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Table 4.2.2-3: Weight Ratios for Payload Trade Study 

 

Table 4.2.2-4: Calculated Takeoff Weight for Payload Trade Study  

  The Empty Weight increased by approximately 1,870.38 pounds.  These changes were very 

critical since this caused the takeoff weight to exceed the design limit of 10,000 pounds.  

Recommendations of limiting total additional weight to 950 pounds should be strictly adhered to for 

optimal results.  Table 4.2.2-4 (above) shows the equations used and values found while comparing our 

Guessed Takeoff Weight versus our Calculated Takeoff Weight. 
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Chapter 5: Graphics 

5.1 Model 

 

Figure 5.1-1: Updated Model 1 for Phoenix IV 

 

Several changes were made to the model such as adding a basic nacelle to simulate the engine 
exhaust outlet and modifying the landing gear toward doing flow simulations on landing gear drag.  
landing gear drag.  This is shown in Figures 5.1-1 (above) and Figure 5.1-2 (below). 

 

 
Figure 5.1-2: Updated Model 2 for Phoenix IV 

 

Work is also being put into modeling the windows to see how they will affect the flow over the 
fuselage.  This is displayed in Figure 5.1-3 (below). 



   

 

31 

 

 

Figure 5.1-3: Updated Model 3 for Phoenix IV featuring Windows 

 

5.2 Simulations 
When running simulations, they were always performed at sea-level, on a standard atmospheric 

day.  The air temperature was set to 59.83 degrees Fahrenheit and the reference air pressure was set to 
14.69595 lbf/in^2.  Velocity of the air flow was set to 1558.35in/s, which equates to 60 knots, our goal 
for the design stall speed. 

 

 

Figure 5.2-1: Flow Trajectories of Wing at 60 knots and 30 deg. of Flaps 
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The flow trajectories, shown in Figure 5.2-1, show that the flaps do influence the lift generated 

by the wings.  Looking at the temperatures over the top surface of the wing in comparison to the 

bottom surface, a change in temperature can be observed.  The air flowing over the top of the wing 

shows a lower temperature to that under the wing.  Applying ideal gas laws, this suggests that there is a 

pressure difference also, assuming that the volume and mass of air remains constant.  Therefore, it can 

be expected that the flaps would increase lift generation when deployed. 

 

Figure 5.2-2: Goal Plots of Wing at 60 knots and 30 deg. of Flaps 

 

Figure 5.2-2 confirms these expectations, showing that the aircraft wing would produce enough 

lift at lower speed to maintain altitude with full flaps extended.  The wing produces 11156 lbf in the 

positive Y direction meaning, even if the aircraft were at its max weight of 10000 lbs, the aircraft has 

more lift than weight with a L/W ratio of 1.1156. 
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Figure 5.2-3: Surface Plot of Pressure Concentrations 

 

Surface pressure contours show leading edge pressure zones on the outer regions of the wing 

and the entire leading edge of the horizontal stabilizer.  This is expected of the horizontal stabilizer but 

shows promising results for the wing. This is displayed in Figure 5.2-1 (above). 

 

 

 

Figure 5.2-4: Cut Plot 1 of Pressure Concentrations 
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Figure 5.2-5: Cut Plot 2 of Pressure Concentrations 

The Vorticity contours show more of the effects of the wing design on the lift produced.  They 

also draw attention to a separation of flow between the inner and outer regions of the wing. This is 

displayed in Figure 5.2-2 (above-above), Figure 5.2-3 (above), and Figure 5.2-4 (below). 
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Figure 5.2-6: Cut Plot 3 of Pressure Concentrations 

 
Figure 5.2-7: Cut Plot 4 of Pressure Concentrations 

 

Two-dimensional pressure contours showed that the wing is producing symmetrical force on the 

yaw axis of the aircraft.  They also show a uniform low-pressure region over the top of the wing, 

meaning that it is producing relatively effective forces toward lift generation.  This is displayed in Figure 

5.2-5 (above), Figure 5.2-6 (below), and Figure 5.2-7 (below-below). 
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Figure 5.2-8: Cut Plot 5 of Pressure Concentrations 

 

 

Figure 5.2-9: Cut Plot 6 of Pressure Concentrations 
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5.3 Layout Design 
The layout of Phoenix IV was designed by the Chief Engineer.  It is optimized with the comfort of 

the instructor, the passengers, and most importantly the training pilot in mind.  Luggage storage will be 
placed in compartments under the seats for both safety and easy access. 

 

Figure 5.3-1: Top View of Phoenix IV Fuselage 

There will be enough room for four passengers in the cabin.  The cabin will feature 4 seats and 2 
foldable tables.  This is shown in Figure 5.3-1 (above) and Figure 5.3-2 (below).  We have yet to 
specify/research any entertainment features for those in the cabin such as television and stereo 
systems.  Depending on the reception of Phoenix IV, this is a possible configuration of the aircraft that 
will be thought about. 
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Figure 5.3-2: Cross Section View of Phoenix IV Cabin 

 

An initial CAD model was also designed and modeled by the Chief Engineer, and it is featured in 
Figure 5.3-3 (below). 

