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1 Introduction

The concept of a government entity injecting chemicals into the stratosphere to cause worldwide

change has been a prevalent conspiracy theory for years. The objective of this report is to document

the design of a high altitude payload delivery vehicle capable of injecting significant quantities of

chemicals into the stratosphere.

If this design, or any like it, is to see the light of the sun, significant social and political change

will have to occur. The very concept of solar geoengineering was outlawed in a Tennessee bill

passed in April of 2024, stating:

"The intentional injection, release, or dispersion, by any means, of chemicals, chemical

compounds, substances, or apparatus within the borders of this state into the atmosphere

with the express purpose of affecting temperature, weather, or the intensity of the

sunlight is prohibited."[13]

Significant social shift is outside of the scope of this report, and thankfully is not a requirement of

the Request for Proposal (RFP). However, this social context requires a cognisant effort to create the

safest aircraft possible. The operation of this aircraft in any capacity will be in the public eye at all

times, and any lapse in safe operation will be catastrophic.

1.1 Solar Geoengineering

Solar Radiative Cooling is an effect that is often overlooked by older global warming models [1],

and wasn’t well understood by modern models until significant data had been collected by NASA’s

Cloud-Aerosol LiDAR and Infrared Pathfinder Satellite Observations (CALIPSO), launched in

2006 [14]. The cooling effect occurs when aerosols in the upper atmosphere reflect incoming solar

radiation.
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Fig. 1 Solar Radiative Cooling, NASA [1]

This effect mainly occurs when volcanic eruptions launch millions of pounds of ash and sulfur

into the atmosphere, and the sulfur ascends to form sulfuric acid in the stratosphere.

Artificial Solar Radiative Cooling is theoretically achievable and effective at offsetting the effects

of global warming. To be the most effective, an the delivery system must accomplish the following,

as per Pierce Et. Al. [15].

• The aerosols must be spread in at least the 30� South to 30� North latitude range.

• Properly sized aerosol particles must be released over a long payload delivery leg, not placed

in a single area.

• One to ten million metric tons of sulfuric acid must be delivered to offset the effects of carbon

dioxide emissions, increasing yearly as emissions increase.
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1.2 Request for Proposal Design Requirements

The RFP specifies a aircraft that can carry a 30,000 lb sulfuric acid payload to 65,000 feet

repeatably and reliably. The main objective is to reduce the cost per ton of aerosol released. Specific

requirements and objectives will be discussed later in this report, but the following are critical to a

successful design.

• Reduction in cost to deploy sulfuric acid, implying:

– Reduction in required fleet size

– Reduction in maintenance time and cost

– Reduction of time to complete mission

• Comfortable flying qualities for long and frequent missions

• Design for high altitude flight, implying:

– Design for low dynamic pressure

– Design for high thrust lapse

The main driving factor for the total cost for the project will be the number of aircraft required

to complete the yearly payload delivery requirements. The number of aircraft can be modeled with

the following simple equation:

Fleet Size =
Annual Payload Delivery Requirement

,?; �Missions per Day � 365 30HB
H40A
�% of days Operational

(1)

Where the number of missions per day can be shown to be:

Missions per Day =
Numbers of Hours Operational Per Day

Time to Climb + Time in Cruise + Time to Descend + Ground Operation Time
(2)

The trend between total cost of mission and number of aircraft required is not linear, and

per-aircraft costs can increase with the efficiency of aircraft and with fewer number of aircraft

produced, the trend will be assumed to lower costs with a lower number of aircraft.
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Using the minimums set by the RFP, a fleet size at minimum requirements can be found,

effectively a maximum number of aircraft. This assumes a 20 minute ground operation, 24 hours

operational a day, and 80 % operational days per year.

Fleet Size =
3,000,000 metric tons � 2204;1 5

<4CA82 C>=

30� 000 ;1 5 � 6 missions/day � 365 30HB
H40A
� 80% Operational

= 126 Aircraft (3)

This maximum fleet size was used to evaluate other aircraft designs.

1.2.1 Sulfuric Acid Concentration

The RFP specifies a sulfuric acid with a density of 15 pounds per gallon. This density correlates

to a specific gravity of around 1.8, or a density of 1.8 grams per cubic centimeter. Since the

density of sulfuric acid increases with the concentration of the mixture, it can be shown that the

concentration of the sulfuric acid specified is extremely high, in the range of 93 - 98 % [16].

Fig. 2 Sulfuric Acid Concentration vs Density

At this concentration, sulfuric acid is only minorly corrosive, and gains a significant amount of

corrosion with a decrease in concentration. The International Labor Organization (ILO) prohibits
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cleaning of spills of high concentration sulfuric acid with water for this reason [? ]. The ILO

also states there is a "Risk of fire and explosion on contact with bases, combustible substances,

reducing agents, water or organic materials." Since sulfuric acid is a strong oxidizer, a mixture of

high concentration sulfuric acid and Jet A will spontaneously combust. The mixture of these two on

the flight line must be avoided at all cost, and the tanks containing the two on the aircraft must be

separated by a significant distance.

