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Abstract

This paper presents a conceptual design process for designing and improving the M Solar-X fixed-wing
solar-powered unmanned aerial vehicle to have vertical take-off and landing capability (VTOL). The separate lift
and thrust vertical take-off and landing is selected for design system. The proposed conceptual design process is
simple and not complicated because this type of vertical take-off and landing system has a forward propulsion
system and a vertical take-off and landing propulsion system. The function areas of these propulsion systems are
clearly separated. In addition, the process of analyzing aerodynamic characteristics using Computational
Fluid Dynamics (CFD) is introduced into the design process to verify and validate the design principles.
Results from the design process found that the M Solar - X VTOL has a final total weight of 18.9 kilograms,
which is an increase of 57.5 percent from the original (fixed-wing). In addition, from the aerodynamic analysis,
it is found that vertical take-off and landing propulsion systems installed on fixed wing unmanned aerial vehicles
have slightly effect on the lift coefficient, while it will significantly affect the drag coefficient (approximately 20 percent higher
at all angles of attack). From the results of preliminary aircraft performance calculations, it is found that the vertical
take-off and landing of the solar-powered unmanned aerial vehicle (M Solar-X VTOL) has a stall speed of 13.4 m/s.
And the maximum flight endurance performance is 2.21 hours or 2 hours 13 minutes, which satisfy the mission

requirements.

Keywords: Solar Powered UAV, Separate Lift and Thrust (SLT) Vertical Take-Off and Landing, Computational

Fluid Dynamics
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‘ Propulsion
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‘ Airfoil selection

‘ Motor & Propeller
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Mo Avionics & Payload
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3.1.1 m3mmuaanudesmsuazgduuumsifianisneveseinmaeulaugy (User's Requirements
and Mission Profile)
4
luaiseiidesmseenuuulSulysoimasu’linu M Solar-X Fixed-wing 195an1ua1150
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-ANWIGITNYAY (Stall speed) 14 m/s
1A 3 @ .. . . .
3.1.2 M3dszunaaisuduiinmiing (Initial Weight Estimation)
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Tuau3ved 355U 520 1A S ¥AUVE I IHINTININIAEIUADUINLY taen1¥ITNI1TIN
- C . dq v o
unastoyad1eos [9] Taaidenldismsdssuaaiminveserimasunldndsalaih (Electrical Engine UAV)
AMNYBVDI Giuseppe [10] FalFranmsduiaainadoyananavessndIu Qﬂﬂmfmmﬂ (Payload) 1NoUAD
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AIMINTINUDIBINIALIU 1130 Payload Weight Fraction (W/Wo)
= 9 9 Y} @ HAq Y o
MNMsAnIgIUTeyaveImMId1anan vy 1¥auty VIOL uuy SLT tldwasea i
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Wing span Take-off Payload | Endurance | Stall speed | Speed Cruise-

UAV (m) weight (kg) (kg) (hr) (m/s) Max(m/s) Wp/Wt
Eagle hreo 3.5 18 1.1 120 13 24-35 0.06
Tiger shark 3.5 22 1.5 120 19 26-33 0.07
Daegon VIOL 3.05 14 1.5 120 17 23-33 0.11
Ranger VTOL 3 14 1 120 17 23-33 0.07
EWG E2V 29 12.75 2 90 13 16-25 0.16
cwio 2.6 12 2 90 20-30 0.17

Average 0.11
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M3 2 madszanaAniminussnE uAuYeIIMATIY

Main Components Sub-Components Weight (g)

Avionics + Payload Servos x4 160
Receiver 120
Flight Control 150
Speed Control 100

Gimbal 2000

Battery Li-po Battery 1500
Li-Ion Battery 4000

Propulsion Group Vertical Thrust Motor x4 2000
Forward Thrust 650

Airframe Empty Airframe 7,500

Initial Total Weight 18,180

3.13 mydsymnamaussougIngavesermeeny 1 ausy VTOL 1y SLT (Estimation of Critical Performance)
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910 Raymer,D., 2012 [17] Mailtiongaimunzauveanidulsidragflsznoudas A1 Power loading (W/P)

o

fi1 Wing Loading (W/S) #aflaumsaaaumsi (1), 2), 3) wag (@) ae'li

(1) A¥550ULN51A87 (Maximum Load/Turn)

W= ssoln , [ovicoo () + ZK;_\Zz (3)] )

2) ANTTOUEMIUUAUNI (Cruise Performance)

1 1
HP 2 ~ 3 /2W\2
He_ 2 i i (20) @
w 550Mmp , pS

(3) ANsIOUL MIUUNUUIY (Endurance Performance)

1

1 3
HP 4 Z K\z [2W)\2

w =m0 5)' 55) ®
W 550m, DO\3 pS
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(4) gUTTOULNIZIINAU (Stall Condition)

w p 2

—==C V. 4
WS 2 L,max VSo 4)

Tagnnmsmuaaleaumsi (1) 849 (4) tazainei luaseh 3 ildenso@ounsvl aussauzinga

Constraint Diagram 1@daga 7

L}

M9 3 MINMIMHUAMANLTIET AU IUaUMIVO LIVATNTTAULOIMABULUY Fixed-wing

Vi Vioiter p@lSOm (Kg/ m3) p@SL
(m/s) (m/s) (Kg/m’)
14 18 1.207 1.225

n, ROC e K
(m/s)

0.7 5 0.8 0.099432

Lmax Coo AR i

1.4 0.05 14.8 2.05

35

o |

\ ——Load in turn

25

.