 

Figure 5.3-3: Cut away View of Phoenix IV Interior Model 
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Chapter 6: Calculations 
6.1 Hand Calculations 

• Calculating T/W: 
𝑇

𝑊0
=  𝛼𝑀𝑚𝑎𝑥

𝐶 = .488 ∗ 0.70.728 = 0.3764 

The Thrust to Weight Ratio calculated using Statistical Estimation.  This ratio is later 

used to calculate the takeoff distance of the aircraft. 

𝐿𝑖𝑓𝑡 𝑡𝑜 𝐷𝑟𝑎𝑔 𝑅𝑎𝑡𝑖𝑜 = 
𝐿

𝐷𝑚𝑎𝑥
= 𝐾𝐿𝐷√𝐴𝑤𝑒𝑡𝑡𝑒𝑑 = 𝐾𝐿𝐷√

𝐴

𝑆𝑤𝑒𝑡 𝑆𝑟𝑒𝑓⁄
 

𝐿

𝐷𝑚𝑎𝑥
= 15.5 √

8.88

4.40
= 22.02 

𝑇ℎ𝑟𝑢𝑠𝑡 𝑝𝑒𝑟 𝑊𝑒𝑖𝑔ℎ𝑡 𝑅𝑎𝑡𝑖𝑜 =
𝑇

𝑊
= 

1

𝐿
𝐷⁄

 

𝑇

𝑊
= 

1

22.02
= 0.0454 (𝑑𝑢𝑟𝑖𝑛𝑔 𝑙𝑜𝑖𝑡𝑒𝑟) 

 The Thrust to Weight Ratio was calculated using the maximum coefficient of lift.  This 
information is important for understanding the aircraft’s performance throughout the flight mission. 

• Calculating Takeoff Weight: 
o Guessed W0 = 7230.5 lbs. 

𝑊𝑒
𝑊0

⁄  (𝐽𝑒𝑡 𝑇𝑟𝑎𝑖𝑛𝑒𝑟) = 1.59 ∗ 𝑊0
−0.1 

𝑊𝑒
𝑊0

⁄  (𝐽𝑒𝑡 𝑇𝑟𝑎𝑖𝑛𝑒𝑟) = 1.59 ∗ 7230.5−0.1 = 0.6539 

𝑊𝑒 = 
𝑊𝑒

𝑊0
∗ 𝑊0 = 0.6539 ∗ 7230.5 = 4727.69 

𝑇𝑎𝑘𝑒𝑜𝑓𝑓 𝑊𝑒𝑖𝑔ℎ𝑡,𝑊0(𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑) =
560

1 −
𝑊𝑓

𝑊0
−

𝑊𝑒

𝑊0

 

𝑇𝑎𝑘𝑒𝑜𝑓𝑓 𝑊𝑒𝑖𝑔ℎ𝑡, 𝑊0(𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑) =
560

1 − 0.2687 − .6539
= 7230.52 𝑙𝑏𝑠 

 The Takeoff Weight was calculated using ASW Sizing calculations in which the initial weight was 
guessed and through a series of calculations and corrections using the equations above, the final Takeoff 
Weight was calculated.  This information was used in other points of calculations in regard to the 
aircraft’s weight during and after flight as well as to confirm that it is within the Very Light Jet category 
of aircraft.  

• Wing Loading for Cruise: 
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𝑊

𝑆
(𝑀𝑎𝑥 𝐽𝑒𝑡 𝑅𝑎𝑛𝑔𝑒) = 𝑞√𝜋𝐴𝑒𝐶𝐷0

/3 = 187.83 𝑝𝑠𝑓√𝜋 ∗ 8.88 ∗ 0.3712 ∗
0.0242

3
= 54.29 

 The wing loading was calculated using conditions for cruise altitude.  This formula specifically for 
maximum jet range.  This will help understand how the Phoenix IV will perform at the altitude it will 
spend most of its flight time in. 