It must also be noted the importance of security during the completion of the mission. While the

sulfuric acid will cause a positive impact on the earth when dispensed at the correct altitude, the

same payload could be used to destroy farmland, cause acid rain, or melt through metal structures.

While it is not certain who the design and mission schedule should be withheld from, it is imperative

the mission be secure.

1.3 Mission Profiles

A 400 nmi mission profile with an additional 3000 nmi ferry range requirement are specified

in the RFP. Both should be certified to FAR 25, and include a loiter and divert to alternate leg.

Theoretically, the main 400 nmi mission profile does not need a Loiter and Divert to alternate leg, as

it is a specialty mission. However, the additional fuel is a good estimation for what might actually

be needed when more mission specifics are solidified later in the design process.

5



Fig. 3 Cruise and Ferry Mission Profiles
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2 Literature and Historical Review

In this section, some aircraft that pertain to the design of the HADES are explored. The aircraft

in the section are not necessarily able to complete the mission at hand, but have an aspect to the

design that is important for an aspect of the design of the HADES.

2.1 Aircraft

The number of current aircraft that satisfy all of the characteristics required for this mission

are slim. The combination of high-altitude cruise ceiling and large payload mass disqualifies a

large number of existing aircraft. Aircraft that reach high altitudes are traditionally concerned with

endurance over payload volume, and aircraft concerned with payload capacity do not often reach

above FL 500 without reaching supersonic speed.

2.1.1 Martin/General Dynamics RB-57F Canberra

The General Dynamics RB-57F Canberra is the first aircraft

chronologically that could be a solar engineering aircraft

without modification. The RB-57F Canberra was a re-

designed version of the B-57 Canberra for high altitude

flight, with a larger wing area and much higher aspect ratio

to account for the low dynamic pressure. The early jet

engines available for the development of the Canberra had a

low thrust to weight ratio and poor altitude performance, a

major issue for high altitude flight. [2] Fig. 4 RB-57F Canberra[2]

To combat this, the RB version of the Canberra had tightly sealed gaps in all control surfaces

to reduce drag as well as two additional modified detachable JP60 engines outboard of the main

engines, only used above 50,000 feet.
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Table 1 RB57F Canberra Features

Characteristic Value
TOGW 72,000 lbf
EW 36,900 lbf
EW/TOGW 0.60
Service Ceiling 60,000+ ft
Payload 9,700 lbf
Wing Loading 25 lbf/ft2

T/W 0.433
Service Years 1963-1974
Engine P+W TF33-P-11

The Canberra was originally designed to be a tactical

bomber and reconnaissance aircraft, but additionally

used as a high altitude scientific research aircraft, with

three remaining aircraft used by the Johnson Space

Center for high altitude monitoring. With a payload

capacity of 9700 lbf, the Canberra could complete the

solar geoengineering mission with 780 aircraft. The

HADES will have a large aspect ratio and large wing

area, but use more modern manufacturing techniques

to improve on the performance of this pioneering high

altitude aircraft.

2.1.2 Scaled Composites Proteus

Fig. 5 Scaled Composites Proteus [3]

The Scaled Composites Proteus, designed by Burt Ru-

tan, is a unique high-altitude experimental aircraft,

primarily utilized for LIDAR research endeavors. Char-

acterized by its strange high aspect ratio and canard

design the Proteus features a novel interchangeable pay-

load system, allowing for the ability to trade payload

volume, cruise ceiling, and endurance [3].
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The removable payload system allowed for a variety of

missions to be performed with a single aircraft, giving the

Proteus versatility and a high mission success rate. Although

the payloads were mainly electrical and used for monitoring,

the removable payload system can be adapted for the design

of the HADES. This will allow for multiple missions to

be completed without the additional weight that would be

required for a single configuration to complete them all.

Table 2 Proteus Features

Characteristic Value
TOGW 12,500 lbf
EW 5900 lbf
EW/TOGW 0.47
Service Ceiling 61,000 ft
Payload Variable
Wing Loading 41 lbf/ft2

T/W 0.37
Service Years 1998-2008

2.1.3 Boeing B52

Fig. 6 Boeing B52 [4]

The Boeing B52 is a aircraft that is designed with

a single mission in mind, the deployment of a

large nuclear munitions. The aircraft is long and

designed to carry large payloads long distances, the

direct successor to the Boeing B36. The B52 was

the first aircraft to drop a thermonuclear weapon,

the Mk-15 nuclear bomb in a test around the Bikini

Atoll. [4]

The Boeing B52 was designed with a very different mission than solar geoengineering, but

lessons form the design can be adapted for the HADES.
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The large bay doors on the bottom of the aircraft disallows a

traditional ring frame structure in the middle of the aircraft,

so the Boeing B52 uses a structural backbone. All compo-

nents of the aircraft are attached to the backbone, a design

that can be adapted for use with the HADES’ removable

tank. Additionally, the B52 had a quad-gear configuration,

requiring the aircraft to not rotate on takeoff. This can

be adapted to reduce sloshing in the payload tank of the

HADES.

