
HORIZONTAL ACTIVITY VERTICAL ACTIVITY

All 4 propellers are brought to 2658rpm
needing 11.7Nm of torque, delivering 25.35 Kgf each
Total lifting force (4x25.35) = 101.4Kg = 223.5 lbs

Drone wt at takeoff is 203lbs, vertical force available
is 20lbs. Accel 20lbs on 203lbs = 3.17 ft/sec²

Direction of airflow is directly vertically down
Angle of attack (AOA) to the airflow is managed
so that Flying form is: Vertical Ascent flying only
Via AOA adjustments (as needed)
horizontal movement is kept at zero
All movement is vertical only

Drone is in a Nose-up Tail-down position
 

This condition is held for 15.3 seconds

Initial Vertical Velocity is 0
Starting Vertical Position is 0

After 15.3 sec of 2.95 ft/sec²
Vertical Velocity is 45 ft/sec up
Vertical travel is 343 feet straight up

Upper propellers thrust is made larger than
Lower propellers thrust causing a drone rotation
Drone is given a nose pitch down rotation action
Drone is rotated until the nose is 8.3 degrees
Up from horizontal

After this rotation to drone at 8.3 deg up angle
AOA = 8.3 deg
The total 223 lbs thrust becomes:

220.6 lbs forward horizontal thrust and
32.19 lbs upward vertical thrust

  Vertical Forces acting on the drone are:
↓ 203lbs downward force (gravity effect)
↓ 28.8 lbs Downward force from drag because
   the Wings are at a right angle to the airflow
Drag force ↓ at up velocity of 45ft/sec = 56.6lbs
Drag force ↓ at up velocity of 0 ft/sec = 0lbs
  Ave drag ↓ force is 56.6/2 = 28.3 lbs

↑ 32.19 lbs upward force (propellers thrust)
↑ 13.45 lbs from lift from the horiz velocity

Total Vertical Forces on the drone are:
 ↓ 185.66 lbs

The drag calculation is from Google Ai
values include:
wing area 11.8 sq ft = 1.099 m²
air velocity is 45 ft/sec = 13.71 m/sec
(13.71 m/sec)² = 187.9 (m/sec)²
air density is 1.225 Kg/cubic meter
drag coefficient for a flat surface at right
angles to the air flow is 2.0

the drag equation is:
(1/2)(1.225 kg/m³)(187.9 (m/sec)²)(1.099 m²)(2.0) = 252.9N ↓ 
252.9 N ↓ =  56.6 lbs force ↓ 

However, accel vertically up gives vert vel =45 ft/sec

drag at 45 ft/sec, AOA = 1.08 Lift =0 drag=2.79lbs

ave drag 0 ft/sec → 44.4 ft/sec = 2.79/2 = 1.39 lbs

Ave vertical thrust = 20lbs - 1.39 lbs = 18.61lbs

Vert accel of 18.78lbs on 203 lbs (drone wt)
 = 2.95 ft/sec²

Time = 0 sec

Time = 15.3 sec
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At 8.3 deg of AOA (angle of attack)
of the 223lbs/thrust there is 220.6 lbs horiz thrust

220.6 lbs horiz thrust acting on drone wt 203lbs
gives horiz accel of 35 ft/sec²

Vertical climb at 2.95 ft/sec² for 15.3 seconds
The drone is at 343 ft altitude
The vertical velocity of the drone is 45 ft/sec

Vertical forces acting on the drone include:
203 lbs vertical down force (drone wt)
Drag force starts at 56.6 lbs down force, however
the drone is allowed to slow its vertical velocity
to 0 ft/sec, the drag force will be 0lbs
The average drag force is thus:
56.6 lbs/2 = 28.3 lbs vertical down force
Because of the 8.3 deg AOA, of the 223lbs total
propeller thrust, there is 32.19 lbs vertical up thrust

The horizontal thrust is accelerating the drone
horizontally, as horizontal airspeed increases
the wings begin to develop lift. The wing lift
thrust goes from 0lbs to 26.9 lbs up force

