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Studying the effect of varying wall section designs in 3D-printed
buildings on the building's thermal performance

Dr.Anas Qarmo

Abstract

With the global trend towards integrating modern construction
technologies with the application of efficient engineering standards for
energy conservation, new and modern building construction methods
have emerged. These methods save time and provide construction
control capabilities not offered by traditional methods. One of the most
important of these methods is construction using 3D printing
technology, which allows for precise control over engineering details to
achieve optimal results in all aspects. When applying these
technologies, buildings must meet the most important environmental
standards, most notably thermal efficiency requirements.

This research conducted a thermal study of six wall models according
to the thermal design requirements of Homs city. Five of these models
contained cavities of a specific geometric shape with defined
dimensions and conditions. The shapes of the studied cavities were
triangular, circular, oval, hexagonal, and square. A solid model without
cavities was included as a reference model. The study was conducted
using numerical modeling on a 1 m2 area using the ANSYS computer
modeling software. The studied models were designed using
SOLIDWORKS software and then exported to the modeling software.
After completing the numerical modeling of the studied designs, the
modeling yielded the following results: The oval gap wall model
achieved energy savings over the other gap models by percentages of
15.54%, 21.36%, 18.28%, and 22.19% for the triangular, circular,
hexagonal, and square models, respectively. All gap models (triangular,
circular, oval, hexagonal, and square) achieved energy savings over the
reference solid model by percentages of 42.97%, 38.75%, 51.83%,
41.06%, and 38.09%, respectively. Thus, the oval gap model was the
best among the studied models.

Key Words: 3D wall printing - wall gaps - thermal modeling - energy
savings..
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“Comparison of The Effect of Some Manufacturing
Parameters on The Hardness and Tensile Strength of
Aluminum (AA7075) Reinforced with Particles and
Prepared using the Stir Casting (SCT) and Squeezing
Casting (SQT) Techniques using the Taguchi Method.”

ABSTRACT
With the rapid development of industrial sectors, the search for advanced
engineering materials capable of meeting the stringent requirements of
modern applications, including light weight, excellent mechanical behavior,
and low costs, has become an imperative. Metallic composite materials
(MMCs) are one of the most prominent solutions. Given the industrial status
of aluminum and its alloys, it is currently being reinforced with variable
materials by various manufacturing technologies and obtaining (AMCs) to
improve its mechanical properties, which would expand the space of
industrial use for it.
In This research an aluminum alloy (AA7075) was reinforced with hard
particles having size of micron of Silicon Carbide with a weight percentage
(X=5, 10 and 15 wt%) and Boron Carbide particles are added in fixed
weight percentages (5 wt%) hybrid reinforced in both types of carbide by
Stir and Squeeze casting technique (SCT&SQT).
Nine samples were obtained by changing the manufacturing technology
parameters (Stir speed SP = 350 - 5507.p.m Stir time ST =10 -
20min Reinforcement percentage RE = 5 — 15%) with pressure applied
during the squeezing casting process (P = 50Mpa).
After completing the reinforcement process and obtaining hybrid reinforced
aluminum (HAMCs) using both techniques (SQT & SCT), mechanical tests
were conducted and determining the values of hardness (VHN) and Ultimate
tensile strength (UTS). The results showed that the best properties were
obtained using the squeeze casting technique. As for the parameters used
after applying the Taguchi Method, the sample (S3) had higher properties
compared to the rest of the samples, as the hardness value in the
aforementioned sample reached (101HV) at (SQT) and (90HV) at (SCT) As
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for the value of the Ultimate tensile strength(213MPa) when cast by(SQT) it
reached (197MPa) when cast by (SCT) As for the parameters Reinforcement
percentage RE was the most influential factor then the Stir time ST and
finally the Stir speed SP.

