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Limit on T/W from Constraint on
Missed Approach Gradient

Parameter Value  Units Conditions

Missed Approach Gradient | 24% | @ W= 165608 kg, SLISA

o)
Let us look at hov;/' We can get the limit on the thrust to weight ratio from the constraint on the
missed approach gradient. As we can see from the table, the specified value of missed approach
gradient is 2.1%. This happens at the maximum landing weight of 165608 kilograms under sea
level ISA conditions.
(Refer Slide Time: 00:38)
Constraint on Missed Approach Gradient
LS {; ,m}
Wya N -1 [L/DL‘
Where, N, = number of engines = 2
[UDJye = LD in Missed Approach configuration
Flaps in Approach configuration & Landing gear down
ACy oo * BCh g a = 0.1135
1ssce = Required Missed approach gradient=2.1%
(’9 We need to estimate L/D in Missed Approach

So, once again this is the constraint the formula for constraint on the missed approach gradient

only thing is I have inserted the term MA wherever there is missed approach and MAG stands



for the missed approach gradient. Now, here Ne stands for number of engines, which is 2,
(L/D)pac is the L/D of the aircraft in the missed approach configuration. As you know, during

the missed approach, the flaps are in the approach configuration.

So, they are at a higher angle than in takeoff and the landing gear is down. So, from the aircraft
data related to this particular aircraft, we have got this number of 0.1135. So, the AC,, because
of the deflection of flaps and the landing gear is a very large number 0.1135. And the
requirement on the missed approach gradient as specified is 2.1%. Let us now calculate L/D in
the missed approach, just like we did it for the previous case of second stage climb gradient,
the procedure is identical only the numbers will change slightly.

(Refer Slide Time: 01:47)

Steps in calculating L/D in Missed Approach

1. Calculate Atmospheric parameters during MA
2 Calculate Mach No. in MA Mya

3 Calculate Oswald Efficiency in MA eua

i~

Calculate Induced Drag Coefficient in MA Coima
5. Calculate Lift/Drag Ratio in MA [L/D}ya

Let's do these steps for B-787-8

e

®

So, the steps are very similar, first we calculate the atmospheric parameters during MA. In this

case, we do not have to do the step because the missed approach is happening under ISA
conditions. So, therefore, we already know the values of density and temperature and sonic
speed under ISA conditions then we calculate the Mach number of the aircraft because once

you know the speed and the sonic speed, you can get the Mach number.

Once you get the Mach number, then you can get the Oswald efficiency. Once we have Oswald
efficiency, we can get the induced drag coefficient, once we have the induced drag coefficient,
we can get the total drag coefficient we already know the lift coefficient. So, therefore, we can
get the L/D and let us do these steps for Boeing 787 now.

(Refer Slide Time: 02:35)



Atmospheric parameters at Missed Approach
aTigy = 288.16 °K

2p=PIRT =101325/ (287°288.16) = 227} |
p @ (ISA) = 1.225 kg/m*
aa= (yRT)%= (1.4°287*288.16)*5= 227} |

a @ (ISA) = 340.27 ms

Given:
C@USA)=10  yred Aoproach at SLISA

®
It is specified that the missed approach occurs at sea level ISA conditions. So, therefore, the
parameters of the atmosphere are very well known T=288.16; p= P/RT which is
101325/(287*288.16). Although all of us know this value, but still it makes sense to calculate
it, the number comes out to be 1.225 kg per meter square the sonic speed will be obtained by

\JYRT for these standard values.

Once again this number is known to us, but still it is important for us to calculate it and assure
ourselves that we are on the right track. Now, the value of o will be equal to 1 because p and
po are the same in this case.
(Refer Slide Time: 03:22)

Mach No. in Missed Approach
3 Vygantang = 102 KLEAS @ ISA, a @ (ISA) = 340.27 mis

3 Vygaang @ (ISA) = 52.47 mis
3 Assuming Vi, = 1.3 V. ,06= 1.3 % 5247 = 227 |
a Vs = 68.22 mis; Hence My, = 227 |

.3 M,,,=68.22/340.27 , or My, = 0.20

9

Now, to calculate the Mach number, we first use the fact that the Vs landing as specified in

the requirements is 102 knots EAS at ISA, now at under ISA conditions at sea level EAS =



TAS, because sigma = 1. Therefore, a and also we have just calculated that a = 340.27. So,

just convert the value of speed 102 knots into meters per second.