Cruise

= Endurance

—Stall

P/W (W/N)
L=

0 50 100 150 200 250

W/S (N/m’)
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3.1.4 mitszanummasunazndasanun 19lumsdu@unig (Forward Flight Power and Energy estimation)
o Aq YR & A J A o Y o dﬂl
3.14.1 msdszanamasuildsailufnvesmanuguuamesvesoinmeeu dunsofn 1 gl
o [ a a < A Ao
msfandany lihvesmsfuaunediennusineh Admua 18 m/s Taeldaan 2 hr
Tmslgiiamsne

o v o Ay . A o Y 3 { o {
ﬂ1ﬂﬁﬂﬂ1§ﬂ1ﬁ\1ﬂlﬂﬁﬁﬂﬂﬂ15 (Power reuired, Pr) ﬂl@ﬂﬂ?iﬂuﬁiﬂigﬂﬂﬂﬁﬂﬂ’ﬂﬂﬁ'Jﬂ\iﬁ ﬂﬂﬁllﬂ"lﬁﬁ 5)

1 w2 1
Preq =5 PV3SCp, + s (—) 5
req = 3P Po T 1ovs \meaR )
sazaumsmaana llihndeens (Electric power, P,) AaruMIsi (6) wazaumsi (7)

P
P, =— (6)

NMmNp

P, = IE )

Taoh 1 Ao nszualild mise wewnls (A E fie Arnnuaiadng viie Taad (V) )y, Ao
1 A a 4 A ' A a o = A 1Ay o '
Anlszanimmuena’ uaz My, Ao alszansanlusia 9naunsi (5) - (7) WounuATNANUDIALY TR 9
Amrualuaisan 3 aunsamuiasasimslenszua i lugemstiu@unanse Cruise currrent draw IaMA
] Y
22.77 A (819DINAUUAINBT 6S 22.2V ) #3171 91NN UAAINADINITVDY Endurance 1M1 2 hr 3z 3iAud0ans
[ ~ " W = au A 9 A a 4 a A 1 ] I
nwaa liihnuuames minw 45,540 mah FaluandsadenlFuumnes via 6 ivaduuvamenleou uaedalsfay
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T Y Y ]
uuaMes NAe 1IN 50,600 mAh aaiu Mndeyannudesmsnasa idinan Tuaiteil lddenuuanes

frfionlooou (Li-ion 6S 52,000 mAh ) 1141in 4.7 kg fiagili 8
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3.1.4.2 M3UszuausuveINDIADTUBIDINIAETU (Motor and Propeller)
o 1 @ o o 1T o o w 4 4
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<3 a a
%30 Thrust to Weight ratio (T/W) Memsrsanus lumstuauma
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Abstract

This research is a study of order quantity determination by applying EOQ and Silver Meal theory
case study of wholesale company in Nakhon Pathom province. The objectives of this research were 1) to
determine the order quantity using EOQ and Silver Meal theory and 2) to reduction of inventory costs using
EOQ and Silver Meal theory. This research uses data on packaging types from January 2023 - December
2023, with a total of 162 product items. The research steps are 1) grouping of product items by using the
ABC Analysis technique 2) finding the cost of ordering per time 3) finding the coefficient of variation 4)
finding the order quantity using EOQ theory and Silver Meal 5. ) comparison of inventory costs before and
after using EOQ and Silver Meal theory. The results of the research showed that:

1. The results of finding order quantity using EOQ and Silver Meal theory found that this research
divided the products into 3 groups: Group A products, 28 items, Group B products, 85 items, and Group C
products, 49 items. When group A products were used to find the theory that was suitable for ordering, it
was found that there were 24 products that were suitable for using the EOQ theory and 4 products that were
suitable for using the Silver Meal theory. When all group A products are taken to find the theoretical purchase
quantity. The total order quantity was 15,181 units, which was higher than the order quantity before using
the theory of 1,295 units. As a result, the number of ordering cycles after using the EOQ and Silver Meal
theories decreased.

2.The results of reducing inventory costs using the EOQ and Silver Meal theories found that inventory
costs before using the EOQ and Silver Meal theories were equal to 641,462.32 baht and inventory costs after
using the EOQ and Silver Meal theories were equal to 105,098.13 baht. Therefore, inventory costs decreased

by 536,364.19 baht. Accounting for 83.73 percent.
Keywords: Order Quantity, Inventory Costs, EOQ theory, Silver Meal theory
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Abstract
The purpose of this research is to study the efficiency of concrete of low cost that mixed with used ESP
foam replaced some fine aggregate for construction, comparing with typical concrete and assessment for cost of
concrete mixed with used ESP foam. The testing of compressive strength compared with typical concrete and

concrete which mixed with EPS foam in rate of 0.03%, 0.05%, 0.07%, 0.1%, 0.2%, and 0.3% by weight of fine
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aggregates and the curing age of 7,14 and 28 days. The results have shown that increased EPS foam the lower the
strength compare to typical concrete. The proper percentage of EPS foam is no more than 0.1 % by weight, average
strength of 220 kg/cm2 and average density of concrete is 1%-3% lower than density of typical concrete. The cost

of concrete is around 2,001 baths per cubic meter which is 2% lower than typical concrete.