The drone is allowed to move upward
for 1.545 seconds. Horiz lift from the wings goes
from 0 at horiz vel = 0 to
26.9 lbs at horiz vel = 53 ft/sec.
Ave wing lift = (26.9/2) = 13.45 lbs

Vertical force calculation is thus:
↓ of 203 lbs (drone wt)
↓ of 27.85 lbs (drag average)
↑ of 32.19 lbs (propeller up thrust from 8.3 deg AOA)
↑ of 13.45 lbs (wing lift average)

Average vertical force value on the drone
during these 1.545 seconds =
(203+27.85 ↓ force) - (32.19+13.45 ↑ force) =
net total of: 185.66 ↓ force

185.66 lbs ↓ force acting on 203lb drone gives
 ↓ accel of 29.4 ft/sec²

Starting with an initial ↑ velocity of 45 ft/sec
then with this ↓ accel of 29.4 ft/sec² the drone
will in 1.545 seconds go up by 34.4 ft
and at that point will have an ↓ velocity of 0.423 ft/sec

The drone will be at (343 ft + 34.4ft) = 377.4 ft of altitude 

Time = 15.3 sec

This horiz accel of 35 ft/sec² only applies if the
drone horiz vel = 0
As drone horiz vel increases,
the horiz drag increases
this horiz drag acts to ↓ the horiz force available
to give a horiz accel to the drone
Thus as the drone horiz vel increases
Since the available horiz force does not increase
And the horiz drag is decreasing the amount of
horiz force that is available for horiz accel
Then
The horiz accel of the drone will decrease
as horiz vel increases

At time = 15.3 sec the drone has an ↑ prop
force of 223 lbs. When the AOA becomes
8.3 deg the ↑ prop force becomes 32.19 lbs

The horiz force goes from 0 to 200.6lbs
This horiz force starts to give the drone
a horiz accel
After 1.545 sec these horiz calculations occur.

The horiz vel = 0 gives horiz drag = 0
After 1.545 sec of horiz accel the drone has
a horiz vel of 53 ft/sec with horiz drag = 7.62 lbs

Ave horiz drag = (7.62 + 0)/2 = 3.81 lbs
Available horiz force is (220.6 lbs - 3.81 lbs) =
216.79 lbs = horiz force acting on the drone
this horiz force of 216.79 lbs gives
a horiz accel of 34.4 ft/sec²

Initial horiz vel = 0, horiz accel of 34.4 ft/sec²
applied for 1.545 sec gives a horiz vel of 53 ft/sec
horiz travel is 41.1 ft

Time = 16.845 sec
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The drone is at altitude 377.4 ft
Vertical Velocity is = -0.423 ft/sec
This ↓ vert vel gives very little ↓ drag force
Down force on the drone is 203lbs (drone wt)
Up force on the drone is:
32.19 lbs (Prop thrust from 8.3 deg AOA) plus
Wing Lift from the Horiz Velocity of the drone

During the 1.545 sec, horiz airspeed went from
0 ft/sec  → 53 ft/sec, this horiz 53 ft/sec means
that ↑ force from wing lift is now ↑ 26.9 lbs

For the interval 15.3 sec → 18.845 sec
Drone↓ force is thus:
(203lbs↓ + ave drag force ↓ 28.3 lbs) -
(32.19 prop force ↑ + 26.9 lbs wing lift ↑) =
185.66 lbs total force acting in the  ↓ direction   

185.66 lbs ↓ force acting on 203lbs wt gives a
 ↓ accel of  29.4 ft/sec² ↓

Time = 16.845 sec

Time is allowed to progress x 1 sec

a ↓ accel of 29.4 ft/sec² acting on wt =203 lbs
with initial vel of -0.423 ft/sec acting for 
1.545 sec gives a resulting Vert vel of -0.423 ft/sec
vert travel is  ↑ of 34.4 ft thus new Altitude is
343 ft initial + 34.4 ft ↑ = new altitude of 377.4 ft  