Now, during missed approach, we assume that the speed is not 1.2 but 1.3 times Vstai. So, that
will come as 1.3 times 52.47. Pause the video and please calculate this value, the value is 68.22
meters per second. And hence, since we know the value of Vma and we also know the value of
sonic speed a we can get the Mach number by taking a simple ratio please pause the video
calculate the value, the value comes out to be 0.20.

(Refer Slide Time: 04:32)
Oswald Efficiency in Missed Approach

aM,,=0.20
1M, =0.85 and e, = 0.6961

M~ (1+0.12:085°%)
MA ™ e | (140.12:0208)

a6 =277

2 6y = 0.7276

0
Once we know the Mach number we can calculate the Oswald efficiency factor using the
information that is available already using the same formula that we have used earlier for the
value estimation of the value of e during the second stage climb. So, calculate the value of e
missed approach. Please pause the video here and calculate the value by this simple expression,
the value comes to be 0.7276.
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Induced Drag Coefficient in Missed Approach

3 C e ang™ 2.66, €ya = 0.7276
3 Va = 1.3V, 1ng henCe, €, ya= Coaciana! 169 =279 |
2 Cpya=2.66/1.69, i.e., C, s =1.574

2 Hence, Cp; = (Cpya )2/ (TAR, 8,)
2 Couun =(1.5747U(m*10.87°0.7276) = 222 |}

6Cm'ssc = 0.0997

So, with this we can now get the induced drag coefficient in missed approach. So, we know the

value of €, landing as 2.66 is specified in the aerodynamic data. And we have just calculated

the value of Oswald efficiency in the missed approach ey, as 0.7276 we know that in missed

approach condition, the stall velocity is 1.3 times V stall hence, C;,, , will be ;. landing by

1.69 please calculate this value it will be 2.66 / 1.69 that is 1.574.

Once the value of C; is known, therefore, you can get the induced drag coefficient because

now, we have all the information we have C;,,,, and we have the value of aspect ratio 10.58

and ey, 0.7276. So, by including these values in the formula, now, you can pause the video
and calculate the value of Cp,;,, , the value comes out to be 0.0997.

(Refer Slide Time: 06:07)
Lift-to-Drag ratio in Missed Approach

2 Cpissc = 0.0997 and C, ., =1.574
Coun =Coo * Copua* ACo 1spuns ACo 5= 722
Coua =0.01277+0.0997 +0.1135 i.e., Cp g4 =0.2260
aThus, [UD}a = [CeulCond ~ =277Jl

o) [LUD],y, = 1.574/0.2260, i.e., [L/D],,, = 6.965




Moving ahead, now we can calculate the lift to drag ratio in the missed approach. For this, we

know from the previous calculations the value of Cp; .. and C,,,,. And now we also know that

we have to add additional term because of the extra drag of the flaps and the landing gear during
this condition and that will be 6.965. Let us look at the T/W missed approach.

(Refer Slide Time: 06:57)
Tya/Wy, for Missed Approach

Twa, Ne (1
Wys N.-1 “L/D]" I

AYMA= 2.1%=0.021 5 NE =2

3 [/plya = 6.965

2 Thus, ;’;: = {@wom]m?"

d [TMAMMA]> 0 3291

.vgut this value has to be converted to [Tg /Wrolya !!
For that, we insert the corresponding values of T/W and L/D and the y in the formula. Now,

we have already been given by the requirements that the missed approach gradient is 2.1%.
And we know that this aircraft Boeing 787-8 has 2 engines. The L/D missed approach has been
calculated previously as 6.965. So, therefore, once you insert these numerical values in the

expression, it becomes very easy for us to calculate.

So, pause at this stage and calculate the values we see that the value of Tma / Wma has to be
more than 0.3291 during the missed approach condition. But remember that the missed
approach condition occurs during landing whereas we are interested in the value of T/W under
the sea level static conditions and for maximum takeoff weight. So therefore, we have to
convert this value. And to convert this value we will have to incorporate some factors.

(Refer Slide Time: 08:14)



T /W;, for Missed Approach
3 [TaaWaad2 0.3291, T = Ty, Wyga = Wiag
2 B = WyyWyo = 165608 / 215971 = 222 |}
2B =0.7668
3 [Tt Wiohun= [TuaWiaee'B = 0.3291 * 0.7668 = 222 |
3 [Tsu/ Wrolya 2 0.2524

®
So, to get the value of missed approach T/W limitations at sea level static conditions and max
takeoff weight we just reproduced from the previous slide the values that we know we also
know that the thrust during missed approach is equal to thrust at the sea level condition because
the missed approach constraint is supposed to be met at sea level conditions. And also we can
assume that the weight of the aircraft during the missed approach is almost equal to the weight

at landing.