Keywords: Concrete mixed with EPS foam, Concrete cost, Used EPS foam
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Abstract

The objectives of this study were to study marketing factors influencing COVID-19 medicine purchasing
decision behavior (Case study government hospitals). The sample group includes 400 people who have decision-
making power to purchase pharmaceutical products in government hospitals. The instrument used in the study was
the 5Ps marketing mix factors, namely Product, Price, Place, Promotion, and People and Conjoint Analysis Method.
According to the study's findings, the marketing factor that has the greatest effect on decision-making behavior in
purchasing medical supplies to treat COVID-19 is Product factor at 35.04%, followed by the Place factor at 17.95%,

the People factor at 17.59%, the Price factor at 15.70%, and the Promotion factor at 13.27%, respectively.

Keyword: Medicine, SPs Marketing Mix Factors, Purchasing decision, Conjoint Analysis Method
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Abstract

The objectives of the research and development of satellite engineering model to analyze the attitude
determination and control system are to study the relevant knowledge in the construction of a 3U satellite
engineering model consisting of the structure of the satellite engineering model, command and data handling system
(CDHS), electrical power system (EPS) and attitude determination and control system (ADCS). The system
interoperability is designed and built into a satellite engineering model focusing on the analysis of the satellite's
attitude determination and control system by considering the installation of 3 EA Magnetorquer devices and 1 EA
Reaction Wheel. The results of this research resulted in the knowledge of satellite engineering model design and a
3U satellite engineering model, which includes a feature subsystem of design along with being able to pass
interoperability testing, Hardware in the Loop testing developed and built a computational program for the analysis
of the attitude determination and control system and testing under real environment simulation with Helmholtz
Cage, which can validate that the attitude determination and control system of the satellite engineering model could
regulate the tracking error angle and tracking error angular velocity of satellite model in both Detumbling Mode

and Nominal Mode in a consistent and comparable manner.

Keywords: Satellite, Satellite Engineering Model, Attitude Determination and Control System
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Abstract
The purposes of this research study are as follows: 1) to design and develop the problem report system
though the Line application and 2) to facilitate all public officers and workers to live and work in Navaminda
Kasatriyadhiraj Royal Air Force Academy by using Line Message API to write automatic chatbot program
with the geographic information system (GIS). The satisfactions towards the system were evaluated in four aspects:
requirements, correctness, simplicity and stability. The average satisfaction was 4. 64. The standard deviation

was 0.51. These showed that the system met the good criteria.

Keywords: Line Message API, Chatbot, GIS
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Abstract

In the 20th century, epoxy resins have found great applications that are widely used in everyday life with
the carbon group reinforcing to have better mechanical properties. This research was studied the mechanical
properties of epoxy composites reinforced with carbon black composite materials. The main objective is to study
the effect of solvents on the flexural properties of epoxy resin and tensile properties of epoxy composite materials
reinforced carbon black. The results indicated that all 4 different polarity solvents that are ethanol (EtOH), Methanol
MeOH), Acetone and Methyl Ethyl Ketone (MEK) in 1 wt.% had no significantly effect on the stress, Young's
modulus, and stress at yield point in flexural property of epoxy resin. In addition, the composite materials reinforced
with carbon black in 0.05, 0.2, 0.3, 0.4, and 1 wt.% affect the tensile properties. The composite materials reinforced

with 0.3 wt.% of carbon black increase the stress at yield point to 33%.

Keywords: composite materials reinforced carbon black, solvent, flexural property, tensile property.
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Abstract
A climb-cruise is a straight climb with objectives to gain altitude, as well as ground distance. Climb-
cruise performance is compared with traditional flight profile consisting of a separate climb and a cruise between
the same starting and end points. The flight mechanic analysis of climb-cruise is presented. Examples of
performance comparisons between climb-cruise and traditional climb and cruise for 3 example aircraft types are
shown. Minimum fuel climb-cruise is the focus of this study, therefore positive fuel saving and time saving are

presented to show that climb-cruise is superior over traditional climb and cruise profile.

Keywords: Performance, Climb speed, Fuel saving, Flight mechanics, Climb-cruise

1. Introduction

Traditional flight analysis considers a flight of single segment, such as takeoff, climb, cruise, descent and landing, and
formulates an optical flight technique for each segment. Actual flight involves multiple segments, theoretically each segment
follows optimal technique, such as climb at maximum rate, cruise at maximum range, etc. Climb-cruise analysis considers
2 segments of climb and cruise together to optimize a technique that produces the best sum of altitude gain and ground
distance.

Fig. 1 shows 2 aircraft of the same type, AC1 and AC2, climbing from the same starting point (O) to the same target
altitude. AC1 climbs with optimum climb speed (V) to point A on target altitude, then turns to fly level with optimum
cruise speed (V,) to point B. AC2 climbs with an arbitrary climb speed (V,) that is faster than V|, to the same point B.
AC1 and AC2 fly from the same starting point (O) to the same end point (B), covering the same ground distance. AC1 flight
profile consists of a climb segment (1) and a cruise segment (2). AC2 combines both segments into one segment (3), defined
as a “climb-cruise”. Fuel-used and flight time differences between AC1 and AC2 are the comparison between normal flight
profile of separate climb and cruise to a climb-cruise profile.