Time = 17.84 sec

At Time = 17.84 sec, Drone specs include:
horiz airspeed 85.8 ft/sec
Lift = 70.51 lbs ↑

Drone ↓ forces include:
203      lbs  (↓ force from Drone wt)
- 32.19   lbs  (↑ force from props)
- 48.7 lbs  (↑ average force from lift)

Total vertical forces acting on Drone
= 122.11 lbs ↓

At time = 15.3 sec the drone has an ↑ prop
force of 223 lbs. When the AOA becomes
8.3 deg the ↑ prop force becomes 32.19 lbs

When the AOA is changed to 8.3 degrees
the total prop thrust of ↑ 223lbs is changed from
all vertical thrust to:
a component of vertical thrust = ↑ 32.19 lbs
and
a component of horiz thrust = → 200.6 lbs

The horiz force goes from 0 to 200.6lbs
This horiz force starts to give the drone
a horiz accel
After 1.545 sec these horiz calculations occur.

The horiz vel = 0 gives horiz drag = 0
After 1.545 sec of horiz accel the drone has
a horiz vel of 53 ft/sec with horiz drag = 7.62 lbs

Ave horiz drag = (7.62 + 0)/2 = 3.81 lbs
Available horiz force is (220.6 lbs - 3.81 lbs) =
216.79 lbs = horiz force acting on the drone
this horiz force of 216.79 lbs gives
a horiz accel of 34.4 ft/sec²

Initial horiz vel = 0, horiz accel of 34.4 ft/sec²
applied for 1.545 sec gives a horiz vel of 53 ft/sec
horiz travel is 41.1 ft
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Time = 17.84sec

Lift at 53 ft/sec = 26.9 lbs
Lift at 85.8 ft/sec = 70.51 lbs
(26.9 + 70.51) = 97.41
(97.41)/2 = 48.7 lbs ave lift

at 16.545 sec
↓ force = 185.66 lbs acting on 203 lb wt
gives ↓ accel of 29.4 ft/sec²

at 17.84 sec
↓ force = 97.41 lbs acting on 203 lb wt
 gives ↓ accel of 19.4 ft/sec²

Initial ↓ vert vel = -0.423 ft/sec
Time interval    = 1 second
↓ accel             =  19.4 ft/sec² 

Result:
Drone travels ↓ by 9.98 ft
new altitude is (377.4 ft) - (9.98 ft) = 367.4 ft
Drone has now ↓ vert vel of 19.7 ft/sec

This is where the 48.7 lbs ave lift value that was
used in the previous page came from

For the interval 16.84 sec → 17.84 sec
the horiz story is: 

horiz vel at 16.84 sec is 53 ft/sec
horiz drag at 53 ft/sec = 7.62 lbs
horiz vel at 17.84 sec is 85.5 ft/sec
horiz drag at 85.5 ft/sec is 19.85 lbs

Ave horiz drag = (7.62 lbs + 19.85 lbs) / 2
ave horiz drag = (27.44lbs) / 2 = 13.7 lbs

horiz thrust at 8.3 deg AOA = 200.6 lbs
but ave horiz drag needs to be subtracted
horiz thrust available = (200.6 lbs - 13.7 lbs)
horiz thrust available = 206.9 lbs
horiz thrust of 206.9 lbs applied to 203 lbs
give horiz accel of 32.8 ft/ sec²

initial horiz vel of 53 ft/sec given an accel
of 32.8 ft/sec² for 1 sec gives new vel of 85.8 ft/sec

At 17.84 sec ↓ forces acting on the drone include:
↓ force 203 lbs (drone wt)
↑ force of 32.19 lbs (prop thrust)
↑ force of 48.7 lbs (average ↑ force of wing lift)
Total ↓ force is (203) - (32.19 + 48.7) = 122.11 lbs 

122.11 lbs ↓ force acting on 203 lbs gives
↓ accel of 19.4 ft/sec²

Drone altitude is 377.4 ft
this is the highest altitude the drone will go to
for this take off and ascent event

horiz travel for this 1 sec is 69.4 ft

Time 0 → 15.3 sec horiz travel = 0ft 

Time 15.3 sec → 16.845 sec horiz travel = 41.1 ft  

Time 16.845 sec → 17.84 sec horiz travel = 69.4 ft
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Time = 17.84 sec