So, keeping these 2 in mind, we can first calculate the value of beta which is the ratio of weight
of the aircraft during the missed approach condition and the max takeoff weight. These 2
numbers are known to us and hence it can be easily estimated please pause the video and

calculate this ratio, the ratio turns out to be 0.7668. So, now, we know that

Tsy  Tuma
= * ﬁ
WTO WMA
So, you just multiply this number by g and you will get the value ];i missed approach will be
TO

more than or equal to 0.2524. This is one mistake which many students make they forget to
convert the values obtained for a constraint to the standard conditions of sea level static thrust
and weight of the aircraft at takeoff so be very careful.

(Refer Slide Time: 09:45)



Constraint Line for Missed Approach Gradient

040

(:) K"IJ'IW §0.2§4 frgm ﬁAG &nsiﬁératsi%ns

Let us see how this maps into the constraint diagram as a line because the constraint was

directly on T/W there is no role of W/S here. So therefore this will appear as a horizontal line
in the graph as shown. So, we also arrive at an interesting conclusion that the thrust to weight
ratio of the aircraft cannot be less than 0.2524 from the constraint on the missed approach
gradient.

(Refer Slide Time: 10:15)

Constraints that depend on
WIS Alone

Takeoff Stalling Speed
Landing Stalling Speed
Landing Ground Roll

®)
Let us look at the constraints that depend on wing loading alone. In our table of constraints,
there are 3 such constraints the one on takeoff stalling speed, landing stalling speed, and the
landing ground roll. So, let us see how these 3 appear in the constraint diagram. So, since they
depend on W/S alone, it is clear that they will appear as vertical lines.
(Refer Slide Time: 10:39)



Limit on W/S from Constraint on
Takeoff Stalling Speed

Parameter Value  Units Conditions

[

Take-off Stalling Speed | TimisEAS|@W =215071 kg, SLISAHS

1 2
i S EPTO ICL.maer]IVs:aﬂ m]

®
First let us look at the limit on wing loading from the constraint on takeoff stalling speed as per
the specified requirements, the value has to be 71 meter per second equivalent airspeed or less
at the max takeoff weight under sea level conditions, but under ISA+15 conditions this is the
requirement which you have to meet the formula that we will use is very straightforward, we

know that lift is equal to weight during a 1 g stall.

So, from there you can easily get an expression between the wing loading required versus the
density of the air at takeoff condition the maximum value of C. at take-off condition and the
specified value of stalling speed square.
(Refer Slide Time: 11:31)

W;,/S for Takeoff Stalling Speed

2 Vg during Takeoff < 138 EAS @ SL @ ISA + 15
1 Pro = p@ (ISA+15) = 1.1646 kg/m*, C, . @T0O =1.91
3 V10 @ (ISA+15) = 141.55 kt = 72.82 m/s
W) 1 2
d [?]ro S —Z-pm lcl.mum] [Vstull-m]’ i-e-y

a [? 5%1.1646[1.91][72.82]z= ???“
TO
a [WIS};o € 5897.7 Nim? or 601.37 kg/m?

5,

So, let us see how this constraint can be incorporated. First of all, there is a specified

requirement that the Vstan should be less than 138 EAS which | have already converted to meter

per second. Now, previously, we already calculated that the density of air at ISA+15 at sea



level is 1.1646 kg per meter cube. And we also know from the data that €, of the aircraft at

takeoff conditions is 1.91. So, therefore, you can get the value of the stall speed at ISA+15

conditions.

And once we obtain the value, we just have to insert the numbers in this formula, which means
we have to replace rho takeoff by 1.1646 C, _ takeoff by 1.91 and Vs take off by 72.82

pause at this stage and calculate the value of wing loading required we see that the wing loading
has to be less than or equal to 5897.7 Newton per meters square this is what you get by directly

inserting the numbers in this formula.

But remember that the answer you get would be in Newtons per meter square which has to be
converted into kg per meter square. So, that we can by dividing with g, so that we can have
consistent units in our constraint diagram.

(Refer Slide Time: 13:01)

Constraint Line due to Takeoff Stalling Speed

035 5
035

wEage
010

5 WIS £ 601.37 kg/m? from V., 1o constraint

So, with this, let us see how the constraint line appears on the diagram because of takeoff
stalling speed, as | said, it will be a vertical line which is stationed at 601.37 kg per meter
square and the area on the left of this line is going to be feasible because the wing loading
cannot be more than this number it has to be less than or equal to this number. So the area on
the right of this line is infeasible on the left is feasible.