Keywords: AL-7075 alloys, Carbide, Hardness, Ultimate tensile strength,
Stir Casting , Squeeze Casting , Taguchi Method.
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-(0—>1200)r.p.m Ll dc .
aieliul LS (8 (CurboLite,Hope watt :3100 w) gsill : jguall 8%
& 3 Lldl) dlee S5 diaas (AAT075) assiall) eaal 1200C° s suab 5yl ms 3KW
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: Metal Mold  Saal) cuall Q& .2.3.1

: Weighing Machine _ulua g asl) ¢l .2.3.2

ol i il Gua (10) Sl —Lall lSae — seall (1 (9) JS
i Gl —aE 5 Jalar ol Lo sangmghall alhie el Ay
(50 MPa) jasll 1Sl 35y ol e~y
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Al e Bhal Aapy pmis w asial) leail o SEI aagy ) A
slls anall Lasleall (B4C— SiC) daclall @bl 4} 750C° s)ha dayo
Qlys 3l Guadl 200C° Jon shal) Gas ) Bise 2320l 555)(RE) dasatlly
GBI 5 (s wulSY) Al (e prland) Caulatis daieal) lilally dysha i) AU3Y
V) aspirall o AL 4paS ALl lgae oy il Sy A8lY) a5 ) seaadll Jal
Lol 365 pa 2l 3iaY) Aats 2 aggetly Load QLA Gpentd (1% 35l
sgad) (b SISl LAY Ja] o @l sa el ulat Glacal e canias Lsy

(10-32al5 (350 — 450r.pm)dcms onstis (Al Jal sasasall ASigl) e
Ialaie | Jagyall oda Hlgal 25) VortexX sad) (s alsa e Jsasll 20min)
i Aalsal) Jadl daiiiy (Apmapall Gluall e g ley Liad A pniaat clat Ao sana o
Ot bale ) oy Lalal) Aylee £ Uy ADIA daysiy seaaad) Jala I @50 bl s
Dseraall e declall GBI gy LI (Gaeadl 800CT B)hall Anpy ) Laall
psial¥) Iadi e sl Cua ke 43 800C° Bhall daps viey Ll olgw) aay
Gasall el ENI200C° 3)ha Ayl s Cadll amal) I 8 Limgll (33081,
Lia e SAY) adlls (SCT) el ASkend) i 3SLd)l g e Jilially ) ggaall
O e (i & Caay (SQT) sl ASLud) JaY duagd) 35l ol
G p Tadally QG eDlialy coall o e L) dies GuiSall it g ngay Bae
s> o))ia Pressure time (31 (SOMPa) )3s Pressure  Squeeze L
sy 2y Al 2l e bl Jadl 24 (Solidification) seail) s 1l (50 sec)
dac)al) @B (pa \gitlin) Coglhaal) Conall Tadg iy s2e ddaadl S5 (10) (9) IS
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(2) dsaally (S1, 82, 83,... 89) Ll J< Glie aud o Joanil Ll
Sl ks Gl aiaill U dersiudl) (SCTESQT) ciliahl muas
[9] [7] 3aaiaal) 4D

Asladll dlac o pa) a3 1Al 2eaill dilee A Bagad IS gl ()5S ape i) dolec 22
Gl dac 2] 4 53alY) S prse apead (pedill lilee (52a) (Homogenization)
Wb & 2B0ureyl ¢y 410C° A paaally Alalall Clalgal) APy Guilail)
[10] [8]chlaadl siala culisall (oSl (pall sy ¢

S Gl gla uiagi aa aduall) o U Al (SCTE&SQT) cfially (2) Jsaall
Badinall A5MAN el ialylal)

Stir-Squeeze Casting Parameters

Squeeze Pressure (50M Pa)
Pressure time (GOSeC)
Stirring temperature (7500 °)
Preheatmzft::peratures (ZOOC )
Level (1) Spindle speed (350—400—450r.p.m)
Level (2) Stirring Time (10 —15—-20 min)
Level (3)

5%B,C )& (5—-10—-15%SiC
4

Reinforcement Percentage

Preheating temperatures
(200C )

of reinforcements

((11) JSal G aladall b LS Chnd) 35 Clplad (i (e il
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| Dispersion Hardening |
(Sic&B4C)