Drone has now ↓ vert vel of 19.7 ft/sec
↓ accel             =  19.4 ft/sec² 

From Time = 16.84 sec to Time = 17.84 sec
Drone travelled ↓ by 9.98 ft

New Altitude is (377.4 ft - 9.98 ft) = 367.4 ft

Time is allowed to pass by 1.645 seconds

Time = 19.485 sec

↓ Force on the drone (at 17.84 sec) =
   203.0   lbs (drone wt)
-    32.19   lbs (↑ force from props AOA)
-    48.7 lbs (↑ force from wing lift)

Total ↓ force is 122.11 lbs
122.11lbs ↓ against 203 lbs gives 
↓ accel of 19.4 ft/sec² present at 17.84 sec
  

Time 0 → 15.3 sec horiz travel = 0ft 

Time 15.3 sec → 16.845 sec horiz travel = 41.1 ft  

Time 16.845 sec → 17.84 sec horiz travel = 69.4 ft

Starting at 17.84 sec we want horiz accel to
continue for a time interval which will cause
drone airspeed to become large enough that
total lift forces on the drone = drone wt = 203 lbs

Total ↑ forces on the drone include:
(lift from wing lift + lift from prop lift)

If we allow the horiz accel available to the drone
at 17.84 sec to occur for 1.645 sec, then
lift from all sources will total drone wt = 203 lbs

However horiz force available to create horiz
accel beyond 18.84 sec will decrease because
horiz drag will increase as horiz airspeed increases

We will need to obtain an ave horiz accel value

(203 lbs drone wt) - (32.19lbs (prop lift)) = 170.81 lbs
(wing lift at 134.5 ft/sec = 173.26 lbs) 

The drone is staying at 8.3 AOA
At 17.84 sec horiz vel = 85.8 ft/sec drag = 19.85 lbs
At 134.5 ft/sec lift = 173.26 lbs, drag = 48.45 lbs

(48.45 lbs drag) + (19.85 lbs drag) = 68.3 lbs drag
(68.3 lbs drag) / 2 = ave drag = 34.15 lbs ave drag
(220.6 lbs available horiz force) - (34.15 lbs ave drag)
= 186.45 lbs horiz force available
186.45 lbs horiz force applied to 203 lbs drone wt =
horiz accel of 29.6 ft/sec²

Initial horiz vel (85.8 ft/sec)
given horiz accel 29.6 ft/sec for 1.645 sec
gives a new horiz vel of 134.5 ft/sec

In the 1.645 sec horiz travel is 181.2 ft 

For Time 17.84 → 19.485 sec
Horiz vel was 85.8 ft/sec, lift was 70.51 lbs
Horiz vel is now 134.5 ft/sec, lift is now 173.26 lbs
(70.51 lbs + 173.26 lbs) = 243.77 lbs
(243.77 lbs) / 2 = ave lift for this interval = 121.88lbs

↓ force on the drone is:
↓ 203 lbs (drone wt) - (total ↑ wt present) =
↑ wt = 32.19 lbs prop lift + 121.88 lbs wing lift =
↑ wt total = 154.07 lbs
(↓ 203 lbs)  - (↑ wt of 154.07 lbs) = ↓ 48.39 lbs
48.39 lbs ↓ acting on 203 lbs gives accel of
↓ 7.76 ft/sec²

Initial vert vel of ↓19.7 ft/sec is given an accel of
↓ 7.76 ft/sec²  for  time = 1.645 sec gives
new vert vel of ↓ 32.5 ft/sec with
travel during this time interval of ↓ 42.9 ft
new altitude = (367.42 ft) - (42.9 ft) = 324.42 ft
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↓ Force on the drone (at 19.485 sec) =
   203.0   lbs (drone wt)
-    32.19 lbs (↑ force from props AOA)
-  203.0   lbs (↑ force from wing lift)

