegration ofrenewable energy sourceswithintheelectricnetwork,
application of electrification of energy to replace heating and transportation sectors
traditional fossil fuels, and massive electricity demand growth. To accommodate
this rapid demand increment, electric utilities intend to reinforce the power capacity
of the electrical network by constructing new transmission overhead lines (OHLs).

However, this solution is expensive and requires
permissions from relative regulatory agencies
which delays the network reinforcement process.
In most cases, utilities try to find more flexible and
economical alternative options to reinforce the
network. This is usually accomplished by upgrading
the existing OHLs with bigger size conductors

or taking advantage of new advanced conductor

technologies known as
(HTLS)
power transfer capabilities of HTLS conductor

High-Temperature

Low-Sag conductors. The superior
technologies is reflected by the thermal properties
difference between the core and conductive
materials compared to traditional conductors such
as All Aluminium Alloys (AAAC) and Aluminium

Composite Steel Reinforced (ACSR).
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