• Calculating Takeoff and Landing Distance: 

𝑇𝑎𝑘𝑒𝑜𝑓𝑓 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =
𝑊

𝑆⁄

𝜎 ∗ 𝐶𝐿 ∗ 𝑇
𝑊⁄

 

𝑇𝑎𝑘𝑒𝑜𝑓𝑓 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 
50

(
0.00231 𝑠𝑙𝑢𝑔𝑠/𝑓𝑡3

0.00238 𝑠𝑙𝑢𝑔𝑠/𝑓𝑡3) ∗ 0.1108 ∗ 0.3764
 

= 1235.2 𝑓𝑡 

𝐿𝑎𝑛𝑑𝑖𝑛𝑔 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 80 ∗ (
𝑊

𝑆
) ∗ (

1

𝜎 ∗ 𝐶𝐿𝑚𝑎𝑥

) + 𝑆𝑎   {𝑓𝑡} 

= 80 ∗ 50 ∗

[
 
 
 
 
 
 
 

1

(
0.00231

𝑠𝑙𝑢𝑔𝑠
𝑓𝑡3

0.00238
𝑠𝑙𝑢𝑔𝑠
𝑓𝑡3

) ∗ 12.316

]
 
 
 
 
 
 
 

+ 1000 𝑓𝑡 = 1334.6 𝑓𝑡 

 The Takeoff and Landing distances were calculated using the historical wing loading for a trainer 
jet as depicted in Table 5.5 (Raymer 124).  This information was used in the mission profile as the ground 
roll values. 

 

6.2 Excel Calculations 
An extensive list of values and symbols was needed and used in the calculation of the weight of 

Phoenix IV.  This list includes aspect ratios for the Wing, the Vertical Tail, and the Horizontal Tail.  It also 

includes Wingspan, Tail Length, Horizontal Tail Aera, Flight Design gross Weight, and many more.  The 

entire list/table is shown in Table 6.2-1 (below). 

 

 

 

 

 



   

 

41 

 

Table 6.2-1: Symbols, Terminology, and Values for Weight Disciplinary Analysis 

 

Table 6.2-2: Calculated Weight of Aircraft 
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All the major parts of the aircraft had their weights calculated and entered into the spreadsheet 
in order to properly calculate the total weight of the aircraft.  Each major component was meticulously 
calculated with all of the equations displayed as shown in Table 6.2-2 (above). 

Table 6.2-3: Calculated Aircraft Performance 

 

The Phoenix IV’s performance values were calculated using equations provided by the Aircraft 

Design: A Conceptual Approach book.  These are integral for calculated other aerodynamic analyses such 

as wing loading and takeoff distance for the aircraft. 
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Chapter 7: Propulsion and Aerodynamics 

7.1 Propulsion 
A number of engines and their placements were considered.  After conducting research, it was 

concluded that a single modern engine produced ample thrust to lift the aircraft.  Utilizing a single 
turbofan engine greatly improved the economy of the design aircraft versus a dual-engine setup. 

Table 7.1-1: Engine Comparisons and Data 

A single engine carries higher operating risk, such as in the case of engine failure.  Engine 
considerations included the GE Honda HF120, Pratt & Whitney Canada PW615F, and Williams FJ33-5A.  
Comparisons were made by considering their weight, SFC, BPR and thrust.  The engine components that 
were used in the comparisons and their values can be found in Table 7.1-1 above. 

Several positions were considered for engine placement, more notably on the tail above the 
fuselage centered into the back of and in line with the fuselage since the aircraft was so small.  With a 
low wing position, placing an engine under the wing was not an option.  Instead, positioning the engine 
at the base of the tail was considered.  Mounting an engine high up on the tail introduced many factors 
that could potentially compromise the aircraft design.  For instance, positioning the engine too high on 
the tail will pitch aircraft down at low speeds which would lower maneuverability.  It is desirable to have 
the aircraft pitch up naturally, so avoiding decisions that would jeopardize this feature was necessary. 

Placing the engine aft of the wing and underneath the fuselage was an ideal engine placement 
location for the Phoenix IV.  Ideally, the engine would be in line with the center of gravity, eliminating 
any balancing issues in terms of engine placement.  This configuration was similar to the Diamond D-jet 
003.  With the engine behind control surfaces, several options are available concerning the engine 
intake system, such as armpit intakes. 

The propulsion calculations generally focused on performing the installed thrust procedure and 
finding the overall power required to overcome drag.  To find installed thrust, the manufacturer’s given 
thrust is corrected for drag and bleed.  This was another tool used to select an engine. 
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Table 7.2-2: Thrust Installation Corrections 

 

Given the data shown in Figure 7.2-2 (above), the GE Honda HF120 was our best option.  With a 
thrust loss of about .03412%, a corrected thrust of about 2051 lbf, and a TSFC of 0.7 1/hr, it became 
abundantly clear that when compared with the PW615F and the FJ33-5A, the GE Honda HF120 was our 
clear choice and overall had the smallest thrust ratio when converted into installed thrust. 

Table 7.2-3: Propulsion Calculations 

 

The propulsion calculations shown in Figure 7.2-3 generally focused on performing the installed 
thrust procedure and finding the overall power required to overcome drag.  The power required was 
about 3050 ft*lb/s and the power of the engine was about 3589 ft*lb/s.  This reiterates that the GE 
Honda HF120 was and still is one of the best engines for Phoenix IV. 

  