This author presented similar study named “Far and Fast Climb” in NKRAFA Journal of Science and Technology
Vol.17 No.1 [1], which focused mainly on distance extension and fuel saving as a supplement. The current study renames
the profile to a “climb-cruise” and focuses mainly on fuel saving, with time saving as a supplement. The analyses are more
orderly after gaining more experiences of studying this flight profile. This study is presented in English to offer

internationally for discussion.
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Targetaltitude Vs

0]

Fig. 1 Flight profile comparison between traditional climb and cruise (AC1) and a climb-cruise (AC2)

2. Flight Mechanics of a Climb-Cruise

On segment 1 in Fig. 1, altitude band (AH) is a product of vertical velocity (V_,) and time to climb (t,),

Ground distance (S,) is a product of climb speed (V,) and t,,

51 = Vltl (1)
5_ N
Therefore, 2V 2

1

Quantity of fuel used (w,) is the product of specific fuel consumption (SFC = Wr,) and flight distance, which is

approximately equal to ground distance because climb angle is small. Therefore,
Wr = wf 21 Sq

SFC is a ratio of fuel flow (Wy) to velocity (V,), so

w
f1
Weg = —— Sl
f1 v,
Divide by AH and substitute equation (2) to get
Wi _ W _Wn 3)
AH Vi Vo, Wy,
. 5 _ Y
Similarly, on segment 3 i ", 4)
Wrs _ Wrs
and MV, (5)

3

On segment 2, ground distance (S,) is the difference between S, and S|, so
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S2 _ S _ 51
AH AH AH
Wra _Wr2 Sz _ W (ﬁ_s_l)

and = =
AH Vo, AH  V, \AH AH

w w V- V.
Substitute equation (2) and (4) to get L2 = Zfe (—3 - —1)
AH Vo Vg Vi,

Fuel-used difference between AC1 and AC2, or fuel saving, is
Awy = (wy, +wp,) — wy,

Substitute equation (3), (5) and (7) to get

AH Vo, V2 Vg Vo Voo

Aﬂz[m M(ﬁ_ﬁ)]_%

95

(6)

(7

®)

Difference of flight time between AC2 and ACl is also interesting. Flight time of segment 1 in Fig. 1 can be calculated

by equation (1),
-5
ty = "
Divide by AH and substitute equation (2) to get
ty _ S 1 _ 1

- ts _ 1
Similarly for segment 3, i Tor
. Sz
For segment 2, apply equation (9) t, = v
2

then divide by AH and substitute equation (6) to get
L _ 1 (5_3 — 5_1)
AH ~ V, \AH AH

. . t 1 (V- V.
Substitute equation (2) and (4) to get 2= (—3 - —1)
AH ~ Vo \Vyy Vi,

Flight time difference between AC2 and ACI1, or time saving, is calculated from

M (L) &
AH ~ \AH ' AH/) AH
Finally, substitute equation (10), (11) and (12) to get

At_[1+1<V3 Vl)] 1
A |V, Va\Voy Vo, vy

3

©)

(10)

(1

(12)

(13)
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Equation (8) and (13) determine fuel saving and time saving (+ differences as + savings) of climb-cruise over separate
climb and cruise profile.
3. Minimum Fuel Climb-Cruise

Finding optimal climb-cruise speed depends on the flight objective which would select the objective parameter and the
reference flight profile (climb and cruise). For example, if the flight objective is to save fuel, then the objective parameter is
fuel saving (Equation (8)) and the reference flight profile consists of minimum fuel climb (V, as minimum fuel climb speed, V)
and maximum range cruise (V, as maximum range speed, V). If the flight objective is to save time, then the objective
parameter is time saving (Equation (13)) and the reference flight profile consists of maximum rate climb (V, as maximum rate
climb speed, Vy) and maximum ground distance level flight (V, as maximum level speed). This research will concentrate on

minimum fuel climb-cruise at a specific altitude and demonstrate fuel saving of climb-cruise for example aircraft.

4. Fuel Saving by Climb-Cruise at 10,000 feet, for PA-28R-200 Piper Arrow II
PA-28R-200 Piper Arrow II in Fig. 2, is a light propeller aircraft with a Lycoming 10-360-C1 C piston engine.
Following data on the aircraft, engine and propeller are from McCormick [2] and PA-28R-200 Flight Manual [3].

Fig. 2 PA-28R-200 Piper Arrow II

Table 1. PA-28R-200 Piper Arrow II and engine performance data

Weight 2,650 Ibs

Wing area 169 sqf

Zero-lift drag coeff. (Cp,) 0.026627

Induced drag factor (K) 0.074119
Climb power @ 10,000 ft 130 hp (65% power)

Climb fuel flow @ 10,000 ft

9.16 gal/hr (@ 65% power)

Cruise power @ 10,000 ft

55% (100% = 200 hp)

Cruise speed @ 10,000 ft

147 mi/hr (@55% power)

Cruise fuel flow @ 10,000 ft

8 gal/hr (@55% power)

Propeller diameter

6.17 ft

Propeller speed

2,500 rpm
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For a propeller aircraft, rate of climb (V) is calculated from

_ Pg—Py
v, ="t (14)

P, is available power and calculated from
Py =n,P, (15)

P, is engine power and 1 is propeller efficiency. For a climb at 10,000 ft, engine climb power (P,) is at 130 hp.
Data for PA-28R 1 is given in [2, pp 361-362]. Fig. 3 presents 1, as a function of advance ratio (J) at power coefficient (Cp)

0f 0.063 which corresponds to climb power of 130 hp, propeller diameter of 6.17 ft and propeller speed of 2,500 rpm.