- - Reinforcement
Particles

> @
—

Assistances Materials AL .1i. Zr, or Mg

Casting
- Molten metal

to Dif

Metal Matrix x 7
HAMCp

Setting Wight

Aluminum
Stir

Casting
g [ &
3 “f=n
8| =i Squeeze
g =i Casting
-

—
Mechanical Testing « =+

_ Casted Ejection Release Pressure
Billet HAMCp Specimen Squeeze Pressure application

[ Strain Hardening

3l ey Al il S plae 3 el o3 Caad) i Lalata (11) JS

Al all LAYy cilagadl] £laY Alexial) cligaill 4.3

'
]
2
0
]
3
c
E

-

Apal) ale yie 8 (5skedll Slea a8l 3lea) ¢ hLEAY)y pandl) sieal (12) J)
spann Azalan 4leSlly Sl durigll IS 4 ad) Cladleally

(3) dsaall cligine &M J) lparad &5 dacdall Glial) e chlEalY) cha) J8
Al @iy peid Gl e [379&2M&15Y] (3Levels)
Sl " larger the better’ jLall 335 wluall xa (Taguchi method) &l
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LS (ASTM standards )3éy h)liadl Juedal) cilbileny (8030 (e Goail dag a0

:Taguchi Method 3i 5 il s lisall Caieal rasy (31 (3) Joaall 8

[11] [9] [7]1Taguchi Method sy Lgiligimay cilindl Ciias (3)J gl

Levels Observed
Control Parameters
1 9 3 Values
Stirrer speed (SP) 350 450 550 1)Hardnes in
Stir Time (ST) 10 15 20 VHN
2) Tensile
SiC Wt. %(RE) 5% 10% 15% ,
strength in UTS

dauall wluell Taguchi L9 orthogonal array &l 48 ssae JSE5 23 clld 2o

:(4) Jsxal) 385 [11] [9]
Taguchi L9 orthogonal array(4)J sl

Sample(ID) (SP) (ST) (RE)

S1 1 1 1
S2 1 2 2
S3 1 3 3

2 1 2

2 2 3

2 3 1
S7 3 1 3
S8 3 2 1
S9 3 3 2
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: Hardness test Results 5ludll jLad) milis (1
35ld lea (HARTEPRUFER GNEHM:230 )esi jlea le JloaV¥) ela) &
o Gob oo (4Kgy) Uses cida Cun ASTM-EO2 dinalyall (385 (Vickers)
cilalss (Dwell Time= 10sec) sl (a3l (1367) sl sl aliiie ssas 2l
e JS O ddlide (3lalie (g Boludll Slsdie IS0 e ) day)l (uldl) 4550 glacal
Vg el Cilial) 35l Ao giall dagdll apaail dacal) bl (e
o5 0 dul)y ae (SCTSQT) iy aac il o Ldlye 35kl e i) (o Cangl
(13) JSill mumse s WS iliill culS s (SP&STERE) s jaall ZDGN <l jial )l
ALl ot e Gl aead) sl Gliel gl ded el o s
Ll = 83— aual(101HV) | dad ef cirlys 35kl andi)) Cum (SQT) jucanlly
ie A Clyiahl) alasiu) vie @lldy (QOHV)lgad cilS (SCT) zally 48l xie
.(SP=350r.p.m&ST=20min&RE=15%SiC): sl

Different Temper Conditions
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9 s8a | @
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©

T 60 [ - L - L
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2L - L | | |

2

S 36 [ - — — —
28 L L L L L

s1 52 s3 s5 6 s7 s8 9

Experiements

(SP&ST&RE) i siahlll s xic AAT0TS aspiall Apd 55Ldll 28 (13) Il

: Tensile Test Results a&l) jLad) milis (2

61



dae 21l (AAT075) pgial¥) Al A& dagliag 3 gludll o ariaall) @ el b piary il 45 80"
a3k aladiuly (SQT)senly Aslull s(SCT) 7 el ASbaad) (A 3 juandll g (3Bl
" ( Taguchi) st