Table 3 Boeing B52 Features

Characteristic Value
TOGW 488,000 lbf
EW 185,000 lbf
EW/TOGW 0.38
Service Ceiling 50,000 ft
Payload 70,000+ lbf
Wing Loading 120 lbf/ft2

T/W 0.31
Service Years 1955-Current
Engines P+W J57

2.1.4 Lockheed U2

It would be remiss to do a historical review of high alti-

tude aircraft and not mention the Lockheed Martin U2 [5].

Designed during the Cold War to survey the Soviet Union

with minimum risk, being described in early reports as a

"Super Glider". It was designed to be at light as possible, be

"obviously unarmed" and "devoid of military usefulness" to

reduce the chance the Russians would retaliate if discovered

[17].

Fig. 7 Lockheed U2 [5]
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Table 4 U2 Features

Characteristic Value
TOGW 12,500 lbf
EW 5900 lbf
EW/TOGW 0.47
Service Ceiling 61,000 ft
Payload Variable
Wing Loading 41 lbf/ft2

T/W 0.37
Service Years 1998-2008
Engines P+W J75

The HADES has a significantly different mission than the

U2, but aspects of the U2’s extremely efficient high-altitude

design can be chosen to improve the HADES. Primarily, the

large wing area, span and low allowable structural weight of

the U2 made gust loading an issue at low altitudes. The U2

cleverly uses combined flap and aileron deflection to reduce

the moment on the airframe [18]. This same issue is present

in the HADES, and the solution will be explained in more

detail later in this report.

2.2 Existing Research

2.2.1 Bingaham-SAIL

A Stratospheric Aerosol Injection Lofter Aircraft Concept:

SAIL-01[6] does a initial design of a solar geoengineering

aircraft. It specifies a design scaled from the Boeing B47.

The paper focuses on the following aspects of design.

• Design for Drag divergence

• Engine Selection

• All Electric Subsystems
Fig. 8 SAIL [6]
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Table 5 SAIL Features

Characteristic Value
TOGW 12,500 lbf
EW 5900 lbf
EW/TOGW 0.47
Service Ceiling 61,000 ft
Payload Variable
Wing Loading 41 lbf/ft2

T/W 0.37
Service Years 1998-2008

HADES takes the engine selection of the F118-101, and

the all electric subsystems from the SAIL design. However,

there are significant improvements that could be made with

more aggressive assumptions concerning structural weight

and aerodynamic efficiency. Additionally, the lack of gust

loading alleviation means the aircraft is oversized structurally

and is at risk of structural failure at low altitudes due to the

high wing area.

2.2.2 Janssens

A Specialised Delivery System for Stratospheric

Sulphate Aerosols Design and Operation [7] is

primarily a survey of payload dispensing methods,

including sulfur dioxide injection and injection of

the payload into the core of a high bypass turbofan.

Janssens does a good job exploring the methods

of delivery of the sulfuric acid. It also specifies

a cross linked polyurathane (XLPE) tank to hold

the sulfuric acid for deployment.

Fig. 9 Janssens [7]
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Table 6 Janssens Features

Characteristic Value
TOGW 12,500 lbf
EW 5900 lbf
EW/TOGW 0.47
Service Ceiling 61,000 ft
Payload Variable
Wing Loading 41 lbf/ft2

T/W 0.37
Service Years 1998-2008

The aircraft is much larger than the HADES or SAIL, and

looks to deliver 60,000 lbs of payload per mission. It is also

completely autonomous, not including any life support or

cabin for pilots. While true that a "substantial economic

benefit can be gained from unmanned operation" certification

of an autonomous 300,000 pound aircraft is not a simple

or quick task, and might be prohibitive. A hybrid with

the option to be manned or unmanned would reduce the

economic benefits, but also would significantly improve the

certification time.

The following will be adapted to the HADES from historical aircraft and other significant

research in the field.

• High Aspect Ratio and High Area Wing

• Supercritical Airfoil to Prevent Drag Divergence

• A Removable Interchangeable Payload Tank

• A Structural Spine to Support the Payload

• Gust Alleviation Systems

• F118 Engines

• A Cross Linked Polyurethane Tank

• Optional Autonomous Flight
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3 Objectives and Requirements

The purpose of this section is to define and state the objective function, a quantification of the

requirements and objectives of the design to compare configurations.