PA-28R Propeller Efficiency, Cp = 0.063

0.9
08 L
0.7

06 &7y =0.5007x¢ - 1.8868? + 2.3203% - 0.0839
05

0.2
0.1

Fig. 3 Propeller efficiency (1),) for PA-28R Piper Arrow at C, of 0.063

P_in equation (13), is required power and calculated from [4, pp 294-299, 363-367]

P. =DV = (CpqS)V (16)

D is a drag and V is the climb speed. D is calculated from drag coefficient (C), dynamic pressure (q = % pV?Y)

and wing area (S). C,, is calculated from drag polar relation,
Cp =CD0+KCL2 (17)

Cp, is the zero-lift drag coefficient and K is the induced drag factor. C,; and K can be calculated from data given

in [2, pp 435]. C, is lift coefficient which can be calculated from

w

L is lift and assumed to equal weight (W) during a climb because climb angle is small.

For aircraft with piston engine, fuel flow is constant at the same power setting and altitude. Therefore, for a climb
at 10,000 ft with 130 hp (65% power), fuel flow of PA-28R-200 is 9.16 gal/hr for all airspeeds.

For climb (segment 1) and cruise (segment 2) segments in Fig. 1, V, is minimum fuel climb speed (V_,) and V, is

maximum range speed (V) to achieve minimum fuel used. V_ is given in the Flight Manual [3, pp 36] at 10,000 ft and

mr

55% power as 147 mi/hr (216 ft/s), and fuel flow of 8 gal/hr [3, pp 37]. Fig. 4 shows rate of climb (ROC) and specific rate
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of climb (SRC) at 10,000 ft, calculated from Equation (14). SRC is the ratio of ROC to fuel flow and V_, is the speed at
maximum SRC, which is 157 ft/s in Fig. 4. As shown in Fig. 4, V ,is the same as V,, which is the maximum climb rate
speed. V, and maximum ROC is given in the Flight Manual [3, pp 26, 35] as 95 mi/hr (139 ft/s) and 400 ft/min (6.67 ft/s).
Comparison of maximum ROC from the Flight Manual (6.67 ft/s) with value in Fig. 4 from calculations (6.74 ft/s) shows

the difference of 1%, confirming the correspondence of calculations to actual performance.

PA-28R-200, Climb Performance at 10,000 ft
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Fig. 4 PA-28R-200 Climb Performance at 10,000 ft

Fig. 5 shows results of fuel saving, calculated with Equation (8), and time saving, calculated with Equation (13).
Positive fuel saving exists over the 157 - 208 ft/s speed range and maximum fuel saving occurs at speed of 187 ft/s
(127.5 mi/hr). The maximum fuel saving is 0.13 gal/mi which accounts for 4.9% of the total fuel used by the reference flight
profile (separate minimum fuel climb and maximum range cruise). It is interesting to note that the Flight Manual also
recommends en route climb speed of 110 mi/hr [3, pp 26] which is higher than best rate climb speed (95 mi/hr). Minimum
fuel climb-cruise speed is 127.5 mi/hr which is higher than both best rate climb speed and en route climb speed. Time saving
at minimum fuel climb-cruise speed is also positive at 0.0114 s/ft, which accounts for 8.2% of total time used for the
reference flight profile (separate minimum fuel climb and maximum range cruise). Positive time saving shows continuous

increase from the beginning of positive fuel saving speed at 157 ft/s onwards.

PA-28R Climb-Cruise Performance at 10,000 ft

0.3 0.06

Fuel Saving (gal/mi)
[=]
Time Saving (s/ft)

v (ft/s)

—=&— Fuel Saving --A-- Maxfuel saving = B = Time Saving

Fig. 5 PA-28R-200 Climb-Cruise Performance at 10,000 ft
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Fig. 5 confirms that a PA-28R-200 aircraft travels from O to B in Fig. 1, using climb-cruise profile with V, = 127.5 mi/hr
(187 ft/s), uses less fuel and takes less time than climbs with V| = 107 mi/hr (157 ft/s), then cruises with V, = 147 mi/hr

(215.6 ft/s), as recommended by the Flight Manual.

5. Fuel Saving by Climb-Cruise at 15,000 feet, for C-130H

C-130H, Fig. 6, is a medium military transport. Propulsion system consists of (4) T56-A-15 turboprop engines from
Allison Rolls-Royce, and constant-speed propellers 54H60 from Hamilton Standard. Fuselage is pressurized to enable
cruising at altitudes up to 30,000 ft. Therefore, fuel saving with climb-cruise will be demonstrated at 15,000 ft altitude

and 155,000 1b weight, with following data.