(Refer Slide Time: 13:29)



Limit on WIS from Constraint on
Landing Stalling Speed

Parameter Value  Units Conditions

'ﬂ] S 1pl—mlﬂ ICLmnx l [VﬂﬂUw‘] 2
$lgng ~ 2 e .

|
Landing Stalling Speed 52.46mis EAS| @ W = 165608 kg, SL ISA

®

Moving on let us look at the limit imposed on wing loading from the constraint on landing
stalling speed. Here the requirement is to calculate at the landing weight at sea level ISA
conditions there will be no need to convert the densities we can use the standard sea level values
and the units are also the value is specified as 52.468 into a 102 knots EAS which can be
converted to meter per second using a simple formula. Once again we will use the standard
formula just like we used for the takeoff condition the only difference is that we will put
subscript land for wing loading density €, and Vsai.

(Refer Slide Time: 14:14)
WIS for Landing Stalling Speed

2 Vgiaiitang S 52.46 m/s @ ISA, SL, W,,,4= 165608 kg
2 Cy . @ Land = 2,66

W 1 :
4§Iwm 2 EpLanA ICL'""”Lud] [V"““wndl: e,
3[%”]% 5%1‘225 esiis24612= 727 |
3 [WIS];q S 4483.8 Nim? or 457.2 kg/m?
2 But this value has to be converted to [W;/S] !!

9,
So, let us see how this number pans out. This is the requirement which | am repeating here for

ease in memory C;,_ at landing is given as 2.66 from the aerodynamic data for this aircraft.

So, you have a simple expression and now if you substitute in it the values you get 1.225 in
place of rho Land €, Land is replaced by 2.66 and Vswan Land by 52.46. So, pause at this

stage and please do the number.



We find that the value is 4483.8 Newtons per meter square or 457.2 kg per meter square. So
this is a much stricter limit, but remember, again this is at landing so it has to be converted to
the values corresponding to W take off.

(Refer Slide Time: 15:12)
W;,/S for Landing Stalling Speed

3 [WIS], < 457.2 kg/m?
aWyo= 215971 kg and W,,.,= 165608 kg
3 Buang = WiandWio = 165608 / 215971, B = 0.7668

3 [Wio/Sliang = WiandBianal | S = WIS] an/ Brana = 722 ||
a Wi/ $457.2/0.7668< 222 ||
3 [Wio/S]an < 596.24 kg/m?

9
So, WTO/S is what is our on the constraint line. So, during landing condition it is supposed to

be less than 457.2 and we know that the takeoff weight is 215971 and Wiang is 165608 specified.
So, we can calculate the value of beta which we got in the last expression also as 0.7668. So,

with this beta you can easily estimate what will be the value of W+o/S at landing it will be

(WTO> — Wland /.Bland
S land S

So, we know these values insert the values pause the video and try to get the constraint limit as
shown. So, get this number this number is going to be less than 596.24 kg per meter square.
So, it turns out that the landing stalling speed constraint is slightly more harsher than the
constraint due to the takeoff stalling speed. But that is only for this particular example it is not
a general statement.

(Refer Slide Time: 16:25)



Constraint Line due to Landing Stalling Speed
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5 WS < 596.24 ka/m? from V., ., Constraint

So, once again we see that the line will map on the constraint diagram as a vertical line with
the area on the left of the line as feasible and the area on the right as infeasible.
(Refer Slide Time: 16:41)

Limit on WIS from Constraint on
Landing Ground Roll

Parameter Value | Units | Conditions

= 169- (8 - Wro)
P S Co o [Drang + Beott (B - Wrg — Lyges]

Stand

Landing Ground Roll 62im | @ W= 165608 kg, SLISA

®

Moving ahead, let us look at the third constraint which depends only on W / S that is the landing
ground roll. The requirements specified that the ground role should be less than 621 meters at
maximum landing weight of 165608 kg under sea level ISA conditions. So, for that, we will
use this particular formula. If you are not familiar with this formula, 1 would request you to go
back and look at the video of clips of the lecture on constraint analysis for transport aircraft
where all these formulae have been explained so, this formula will be used by us.

(Refer Slide Time: 17:22)



Landing Ground Roll

QSpecifications JAssumptions
» Atmosphere = ISA va=1
* h=Sea Level * Yoy =04
S,,$621m 9 e Y
OData » p=1.225 kgin®
* C, e @ Landing JdCalculate g
{:) Clipns = 2.66 B=10.7668

So, the specifications are that the atmosphere is ISA the altitude is sea level and the required

distance is less than 621 meters. The aerodynamic data is that the €, is 2.66 we have to

assume a few values in this case we do not assume any after burner. Therefore, « = 1 we
assume that the operations are from some standard airports therefore, the w,.,;; is going to be
0.4.