3.1 Requirements

The objective function consists of the requirements as stated in Table 7 and all objectives, a

quantification of the performance of the aircraft. All requirements are binary, if a requirement is not

met the objective function will be zero, disqualifying the configuration.

Table 7 Payload Delivery Mission Requirements

Requirement Required Value Objective Function Equation

Weight of payload delivered per mis-
sion

30,000 lbf ’1 =

(
1 if,?; � 30000 lbf

0 if,?; � 30000 lbf

Payload Delivery Cruise Altitude 65,000 feet ’2 =

(
1 if �;C2A � 65000 ft

0 if �;C2A � 65000 ft

Payload Delivery Cruise Range 400 nmi ’3 =

(
1 if ’2A � 400 nmi

0 if ’2A � 400 nmi

Payload Cruise Mach Number 0.5 ’4 =

(
1 if "2A � 0�5

0 if "2A � 0�5

Ferry Range Requirement 3000 nmi ’5 =

(
1 if ’�4AAH � 3000 nmi

0 if ’�4AAH � 3000 nmi

Take Off Field Length and Landing
Field Length

8000 feet ’6 =

(
1 if )$�! and !�! � 8000 ft

0 if )$�! and !�! ¡ 8000 ft

Rate of Climb Sufficient to reach altitude require-
ment in 1 hour

’7 =

(
1 if ’$� � �;C2A

60 min

0 if ’$� �
�;C2A

60 min

Weight Flow Rate of Payload Sufficient to eject all payload during
cruise leg

’8 =

(
1 if ⁄,?; �

,?;

’2A�+2A
0 if ⁄,?; �

,?;

’2A�+2A

Certification Basis FAR 14 CFR Part 25 Not Applicable
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3.2 Objectives

The objectives for the stratospheric payload delivery mission focus on reducing the total cost of

delivering three million tons of payload into the atmosphere per year safely.

The first objective (O1) is to reduce the operation cost (Cop) per unit payload delivered. This

objective uses a reference cost rate (CRref) that is sourced from figure three of Bingaman et al [6].

with a value of 0.7 US dollars per lbf of payload, after unit conversion. The cost value only accounts

for per-mission cost, including salary, fuel, and cost of operation and does not include one-time costs

such as acquisition costs. The equation relating the objective can be seen in Eq. 8 and visualized in

Fig. 10.

$1 = 50 � 4
0�7

�>?�;=„50” (4)

Fig. 10 Visualization of Objective 1

The value of this function will decrease if the cost increases or if the payload weight decreases.

These variables could be separate objective functions, but it is the coupling between the two that is

of interest. Because of the importance of this objective, it is weighted higher than others, with a
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theoretical maximum value at 50 if the cost per unit payload is zero dollars. A cost-free operation is

impossible, but decreasing cost will cause this objective to exponentially increase.

It is still valuable to increase the total capacity of the aircraft, so the second objective ($2)

looks to increase the payload weight, valuing meeting the requirements at zero, and doubling the

requirements at one.

$2 =

8>>>><>>>>:
,?;�30000 lbs

30000 lbs if 30000 lbs � ,?; � 60000 lbs

1 if,?; ¡ 60000 lbs
(Eq.11)

The third objective ($3) looks to increase the rate of climb past the requirements, using the rate

of climb of the Lockheed U-2 as the maximum value of the objective function.

$3 =

8>>>><>>>>:
’$��1100 ft/min

7900 ft/min if 1100 ft/min � ’$� � 9000 ft/min

1 if ’$� ¡ 9000 ft/min
(5)

The fourth objective function ($4) looks to increase the cruise Mach number of the aircraft,

valuing a Mach number of 0.9 at a maximum value of one. Increasing the cruise mach number of

the aircraft decreases mission time and subsequently decreases the total fleet size to complete the

mission.

$4 =

8>>>><>>>>:
"�A�0�5

0�4 if 0�5 � "�A � 0�9

1 if "�A ¡ 0�9
(6)

The fifth objective function ($5) looks to increase the ferry range of the aircraft. Increasing

until the ferry range of the aircraft doubles the value of objective five.

$5 =

8>>>><>>>>:
’�4AA H�3000 nmi

3000 nmi if 3000 nmi � ’�4AAH � 6000 nmi

1 if ’�4AAH ¡ 6000 nmi
(7)
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The sixth objective function ($6) looks to minimize the aquisition cost of the aircraft. The

reference value used is the cost per aircraft of the U2 in 1954, 22� 000� 000$�6 aircraft = 3,600,000$

converted to 2024 dollars, approximately 42,500,000 $.

$6 = 10 � 4
��@�A4 5

��@�;=„10” (8)

Fig. 11 Visualization of Objective 6

Since each objective has differing levels of importance to the mission, in the final objective

function they will be weighted following the weighting factors in Table 8. Note that objectives one

and six are already weighted in their functions.