Sl audy 39340 (TINIUS OLSEN H25KS) aill jlea e aill sl ¢l &
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daliie allicyy (ASTM- B557)imldll dialsall cun Gl cilimll apen
a8 & Gliall 23l Gillaladg e Joeanl) axy5 (36mm) el J gl (10X15mm)

(14) JSEG e 5o LS UTS dpalac¥) aill daglia o8

_ Different Temper Conditions
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Experiements
i die AAT075 o snialV) Al Gadae V) 2l daglia o8 (14) JSi)
(SP&ST&RE) sl

mexll xie (UTS=213MPa) :iwlcy) aill dogliad daf Junil caly 8 culs
~S3~ duall (Wt=15%SIC+5%B4C) a5 dasty juanlly ASLudl 485y agll
.(SP=350r.p.m&ST=20min&RE=15%SiC): il c}5ial )} xic

i) yadis 48U

: aagill)g AZBLLLY)
(SP&STERE) s s yaall <l el by gine it s dxasill ligall (5) Jsandl mocasy
Sl anatll iyl JaY lgle llias ) abiall A8 Gagliag 5sludl) a8 as
.(SCT&SQT)z 3l aSludlyy yucanlly

al) dagliag 5gbudl) ah aa dug prall cffiall) Cilidag cilial) (5)Js2al
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Stir Casting Squeeze
(SCT) Casting
Process parameters
(SQT) at (50
Sample
Mpa)
Name(ID)
Stirrer Stir | Reinforce
speed | Time ment (UTS) | (VHN) | (UTS) (VHN)
(SP) (ST) (RE)

S1 350 10 5 155 67 170 79
S2 350 15 10 179 77 184 88
S3 350 20 15 197 90 213 101
162 69 178 78
189 85 201 96
167 75 183 82
S7 550 10 15 181 80 195 89
S8 550 15 5 161 64 187 75
S9 550 20 10 179 79 192 88

(sl ARyl aladiialy Sgludll ad e JiY) adadl) jlahl aaad LA
(Minitab) ey A e (S/N) Ll aaa3 22y (15) ISy (6) Jsaad) e
" larger the better' ;Lall 33, (Taguchi method) bl gk aladiulys
& (RE) a3l A 1 o ssladll o 5SY) claleall il o ( RankJiall) Lasg

A(SP) Llall ey 1ualy (ST) Ll )

i) st die Aliaall 5 gludl) ?5‘3 JaY(dB) Jaadlls (S/N) dgusdl) 3,{5 (6)J s
Table (6) for Signal to Noise Ratios(S/N) for Hardness (Larger is better)

Level SP ST RE
1 37.78 | 3712 | 36.72
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2 37.62 37.48 37.49

3 37.38 38.18 38.58

Delta 0.40 1.06 1.86

Rank 3 2 1

Main Effects Plot for SN ratios
Data Means
SP ST RE

38.57
8 380
=
g
z
[
b
= 37.5
[
[}
=

37.09

36.57 T T T T T T T T

350 450 550 10 15 20 5 10 15
Signal-to-noise: larger is better

AAT075 iSud 55lill o8 Lo (SP&STE&RE) iyl yuxs il du)y (15) J<al
(dB) 53al5:(S/N) dpadl) alaiinly

P U ARyl aladiialy 0l Aaglia ad o JiY) paiall) el 203 B

(Minitab) zaliy A e (S/N) dpwill 333 ey (16) ISy (7) Jsaall (e
Las, 'larger the better' Lall 33, (Taguchi method) el 48l aladiulyy
B 1 A el 23 Aaglie ded o SV Ol il ol RankJiall)
A(SP) Llall de yus sy (ST) LAl (e o5 (RE) e il
oS die Aad) ai) Laglie ad JaY(dB) Jswlls (S/N) dadl) 2 (8)J gl
il ial L)
Table (7) for Signal to Noise Ratios(S/N) for UTS Largeris better
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Level SP ST RE
1 44.92 44.38 44.13
2 44.72 44.91 44.77
3 44.78 45.13 45.52
Delta 0.19 0.75 1.39
Rank 3 2 1