Fig. 6 C-130H with (4) T56-A-15 turboprop engines

Table 2. C-130H and engine performance data

Weight 155,000 Ibs [5, pp 1-4]
Wing area 1,745 sqf [6]
Zero-lift drag coeft. (C,,) 0.0227 [7]
Induced drag factor (K) 0.0291 [7]

Engine at TIT 1,010 °C

- Power available [8, pp 2-4]

- Fuel Flow [8, pp 2-6]
Specific Range [8, pp 5-19]

Propeller diameter 13.5ft[9, pp 1-7]

Propeller speed 1,020 rpm [9, pp 1-8]
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T56-A-15 at 15,000 ft and TIT = 1010 C
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Fig. 7 T56-A-15 power available and fuel flow at 15,000 ft and TIT at 1,010 °C
C-130H is a propeller aircraft, similar to PA-28R-200, but turboprop engines and constant-speed propellers are more
affected by airspeeds. In a climb at 15,000 ft, TS6-A-15 engine TIT is set at 1,010 °C and power available and fuel flow
for each engine are obtained from SMP 777 Performance Data Flight Manual [8, pp 2-4, 2-6] and shown in Fig. 7.
Propeller efficiency (“r]p) can be calculated from a cruise performance chart which displays engine power and

true airspeed during a cruise. At constant speed and constant altitude, power available equals power required (DV).

P,=P
ine =DV
and p = ? (19)

C-130H specific range chart at 15,000 ft and 155,000 1b weight [8, pp 5-9], displays engine torque (Tq) against true

airspeed (V), as shown in Fig. 8. Engine power (P_) relates to torque as P, =0.2139 Tq [8, pp 2-1] and shows in Fig. 8 also.

C-130H Cruise at 15,000 ft and 155,000 Ibs
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Fig. 8 C-130H power required in a cruise at 15,000 ft and 155,000 1bs

Drag (D) in Equation (19), can be obtained from drag polar, using Equation (16), (17) and (18). Propeller efficiency (T]p)

%4
is calculated from Equation (19) and plotted against advance ratio, | = D’ in Fig. 9.
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C-130H Propeller Efficiency
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Fig. 9 C-130H propeller efficiency
Climb performance at 15,000 ft and 155,000 Ibs weight is shown in Fig. 10. Rate of climb (ROC) varies with the
difference between power available (P,) and power required (P,), as shown in Equation (14). P, is calculated by Equation (15)
with 1, from Fig. 9 and P, from Fig. 7. P, is obtained from drag polar using (16), (17) and (18), and Cp,, and K from [7].
Specific rate of climb (SRC) is the ratio of climb rate and fuel flow and also shown in Fig. 10. Vy is the maximum ROC

speed and V is the maximum SRC speed. Both V, and V ;occur at 170 kts CAS.

mf

C-130H, Climb at 15,000 ft and 155,000 Ibs
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Fig. 10 C-130H climb performance at 15,000 ft and 155,000 Ibs

Fig. 11 demonstrates climb-cruise performance of C-130H at 15,000 ft and 155,000 1b weight. The speed in climb segment
of Fig. 1 (V) is flown with V_; (maximum SRC speed) of 170 kt CAS to minimize fuel used. The speed in cruise segment of
Fig. 1 (V,) is flown with V__(maximum range cruise speed) of 260 kt TAS (206 kt CAS). V__is selected at the point of maximum
specific range (SR of 52 nm/1,000 Ib of fuel) from the SR chart at 15,000 ft and 155,000 Ibs [8, pp 5-19]. Fuel saving in Fig. 11
is calculated with Equation (8) and time saving with Equation (13). Positive fuel saving exists over the 170 - 230 kt CAS range,
and maximum fuel saving occurs at speed of 210 kt CAS. The maximum fuel saving is 44.9 Ib/nm which accounts for 4.36%
of the total fuel used by the reference flight profile (separate minimum fuel climb and maximum range cruise).

Time saving at minimum fuel climb-cruise speed is also positive at 0.0238 hr/nm, which accounts for 14.3% of total
time used by the reference flight profile (separate minimum fuel climb and maximum range cruise). Positive time saving

shows continuous increase from the beginning of positive fuel saving speed at 170 kts CAS onwards.
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C-130H Climb-Cruise at 15,000 ft and 155,000 lbs
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Fig. 11 C-130H climb-cruise performance at 15,000 ft and 155,000 Ibs
Similar to the findings with PA-28R-200 in Fig. 5, Fig. 11 confirms that C-130H aircraft travels from O to B in Fig. 1,
using climb-cruise profile with V, =210 kt CAS, uses less fuel and takes less time than climbs with V|, = 170 kt CAS, then

cruises with V, = 206 kt CAS, as recommended by the Flight Manual.

6. Fuel Saving by Climb-Cruise at 20,000 feet, for B747-100

Fig. 12 B747-100 aircraft with 4 JT9D-7A turbofan engines

B747-100 in Fig. 12, is a large passenger aircraft with (4) JT9D-7A turbofan engines. Following data on aircraft
and engine are from [2, pp 432, 400-401].

Table 3. B747-100 and engine performance data

Weight 3,260 kN

Wing area 511 sqm

Zero-lift drag coeff. (Cp,) 0.01818

Induced drag factor (K) 0.06543
Engine maximum climb performance Fig. 13 [2, pp 400]
Engine maximum cruise TSFC Fig. 14 [2, pp 401]

For a turbofan aircraft, rate of climb (V) is calculated from [4, pp 479-489]
T-D
w=v(5) @0

T is thrust and varies with Mach number (M) as shown in Fig. 13. D is drag and calculated with Equation (16), (17)
and (18) at 6,000 m (19,685 ft) altitude and fuel flow (W) is calculated from
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Fig. 13 JTO9D-7A turbofan engine, maximum climb performance at 20,000 ft
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TSFC is thrust specific fuel consumption, a ratio of fuel flow to thrust, and also obtained from Fig. 13. For minimum

fuel used in the climb segment of Fig. 1, V, is the minimum fuel climb speed (V). Fig. 14 shows rate of climb (ROC) and

specific rate of climb (SRC) at 6,000 m (19,685 ft), calculated from Equation (20). SRC is the ratio of ROC to fuel flow

and V. is the speed at maximum SRC. V, ;is at 198 m/s in Fig. 15 and slightly less than V, the maximum climb rate speed

of 204 m/s. Reference [10] shows indicated climb speed of 290 kts (true airspeed of 390 kts, or 201 m/s) produces rate of

climb of 1,000 ft/min (5.08 m/s) at 20,000 ft, which are compatible with maximum rate climb speed (Vy at 204 m/s) and

maximum ROC (5.1 m/s) in Fig. 14.