Table 8 Objective Scale Factors

Objective Variable of Interest Scale Factor
1 Cost per unit payload 1*
2 Payload Weight 5
3 Rate of climb 1
4 Cruise Mach number 5
5 Ferry range 2
6 Acquisition cost 1*
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3.3 Ancillary Objectives

Additional objectives mainly cover safety concerns that cannot be properly quantified at this

stage of design.

• Reducing refueling and payload reload time.

• Reducing percentage of time out of operation.

• Reducing workload on flight crew.

• Increasing ease of repair.

• Increasing access to critical components.

• Decreasing cost of storage and facilities.

• Reducing Ground crew exposure to the payload.

Although these objectives cannot be quantified, the following will be evaluated for the aircraft,

then weighted into the final score.

Table 9 Ancillary Objective Quantification

�$1

(
1 if includes systems that reduce refueling time
0 if does not include systems that reduce refueling time

�$2

(
1 if includes systems that reduce repair time
0 if does not include systems that reduce repair time

�$3

(
1 if includes systems that reduce crew workload
0 if does not include systems that reduce crew workload

�$4

(
1 if includes systems that increase ease of repair
0 if does not include systems that increase ease of repair

�$5

(
1 if includes systems that reduce aircraft footprint
0 if does not include systems that reduce aircraft footprint

�$6

(
1 if the ground crew does not interact with payload
0 if the ground crew does interact with payload

OF Final Value =
9Ö
8=1

’8 � „$1 ‚ 5$2 ‚$3 ‚ 5$4 ‚ 2$5 ‚$6” �
˝7
9=1 �$ 9 ‚ 3

10
(9)
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To remove the possibility of an otherwise high scoring aircraft being disqualified when not

meeting any of the ancillary objectives, three has been arbitrarily added to the numerator and

denominator of the weighted ancillary value as seen in Eq. 9. The final objective function equation

will have a value of zero if any requirements are not met, increase depending on the value of the

objectives met, and be weighted by the number of ancillary objectives met.
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4 STAMPED Analysis

In this section, Statistical Time and Market Predictive Engineering Design (STAMPED) is

used to get a starting point for the design of the HADES. STAMPED allows for the prediction of

technologies that are not yet fully integrated into the design and provide a starting point for the

design of the HADES.

4.1 STAMPED Chart and Design Point

The inclusion of estimated historical data must be properly justified with engineering decisions,

as current aircraft are either mission profile appropriate or payload appropriate, and might not meet

every requirement of the specification. Traditionally, as with the Canberra or U2, high altitude

aircraft are not concerned with carrying a high mass payload. Rather these high altitude aircraft are

either concerned with high endurance missions or pure high altitude missions. Payload appropriate

aircraft are primarily on crop dusting missions or firefighting missions.

The following table is complied through public data, solving for wing loading, aspect ratio, or

thrust to weight ratio if required.
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The following analyses are completed by taking the average of the variable of interest each year

of all aircraft that were in service that year. Then a linear regression was taken out to 2030 to predict

the possible range of values that HADES could reasonably support that year, with the first standard

deviation plotted above and below the line of best fit.

A very aggressive empty weight to take-

off weight ratio was chosen, around

70% of the fist standard deviation. This

empty weight to takeoff weight ratio

is about the same as the U2, a very

efficient aircraft. This aggressive es-

timate will require additional care to

be taken when completing designing

the structure, and a requirement that

the aircraft stays at low g loading to

prevent structural failure.
Fig. 12 Empty Weight to Takeoff Weight STAMPED
Analysis

Fig. 13 Aspect Ratio STAMPED Analysis

The aspect ratio is also taken to be an

aggressive value, although this value is

calculated later and checked with the

STAMPED data rather than being de-

termined by the STAMPED analysis.

A higher aspect ratio, as seen in the his-

torical review, increases the aircraft’s

efficiency and is vital to a high altitude

aircraft.
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The value of wing loading found de-

termined through STAMPED an ag-

gressive assumption was 45 lbf/ft2, but

it was determined later that a larger

wing loading of 55 lbf/ft2 would reduce

the parasite drag while still allowing

HADES to reach 65,000 feet without

stalling.

Fig. 14 Wing Loading STAMPED Analysis
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5 Configuration Sweep

In this section, a mix of configurations are conceived and rated through the objective function.

The final configuration selected is what would become the HADES.

5.1 Configurations

Fig. 15 All Conceived Configurations

All of the configurations in Fig. 15 were considered, but only the following configurations will

be assessed in this report for brevity. Additionally a high altitude balloon and rocket will be assessed

to explore alternate means of payload delivery.
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5.1.1 Balloon

A high altitude balloon is traditionally a cheap and effective way to deliver a payload to the

stratosphere and beyond, and a simple solution to get payloads to high altitudes.