Main Effects Plot for SN ratios

Data Means

5P ST RE

45.6
45.4-
45.27

45.0-

Mean of SN ratios

350 450 550 10 15 20 5 10 15

A alaall 22 daglic a8 o (SP&STERE)siah)lll s ik Al (16) J<al)
(dB) 5335:(S/N) 4l aladinly AA7075
(15%SiC+5%B4C) (pagll mexill Auws xie Taguchi Method Gk aey Jaadls
e (abaall 23] Aagliay boludl) SO palsall af el culS (S3) duwll
ALl Gy .(SP=350r.p.m&ST=20mMin&RE=15%SiC): 4,0l JiY) <l jial )il
sl il el ASLd) (e alandl ) dasliag 35ludll el ad cilae juanlly
Lasdd) Aalilly Al seliSll) 3ian Aabida palen Glll e guly cada Lyl

- oag il eliall Bkl ae e Ly (el
A deasi Lo ae Gl Mol Uiny 3l Wlag s bl of Y slay) by sy
pac il 33 g R ae lie gain sy Aall <l Ll Sl fiald) (e 2
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Ol e 2l 4 sialDl A g paall ASHGRY (alsal) unt e el a3lSaall Gley
lele Ll A8l (uilaie 4l S ula] Gaun Aac |l (33821 £358 Cpuang albasily
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: [10] [8]:(MMCS) & Lalsill cuniy dysial)

sl (Orowan Strengthening Mechanism) &l Olaysl duykail laa g*
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JSy Aially Lulall @ADL aahaal alea) LEE cad GledAN) Gam Loved
SV e o 3wl o e Y Allall oda 5 o sial) e (uilaia
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Caly Jally  cleday) 486 el () lejsis hels Ji€ly jaual G culk
(Orall B5luds daslia Gauad & ()l sl A5 Aglled

asti (S:M Lia gl 0 358) dam)\s 548l (e Lexiad :(LOAd Transfer) Jaall Jas*
Lagliagsglud Y daclall BN ) Jaall (pe o i Jin Cana¥l (Y 20l
Gabaall Jeall &35 ) 0% Lae LSl G Al ulall sl e Ja) 138 S5
Ll S LSy cpalll o guiil) 3y Loy Ayl Jay )l 58 e alanll = glauadl 038 e
Odnall daslia (g € IS Ay Lae 3o S ST Jaall J& oS 536l axadl (s (5680
a2 24l

& @leda) oda i) :(Dislocations Pinning)cleMasy) a8 s cuiv*
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A study of the effect of adding a plastic water pipe

mattress Thermal of a solar dryer for onions

Abstract :

Using solar dryers is one of the most important methods for

preserving and storing food at the lowest possible cost and without
harming the environment. However, the problem with solar dryers
lies in the long drying time required, the low drying rate, and their
poor thermal performance. Therefore, further studies were necessary
to increase the drying air temperature. A low-cost solar dryer was
designed, and the effect of adding a plastic water pipe bed on the
thermal performance of a previously unused onion dryer was studied.
Onions are considered one of the most important vegetables in the
world. The solar dryer consists of: a solar collector, a drying
chamber, a chimney, and plastic water pipes. The PVC pipe is 6 m
long and 2 inches in diameter, and there are two plastic collectors,
each 2 m long and 4 inches in diameter. The collector is a trapezoidal
iron frame, 6 m long and 2 m wide covered with a transparent
polyethylene plastic sheet. The front of the collector is 0.6 m high,
while the other side is 1 m high. The drying chamber is completely
covered with a transparent polyethylene plastic sheet. The