B747-100 Climb Performance
W=3260 kN, H=6,000 m

12
1
RS X B Ky, g
% 038 B i Mo
= ¥ i .
£ os i B
& i
v 04 |
0.2 :
i
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160 180 200 220 240
V(m/s)
edees SRC - - A-- Vmf ROC vy

Fig. 14 B747-100 Climb Performance at 3,260 kN weight and 6,000 m altitude

260

ROC (m/s)

For minimum fuel used in the cruise segment of Fig. 1, V, is the maximum range speed (V). V, occurs at minimum

specific fuel consumption (SFC) [4, pp 508-516] which is the ratio of fuel flow (W¢) to airspeed (V). Fuel flow (W¢)

is calculated from Equation (21) and TSFC is obtained from Fig. 15. Thrust (T) equals to drag (D) which is calculated from

Equation (16), (17) and (18) at 6,000 m (19,685 ft). SFC is presented in Fig. 16 and V,

mr?

at minimum SFC, is at 218.5 m/s.
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JT9D-7A Maximum Cruise TSFC at 20,000 ft
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Fig. 15 JT9D-7A turbofan engine, maximum cruise TSFC at 20,000 ft
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Fig. 16 B747-100 Cruise SFC at 3,260 kN weight and 6,000 m altitude

Fig. 17 shows results of fuel saving, calculated with Equation (8), and time saving, calculated with Equation (13).
Positive fuel saving exists over the 198 - 251 m/s speed range, and maximum fuel saving occurs at speed of 227 m/s (0.72 M).
The maximum fuel saving is 0.0373 kg/m which accounts for 2.9% of the total fuel used by the reference flight profile
(separate minimum fuel climb and maximum range cruise). Time saving at minimum fuel climb-cruise speed is also positive
at 0.0275 s/m, which accounts for 11.5% of total time used by the reference flight profile (separate minimum fuel climb
and maximum range cruise). Positive time saving shows continuous increase from the beginning of positive fuel saving

speed at 198 m/s onwards.
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B747-100 Climb-Cruise Performance
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Fig. 17 B747-100 Climb-Cruise Performance at 3,260 kN weight and 6,000 m altitude

Similar to the findings with PA-28R-200 in Fig. 5 and C-130H in Fig. 11, Fig. 17 confirms that B747-100 aircraft
travels from O to B in Fig. 1, using climb-cruise profile with V, = 227 m/s, uses less fuel and takes less time than climbs

with V|, = 198 m/s, then cruises with V, = 218.5 m/s, as recommended by theory.

7. Conclusions and Recommendations

7.1 Climb-cruise provides fuel and time savings over separate climb and cruise segments. The results are confirmed
by light propeller aircraft (PA-28R-200), medium military transport (C-130H) and large passenger aircraft (B747-100).

7.2 Optimal climb-cruise speed depends on the flight objective. This study chooses minimum fuel-used as the
objective and chooses the reference profile to consist of minimum fuel climb and maximum range cruise. The optimal
climb-cruise speed is found to be appreciably higher than minimum fuel climb speed.

7.3 Fuel saving is not very high, 4.9% for light propeller aircraft, 4.4% for medium military transport and 2.9%
for large passenger aircraft. Time saving is higher but still not very high, 8.2% for light propeller aircraft, 14.3% for medium
military transport and 11.5% for large passenger aircraft.

7.4 Although fuel and time savings are not high, climb-cruise is more comfortable to aircraft pilots and passengers.
Higher climb speed of climb-cruise allows for lower climb angle and better visibility for pilots. Lower climb rate reduces
aircraft cabin pressurization rate of adjustment and less passenger discomfort.

7.5 Further studies should be conducted on:

* A full climb through an altitude band from lower altitude to maximum altitude,
* Other flight objective, such as minimum time climb-cruise, and

+ Other flight segments combination, such as cruise-descent, climb-descent and climb-cruise-descent.