Fig. 16 Configuration 1: Balloon Delivery Vehicle
Positives:
• Simple Design
• Easy Launches
• Sulfur Dioxide in Lifting Body

Negatives:
• Huge Volume of Required Lifting Gas
• Low Scalability

As of mid 2024, a company named Make Sunsets [19] is attempting to deliver some amount of

Sulfur Dioxide to the stratosphere with modified weather balloons. Make Sunsets sells "Cooling

Credits" to release a single gram of sulfur dioxide into the upper atmosphere for 10 US Dollars.

This means to release the required amount into the atmosphere, it would cost 30 trillion US dollars,

or about the total current debt of the United States.

Realistically, the volume of gas required will drastically scale with required mass of payload,

meaning this solution is not practical.
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5.1.2 Rocket

A rocket that was adapted to deliver payload into the stratosphere would be fast, precise and

proven.

Fig. 17 Configuration 2: Rocket Delivery Vehicle
Positives:
• Existing Technology
• Quick Payload Delivery

Negatives:
• Expensive on a Per-Payload Basis
• Risky
• Inefficient

Although it might seem to be a viable option at first glance, a rocket based payload system runs

into the same issue as a weather balloon, with high cost to disperse a small amount of payload.

5.1.3 Valkyrie

Configuration three is based on several blended wing passenger jet concepts proposed by Boeing

[20]. Liquid payload can be pumped, and as such the entirety of the large payload volume of the

blended wing can be accessed without much issue, as compared to cargo or passenger payloads.

Additionally, difficulty of pressurization for the main body is mute, as the sulfuric acid tanks do

not need to be pressurized. Some aspects, primarily the engine mounting, are also pulled from the

XB-70 Valkyrie.
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Fig. 18 Configuration 3: Blended Wing
Positives:
• Large Payload Volume
• Easy access to Engine for maintenance
• Increase Aerodynamic Efficiency

Negatives:
• Unorthodox Control
• Difficult to Certify Quickly
• Unproven Technologies (Blended Wing)

The increased payload volume of this configuration would be beneficial if the payload was less

dense. The high density of the sulfuric acid means the aircraft will require a relatively small payload

volume, but still require a high wing area. These two are competing in the blended wing body

design, which increases payload volume as wing area increases.

5.1.4 Proteus

Configuration four is designed from the Rutan Proteus [3], an aircraft with a removable tank

mounted to the underside of the craft. The unique canard design is proven to have high aerodynamic

efficiency, but because of the increase payload mass the aircraft would have to be scaled significantly.

Fig. 19 Configuration 4: Proteus
Positives:
• Quick Mission Turnaround
• Flexible Payload
• Proven Aerodynamic Efficiency
• Cool Design

Negatives:
• Unorthodox Control
• Difficult to Certify Quickly
• Additional Drag from Payload Tank

In a mission with tight constraints, extra complexity must be justified. The additional complexity
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that comes with the unique design of the planforms in this configuration must come with significant

benefits.

5.1.5 Traditional with Removable Tank

Fig. 20 Configuration 5: Traditional Planforms
Positives:
• Quick Mission Turnaround
• Flexible Payload
• Traditional Control

Negatives:
• Additional Ground Crew Required
• Additional Drag from Payload Tank

The traditional design does not include any significant novel improvements, and could be at a

significant disadvantage compared to other designs. The lightweight engineering design process

compared to other configurations would allow for greater confidence in meeting the entry into

service date of 2030.

5.1.6 Pylon Tanks

The seventh configuration includes larger tanks in the pylons, and aims to co-locate the structure

for the tanks, engine and tail in a single section.
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Fig. 21 Configuration 6: Pylons
Positives:
• Additional Payload Capacity
• Co-located engine, payload and Tail Struc-

ture
• Easy Separation of Payload and Fuel

Negatives:
• Increased Parasite Drag
• Complex Pumping System
• Engine/payload interference

This configuration has capacity to have higher payload capacity and higher fuel volume, and

decreased structural weight due to co-located structure. The increased parasite drag will drastically

increase the required thrust at altitude.

5.2 Application of Objective Function to Configuration Sweep

Although analysis on each configuration is limited, this section ranks each configuration using

the objective function created in section 6. Each objective and ancillary objective was given a logical

value based on the insight of the author, referencing any aircraft the configuration was inspired by if

relevant. It was determined that objective 3 and ancillary objectives 4 and 6 could not be reasonably

estimated, as objective 3 depends heavily on engine used, and ancillary objectives 4 and 6 depend

on payload delivery system and more detailed design respectively.