dimensions of the drying chamber are 2 m long and 0.5 m wide and
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it contains three shelves each 2 m long and 0.5 m wide, stacked on
top of each other with a distance of 0.5 m between the shelves. The
chimney is 3 m high and 0.15 m in diameter. The onions were peeled,
sliced into rounds 5 mm thick, and loaded onto the three shelves at a
rate of 3.3 kg/m2. Five tests were conducted on the dryer. The initial
test was conducted with the collector floor being sand only. The
second test had a ratio of plastic pipe bed to collector area of 25%.
The third test had a ratio of 50%. The fourth test had a ratio of 75%.
The fifth test had a ratio of 100%. The results showed that adding the
plastic pipe bed accelerated the drying process to reach a suitable
moisture content from 23 hours in the first test to 12 hours in the fifth
test. The drying rate improved from 128.7 g/h to 246.5 g/h. The
temperature difference between the collector outlet and inlet also
increased from 15°C to 24.7°C. The collector efficiency increased
from 46% to 72% at peak time.

Keywords: (Solar dryer ;Onion; Moisture content; Collective

returns; Water pipe brush; Plastic).

:dadiall -1
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et 46 v Cadence Virtuoso 6.1.7 zalin aladiuly sSlaall 4l 240
de Wi W0l J8Y) e s i) 5yl (o slSladl il <uyelals (CNTFET 32 nm
Ay Ao UtV L palll g peme Gun e 85 4213 TW dasis G jadl clylall oy
Aasin Tyl 12T-FA 30 go gsbucilly daliss aa) LS ) 43Uy 43,899 2J

s gl 12 ol IS

a8 (PTL) Lyl chysiwyily Ghie o(Full Adder) oS pals :Aalidal) clalsy)
.(PDP) 4c iVl 5alill Cig jume « CNTFET) &lysiniilys «(GDI)

Power and Area Efficiency Enhancement of a Full Adder
Designed Using Carbon Nanotube Field-Effect Transistors

(CNTFETs).

Abstract
The increasing demand in recent years for portable devices and embedded

systems has created a need for designing low-power and area-efficient full
adder circuits without compromising performance or operating speed. The
full adder is considered a fundamental building block in very-large-scale
integration (VLSI) electronic circuits and is widely used in various
applications, such as digital signal processors (DSPs), microprocessors,
arithmetic and logic units (ALUs), and floating-point units (FPUs).

In this research, a hybrid full adder (H-FA) circuit is proposed based on
Pass Transistor Logic (PTL) and Gate Diffusion Input (GDI) techniques.
The proposed design consists of 12 transistors implemented using carbon
nanotube field-effect transistors (CNTFETs). The performance of the
proposed circuit was compared with several existing full adder
architectures, including the conventional full adder circuit 28T-FA, 17T-
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FA, 16T-FA, 14T-FA, and 12T-FA, in terms of power consumption,
propagation delay, Power-Delay Product (PDP), and transistor count.
Simulations were carried out using Cadence Virtuoso 6.1.7 at the 32 nm
CNTFET technology. Simulation results demonstrate that the proposed
circuit achieves the lowest power consumption among the studied designs,
with a value of 4.213 nW, and the minimum power—delay product of
43.899 zJ. In addition, the proposed design exhibits the smallest area, equal
to that of the 12T-FA architecture, as both designs utilize only 12
transistors.

Keywords: Full Adder (FA), Pass Transistor Logic (PTL), Gate Diffusion
Input (GDI) Technique, Carbon Nanotube Field-Effect Transistors
(CNTFETs), Power-Delay Product (PDP).
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deUain) dadiie san XNOR-XOR 4y axaies Al ([6] 15T-FA 5yl de i)
Lo izpally daall (gHlue G aaly Gy 3 dexd Al Chsiuyihill ae S e adiai
et lls PTL-FA 8y 21l 5 LS Ao Wi) oDlgin) 8 Bale (amliasl ) g
& (Pass Transistor Logic (PTL)) 4u& aladin) dais (aidie delaivl eBlgul
17T- 52 258 55 .[7] 5l e 3 Aaniionall ol giiil i) de cpe Jliy Laa elgioy
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