8. Nomenclature

p = Air density Tq = Torque

MNp = Propeller efficiency TSFC = Thrust specific fuel consumption
Cp = Drag coefficient \% = True airspeed

Chy = Zero-lift drag coefficient V.: = Minimum fuel climb speed

C, = Lift coefficient A" = Maximum range cruise speed

mr
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C, = Power coefficient vV, = Vertical velocity, or rate of climb
CAS = Calibrated airspeed v, = Maximum rate of climb speed
d = Propeller diameter W, = Fuel used

D =Drag Aw, = Fuel saving

FF  =Fuel flow Wt = Fuel flow

AH = Altitude band W, = Specific fuel consumption
J = Advance ratio 4 = Aircraft weight

K = Induced drag factor C = Celsius

L = Lift ft = foot

M = Mach number gal = gallon

n = Propeller rotational speed hp = horse power

P, = Power available hr = hour

P, = Engine power in = Inch

P, = Power required kKN  =kilonewton

q = Dynamic pressure kt = knot (nautical mile/hr)
ROC = Rate of climb Ib = pound

S = Wing area Ib, = pound force

SFC = Specific fuel consumption m = meter

SR = Specific range mi =mile

SRC = Specific rate of climb nm = nautical mile

t = Flight time rpm = revolution per minute

At = Time saving S = second

T = Engine thrust sqf = square foot

TAS = True airspeed sqm = square meter

TIT = Turbine inlet temperature
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Abstract
This research examines cost reduction in logistics by selecting appropriate transportation mode for a case
study of a safety glass manufacturer using the Analytic Hierarchy Process (AHP) decision criteria including
transportation cost, transportation time, material handling equipment, document management, and product security.
From three transportation modes - road, water, and air transport - the study found that road transportation has the
highest importance weight at 2.8 15%. Comparing the costs between the current water transportation and road
transportation obtained from the study, the case study company can achieve an average logistics cost reduction of

1,270,000 baht per year, which is 22%.

Keywords: Logistics Cost, Analytic Hierarchy Process (AHP), Transportation Modes
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Abstract

Nowadays, Unmanned Aerial Vehicles (UAV) are widely popular in many industries, Both military and
civil. As a result, a large number of design and production of this type of the aircraft is occurring. It is consequently
important to adhere to the rules for airworthiness of unmanned aircraft in designing and manufacturing the aircraft.
However, Royal Thai Air Force has not yet determined the airworthiness for themselves. But there is a tendency
that the Royal Thai Air Force want to adapt the international airworthiness rules for unmanned aircraft weight under
200 kilogram that worldwide accepted. Thus within this research, the aircraft airworthiness rules known as
STANAG 4703 from North Atlantic Treaty Organization is used for issuing airworthiness certificates for unmanned
aerial vehicles with a take-off weight under 50 kilograms.

The take-off performance of an unmanned aerial vehicle is an important part that indicates its
airworthiness. STANAG 4703 regulations allow this performance to be calculate through both flight testing and
analysis. But within this research, only the analysis method will be used: by creating a program to simulate take-off
flight and then use it to calculate take-off performance of an unmanned aerial vehicle.

Since aircraft performance equations are nonlinear first order differential equations which are initial value
problems, therefore the researchers chose to use both 4" order single step Runge-Kutta method and multistep
Predictor-Corrector method to solve these equations for determining the values of performance variables. The 4"

Adams-Bashforth method is used for predicting variable values. And the 4™ Adam-Moulton method is used for
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correcting the variable values. Besides, the Runge-Kutta method is used to provide initial values necessary for the
multistep Predictor-Corrector method.

The researchers created a program which is written in MATLAB language to simulate take-off flight.
The program was then tested using data from 4 aircrafts consist of 1 radio-controlled aircraft, 1 unmanned aircraft
and 2 single-engine general aviation aircrafts. The data needed for the program are e.g. maximum take-off weight,
fuel weight, take-off speed, stall speed, angle of stall angle, and thrust. The important results from this program are
specifically ground roll and take-off distances. Testing this program by using data form from 4 aircrafts as
mentioned above shows that it works correctly and high precisely: especially, takeoff performance in term of ground
roll and take-off distances have their relative errors with respect to their values from reference data in less than 10%.
Therefore it can be said that this already created program can be used for analyzing takeoff performance of the 4
aircraft types. And these analytical results can be then documented and reported for requiring the airworthiness

certification for small unmanned aerial vehicle according to STANAG 4730 in the part of takeoff performance.

Keywords: Take-off performance, Take-off distance, Climb performance, Airworthiness
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Abstract

Cyber threats have become increasingly severe and sophisticated in recent years, causing significant
impacts on both public and private sectors. Traditional cybersecurity systems are no longer sufficient to cope with
the rapidly evolving threats. This research aims to explore the application of Artificial Intelligence (AI) and
Artificial General Intelligence (AGI) to enhance the cybersecurity capabilities of the Royal Thai Air Force's Cyber
Center. The research methodology begins with studying relevant documents and research papers. It then presents a
conceptual framework for applying various Al techniques, such as Deep Learning, Few-shot Learning, and
Reinforcement Learning, to develop intrusion detection systems, malware prevention systems, and authentication
systems. Additionally, it proposes the use of AGI for in-depth analysis of cyber threats. The research findings
indicate that the application of Al and AGI has high potential to elevate the effectiveness of cybersecurity systems.
Al can help detect, prevent, and respond to threats with greater accuracy, speed, and coverage. Meanwhile, AGI
can enhance the ability to perform deep analysis of cyber threats, uncover complex attack patterns, and predict
future threat trends more effectively than traditional methods. This will enable more efficient planning of preventive
measures. This research proposes an approach to leverage Al and AGI for improving cybersecurity to keep pace
with the changing threat landscape in the modern era. The findings will benefit cybersecurity agencies in further
developing their capabilities to protect organizations from cyber threats more effectively. However, there are still

challenges in technology development, as well as ethical and legal issues that need to be considered in parallel.
Keywords: Cyber threats, Artificial Intelligence, AGI, Cybersecurity
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