Total vertical force on the drone is ↑32.19 lbs
↑ 32.19 lbs against 203 lbs gives 
↑ accel of 5.10 ft/sec² present at 19.485 sec
  

Time = 19.485 sec
Time = 19.485 sec

horiz vel = 134.5 ft/sec
AOA = 8.3 degrees

vert vel is ↓ 32.5 ft/sec

at horiz vel = 134.5 ft/sec
Vert wing lift = 194.65 lbs
Horiz drag = 56.15 lbs

To maintain this horizontal condition:
we only need horiz thrust to be = horiz drag
thus, horiz thrust = 56.15 lbs

Take the AOA to 9.2 degrees
To obtain a horiz thrust of 56.15 lbs at this AOA
the total thrust needs to be 56.88 lbs
the vertical thrust from this total thrust at
9.2 degrees AOA will be ↑ force of 9.09 lbs
the horiz thrust will be 56.15 lbs

EXCESS POWER CALCULATION

The drone created 223 lbs thrust using
10 kW power from each of two jets
Thus 20 kW power creates 223 lbs of thrust
Thus (20,000 watts) / (223 lbs thrust) =
89.68 Watts of power needed for 1 lb of thrust
Thus if we need 56.88 lbs thrust then
(56.88 lbs) x (89.68 Watts/lb) = 5100 Watts needed

We have available 20,000 Watts to create thrust
We only need 5100 Watts to overcome horiz drag
(20,000 Watts available) - (5100 watts needed) =
14,900 Watts are available and not needed
This 14,900 Watts available is EXCESS POWER

There is a RATE OF CLIMB from EXCESS POWER
calculator. You enter the drone wt (in Newtons 203 lbs = 903 N) and the excess power in Watts
The calculator gives a result that a RATE OF CLIMB of
54.3 ft/sec is available from this excess power of 14,900 Watts
for this weight (903 N) of drone (203 lbs = 903 N)

There is an ANGLE OF CLIMB calculator
this calculator needs input of:
RATE OF CLIMB and also VELOCITY

The ANGLE OF CLIMB result is 23.73 degrees 

This will give:
1) an AOA of the drone to the direction
of travel of the airflow (9.2 degrees)
2) an ANGLE OF CLIMB which is the angle of the
flight path of the drone to the horizontal (23.73 deg)
This means that the angle of the drone compared
to the horizontal will be (23.73 deg) + (9.2 deg)
= 32.93 deg

Time = 20.485 sec

54.3 ft/sec of ↑ vel is added to 32.5 ft/sec of ↓ vel
This means in a time interval of 1 second:
(54.3 ft ↑) + (32.5 ft ↓) = (54.3) - (32.5) = (21.63 ft ↑)
The altitude was at 324.52 ft, adding (21.63 ft ↑) =
(324.52 ft) + (21.63 ft ↑) = 346.15 ft
The overall drone vertical motion result will be:
the drone is now at an altitude of 346.15 ft
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SUMMARY DISCUSSION

Time = 0 sec

Start
AOA = 90 deg = (nose- up / tail - down)

Time = 15.3 sec

Altitude is 343 ft
Vert vel = 45 ft/sec
AOA changed to 8.3 deg ↑

Time = 16.845 sec

Altitude = 377.4 ft
Vert Vel = -0.423 ft/sec
AOA = 8.3 deg ↑

Time = 17.84 sec

Altitude = 367.4 ft
Vert Vel = -19.7 ft/sec
AOA = 8.3 deg ↑ to the flight path
Angle of Flight path to the horizon = 0 deg
Angle of drone to horizon = 8.3 deg ↑

Time = 19.485 sec

Altitude = 324.42 ft
Vert Vel = -32.5 ft/sec

Drone Flying Angles are changed

AOA to the flight path remains 8.3 deg ↑
Angle of Flight path to the horizon = 23.73 deg ↑
Angle of drone to horizon = 32.93 deg ↑
 