Note that configurations 1 and 2 are not included, as they do not meet the requirements of the

requires for proposal. Also not the additional designs not covered in the configuration sweep for

brevity.
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Table 11 Downselection Objective Function Values

Configuration 3 4 5 6
O1 10 5 10 5
O2 1 0 1 0
O3 1 1 1 1
O4 1 0.5 0.5 0.5
O5 0 1 0 0
O6 0 0 0 3
Weighted Value of Objectives 21 10.5 18.5 11.5
AO1 0 1 1 0
AO2 0 0 0 0
AO3 0 0 0 1
AO4 1 1 1 1
AO5 0 1 1 1
AO6 1 1 1 1
Weighted Value of Ancillary Objectives 0.6 0.7 0.7 0.8
Final Value of Objective Function 12.6 7.35 12.95 9.2

The winning design is the traditional configuration with a removable tank. In a vacuum, other

designs might be more efficient in terms of fuel, payload capacity or aerodynamically, but the

context of the mission must be taken into account. Each additional deviation from traditional design

introduces additional risk to the engineering process and reduces safety due to volume of missions

and pilots. The traditional design with a removable tank is close to existing proven designs, and will

allow for the 2030 entry into service date.
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6 Design Philosophy

6.1 Design for Safety

In this section, the aspects that shape the design decisions in the HADES are shown in detail.

This includes decisions for safety, the removable payload tank, and the reduction of infrastructure.

6.1.1 Acid Reactive Paint

Fig. 22 Acid Reactive Paint

The presence of sulfuric acid on the flight line presents

a large danger to the flight crew, aircraft, and success

of the mission. There is no way to completely prevent

the possibility of leaks on the flight line, so a system for

early detection of leaks will negate the severity of leaks

if they occur. Acid reactive paint applied to the aircraft

and sections of the flight line will allow for early detection

of leaks that might otherwise go undetected. The paint

above, made by RamCo [21] turns from yellow to a bright

red when it comes into contact with acid with a pH less

than 3. The paint may need to be adapted for use on high

altitude aircraft, but the safety benefits outweigh the additional cost associated with the research and

development.

31



6.1.2 Atoll and Island Launches

Fig. 23 Uninhabited Gough Island
with 8000 ft Runway in Red [8]

There are a plethora of abandoned or uninhabited islands in

both the Pacific and Atlantic oceans that are large enough to

support the infrastructure required to complete the mission.

Launching from remote Islands will increase the safety of

the mission in security and spill severity negation. A large

quantity of seawater can be used to dilute sulfuric acid in

case of a spill, and the remoteness of the island means the

aircraft is not capable of reaching the mainland without

being in ferry range configuration.

6.2 Design for Fleet Size

A well-designed aircraft will reduce the required number of aircraft substantially. Increases in

rate of climb, cruise speed, speed of ground turns, and percent of time operational will decrease

the number of aircraft required without the substantial increase in acquisition cost that increase the

payload weight will cause. The design must have a balance between efficiency of payload delivery

and cost of production.

6.3 Payload Tank Design

Since the payload tank shape is not limited, the removable payload tank will be able size to fit in

a standard shipping container. This will reduce the shipping costs to get the tanks to the islands and

reduce the mission infrastructure required.

The volume of the container is:

+?; =
30� 000 lbf

15 lbf/gallon
= 2000 gallons = 270 5 C3
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If the tank is pressurized, the tank will have to be a cylinder to properly hold the pressure on the

inside of the tank. The volume of the tank, given as a function of the thickness is:

+8=C =
c

4
� „3 � 2C”2 � „� � 2C” (10)

Where d is the diameter of the tank t is the thickness and � is the length.

Fig. 24 Modeled Shipping Container

Table 12 Standard Shipping Container Siz-
ing

Inside Dimension Outer Dimension

Length (in) 472 480

Width (in) 92 96

Height (in) 93 96

Four payload tanks will fit in the shipping container, with a maximum length of 472 inches and

diameter of 92�2 = 46 inches. Solving for the maximum thickness with Eq. 10, it can be shown that

the maximum thickness with a internal volume of 270 ft3 is about 5 inches.

To find the required thickness of the tank, ASTM D 1998 [22] was used. ASTM D 1998 gives

a standard for the required thickness of polyurethane tanks based on the specific gravity of the

substance and the pressure head.

)A4@ =
0�433 ;1

8=2 � (��� � � �$�
2 � (�

Where TA4@ is the required thickness, S.G. is the specific gravity of the liquid, H is the maximum fluid

height of the tank in feet, OD is the outer diameter of the tank in inches, and SD is the hydrostatic

design stress, given by the standard.
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)A4@ =
0�433 � 1�9 � 39�30 � 46”

2 � 600?B8
� 1�258=2�4B

There will be significant additional weight from the tank, and it will be counted as payload

weight. This will be a function of the thickness of the tank and the density of the XLPE.