Time = 0 sec

Time = 15.3 sec

Time = 16.845 sec

Time = 17.84 sec

Time = 19.485 sec

SUMMARY DISCUSSION

horiz vel = (varying slightly + or -) due to
random pertubations. Flying control actions
are occuring so that (net horiz vel remains = 0)
(net horiz vel = 0) means (net horiz travel = 0)

horiz vel at this time = 0
total horiz travel at this time = 0

horiz vel at this time = 53 ft/sec
total horiz travel at this time =
(0 ft) + (41.1 ft)

horiz vel at this time = 85.8 ft/sec
total horiz travel at this time =
(0 ft) + (41.1 ft) + (69.4 ft)

horiz vel at this time = 134.5 ft/sec
total horiz travel at this time =
(0 ft) + (41.1 ft) + (69.4 ft) + (181.2 ft)

(0ft + 41.1ft + 69.4ft + 181.2ft) = (291.7 ft)
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Altitude = 324.42 ft
Vert Vel = -32.5 ft/sec

Drone Flying Angles are changed

AOA to the flight path remains 8.3 deg ↑
Angle of Flight path to the horizon = 23.73 deg ↑
Angle of drone to horizon = 32.93 deg ↑
 

Time = 19.485 sec

Time = 20.485 sec

The effect of the new flying angles
is that 54.3 ft/sec ↑ is added to the drone

net vert vel effect is:
(54.3 ft/sec) + (-32.5 ft/sec) = vert vel 21.63 ft/sec
This new vert vel is held for one second
The drone rises up 21.63 ft

New altitude is 346.15 ft

On arriving at this new altitude,
some Drone Flying Angles are changed

AOA to the flight path remains 8.3 deg ↑
Angle of Flight path to the horizon = 0 deg
Angle of drone to horizon = 8.3 deg ↑

The drone is now in Stable Fixed Wing Flying

sum of lift from all sources = wt of drone
vert vel = 0
horiz vel is 134.5 ft/sec and not changing
Total thrust is adjusted so that:
horiz thrust = horiz drag = 56.15 lbs
At an AOA of 8.3 deg, 56.15 lbs of horiz thrust
needs Total Thrust to be 56.88 lbs

56.88 lbs total thrust = 5100 Watts power
power from the jets is reduced so that
Total Output Power from the jets = 5100 watts

Time = 19.485 sec

horiz vel at this time = 134.5 ft/sec
total horiz travel at this time =
(0 ft) + (41.1 ft) + (69.4 ft) + (181.2 ft)

(0ft + 41.1ft + 69.4ft + 181.2ft) = (291.7 ft)

Time = 20.485 sec

The drone was allowed to fly at its new
Flying Angles for one second
from Time = 19.485 sec to Time = 20.485
Drone horiz vel was 134.5 ft/sec
In this one second drone horiz travel = 134.5 ft

Drone horiz travel from:
Time = 0 sec to Time = 19.485 sec =
Horiz travel total so far =  (291.7 ft)
From: Time = 19.495 sec to Time = 20.485 sec
Horiz travel = 134.5 ft

From Time = 0 sec to Time = 20.485 sec
Total horiz travel for this interval =
(291.7 ft) + (134.5 ft) = 426.2 ft

From Time = 0 sec to Time = 20.485 sec
Total horiz travel for this interval =
(291.7 ft) + (134.5 ft) = 426.2 ft

Full power (10kW) from each jet = (180ml/min) x2
(20.485 sec)/(60sec/min)) = (0.341 min)
So the (20.485 sec) of ascent was (0.341 min) 
(0.341 min) x (360 ml/min) = (122.76 ml of fuel)
fuel density is (0.8gm/ml)
(122.76 ml) x (0.8 gm/ml) = 98.20gm = 0.0982 kg
(0.0982 kg) x (2.2 lbs/kg) = (0.216lbs) = (3.45 oz)

So 0.216 lbs fuel needed for the drone to go from
Stable, Stopped, On the Ground to:
Stable, Fixed Wing Flying at:
Vel = 134 ft/sec, Vert Vel = 0, Altitude = 350 ft
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