The length of the tank will be maximized, meaning the internal length of the tank is 472"

- 2*1.25" = 469.5", making the required inner diameter 35.6". Adding the thickness, the final

dimensions and weights of the payload tank can be seen in Table ??.

Fig. 25 Modeled Shipping Container

Fig. 26 Tank Characteristics

Outer Length (in) 472

Outer Diameter (in) 38.1

Inner Length (in) 469.5

Inner Diameter (in) 35.6

Payload Volume (gal) 2000

XPLE Volume (ft3) 40

Density of XPLE (lbf/ft3) 60.2

Weight of Tank (lbf) 2400

The final tank design will include a one-way output port that will be hermetically sealed when

the tank is sealed in the sulfuric acid factory, six attachment points for attachment to the fuselage, an

air input port and four flat feet so the tank doesn’t roll while on the ground.
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Fig. 27 Final Tank Design

Fig. 28 Tank Connection Point

The tank connects directly to the back-

bone of the fuselage, connected through

six actuated pins and six extrusions

with holes. The six connection points

spreads the weight of the tank through

the backbone of the fuselage while still

allowing for redundancy and a quick

release. The feet of the tank are held in

place by the bay doors on the bottom

of the aircraft to prevent the tank from

swinging.
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The tank output port is re�lled in the

sulfuric acid production plant, and her-

metically sealed when full. This re-

duces the possibility of leakage through-

out the payload tank switching process.

The hermetic seal is not punctured until

the aircraft is at high altitude, allowing

for the �ow of payload to the pump.

Fig. 29 Tank Hermetic Seal Cut View

To be able to have enough range for the Ferry mission, the HADES will have an extra

interchangeable tank to replace the payload tank. This tank will be the same as the payload tank, but

hold 2000 gallons of additional fuel to increase the range.

6.4 Payload Tank Replacement

The payload tank has to be replaced through some port in the aircraft. This could be done

through the front, like a C-5 Galaxy, through the back, or from the bottom. The HADES releases its

payload tank through the bottom of the aircraft, reducing the extra structural problems from a hinge

the cockpit or empennage. To complete this, the payload tank must be able to �t underneath the

fuselage.

If the aircraft is to be sized with this in mind, the landing gear would be overly long and complex,

a mechanical and structural nightmare, a solution like Fig.30

Instead of making complex landing gear, the HADES will employ and Underground Payload

Replacement System (UPRS). This system will employ the use of a tunnel that runs underground
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Fig. 30 Required Landing gear withoutUnderground Payload Switching System

Fig. 31 UPRS

perpendicular the runway. Empty tanks will exit the HADES through the bottom, then a full payload

tank will run through the tunnel, then be lifted by the same hydraulic jack into the HADES. A cross

section of this operation can be seen in Fig.31.

This system will keep heavy things o� the aircraft and on the ground, allowing for signi�cant

structural weight savings.

6.5 Sulfur Production

The production and transportation of sulfuric acid is a large part the mission. Although the RFP

does not specify integration into the sulfuric acid production chain, the production of 3,000,000

metric tons of sulfuric acid is a huge cost for the project. With removable payload tanks and island

operation, there are three options for sulfuric acid production.

ˆ Buy sulfuric acid and �ll payload tanks o�-island
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ˆ Buy sulfuric acid and �ll payload tanks on-island

ˆ Produce Sulfuric acid and �ll payload tanks on-island

Producing the sulfuric acid on the island will come with economic and logistic bene�ts. It will

allow for purchase of a smaller mass of sulfur rather than a larger mass of sulfur dioxide, as one

pound of raw sulfur can produce around three pounds of sulfur dioxide. It will also allow for the

sulfuric acid to be re�lled on the island in the production plant and be hermetically sealed before

leaving the plant. The production of sulfuric acid comes in several forms, but the common industrial

approach is sulfur burning, with the following steps:

ˆ The burning of elemental sulfur to produce sulfur dioxide

ˆ Sulfur dioxide gas is cleaned and puri�ed

ˆ The sulfur dioxide is transformed into sulfur trioxide through contact with a catalyst

ˆ Sulfur trioxide naturally hydrates into sulfuric acid

ˆ The sulfuric acid is then concentrated

In order to keep up with the high rate of operations, a high capacity sulfuric acid production

plant is required. With two island bases, each sulfuric acid plant would need to produce 1,500,000

metric tons each year, or around 4,100 metric tons a day.

Fig. 33 shows the O�ce Chéri�en des Phosphates Group (OCP) Sulfuric Acid Production Plant

based in Jorf Lasfar, Morocco. The OCP plant can produce 5000 metric tons of sulfuric acid per

day by burning elemental sulfur[23]. The plant required 300 million US dollars initial investment.

This plant includes a 10 MW electric energy gain, uses distilled seawater for the hydrating of the

sulfur trioxide, and is signi�cantly more environmentally friendly than other sulfuric acid production

plants.
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