Since the thrust force you know at landing is such and also just after landing during the ground
roll, we put the spoilers therefore, we can assume that the lift at landing is completely killed
and hence we also neglect the drag at landing. So, and the sea level condition density is 1.225.
So, with this what we need to now do is just calculate S is already known actually as 0.7668
we have done it just a few minutes ago. So, we can just remember that value.

(Refer Slide Time: 18:29)

Landing Ground Roll contd

169 (f - Wes)
Simeg = —_—
o T Gy I Dsand # Beott (B* Wiy = Ligae]

With Dy = Ly = 0, we get

Wy S 0 G, Pow

S 168§

Calculate W/SD
W,/S € 624.6 kg/m?

9



So, this is the formula that | mentioned. Now, if you look at neglecting the values of Diang and
Liang, then the formula simplifies and with the simple rearrangement of W / S on the left hand
side you can see that it is just a formula in terms of landing distance as land density C. land
and u,-,;; and B. So, inserting these values we can calculate the W/S constraint. So please pause
and insert the values we all know these values from the last slide. So the number turns out to
be less than 624.6 kg per meter square.

(Refer Slide Time: 19:16)

Constraint Line due to Landing Ground Roll

040

035 ¢

WS g

o

30 0 4 45 S0 = 80 0
WIS < 624.6 kg/m? from Landing Ground Roll constraint

;’;) =

So, it is interesting to note that the landing ground roll constraint is not really that harsh in this

case. And also please remember that we have not worried about converting it to take off
conditions because already in the formula we have included those parameters in the form of
beta. So therefore, the constraint because of the landing ground roll turns out to be 624.6 kg
per meter square and appears as a vertical line with the area on the left being feasible and area
on the right being infeasible.

(Refer Slide Time: 19:50)



Constraints that depend on
both W/S and TW

Climb Rate @ Cruise
Balanced Field Length

®)

So this is how we looked at the constraints that depended only on W/S. Let us look at
constraints that depend on both, W/S and T/W there are 2 such constraints in our table. The
first one is the constraint due to the climb rate at cruise conditions and the second is the balance
field length.

(Refer Slide Time: 20:20)

Limits on T/W and W/S from Constraint on
Climb Rate @ Cruise

Parameter Value = Units Conditions

Co, ., (MB\ (Wro\|, 1kl 1av
oy (7) (%)]* v@gd—,} R

Climb Rate at Cruise 22mis | @W=Wosege @H=11278m, ISA

So let us see the first one, the one which is a constraint due to the climb rate at cruise, this
particular requirement is 2.2 meters per second or 429 feet per minute, which is to be calculated
when the aircraft is just at the beginning of the cruise and the altitude is the cruising altitude of

37,000 feet or 11 to 78 meters under ISA conditions. For this, we will use this master equation.

And if you have if you do not understand this equation, or if it seems very unfamiliar to you, I
would request you to go back and have a look at the video clips of the lecture on constraint

analysis for military aircraft, because we have used master equation mostly in that particular



application, but we will use it also for the current requirement. So, in this large expression,
which relates the Ts. / Wro and Wro/S for several operating conditions, we notice that the

climb rate is actually dh/dt.

So, we are given the value of dh/dt and we have to calculate the link between or the relationship
between Ts. and Wro/S for, we have to calculate the relationship between Ts./Wro and Wto/S
for a given value of dh/dt and the other parameters will be obtained from either the known
value or from the specified constraints.

(Refer Slide Time: 21:57)

Climb Rate @ Cruise
OData JAssumed values

* Woo = 215971 kg
+ ROC=22mis @ISA

* Cp, =0,01277
*n=18&dVidt=0

* A =10.87
* M, =085 g
+H,=11278 m o @M, =0.1789
* W, begin = 203457 kg e, @M, =0.6961

7

() QCalculate k,, B, V., &q@

Let us see how it is done. So, the data for this requirement is that ROC is 2.2 meters per second
under ISA conditions, since it is a level flight n = 1 and also it is a steady flight. So, therefore,
the there is no acceleration. So, the aircraft is in a steady level flight the cruise Mach number
is 0.85 and the cruise altitude is 37,000 feet or 11 to 78 meters and we have obtained some

information about the fuel consumed in the warm up taxi out, takeoff, climb etc.

So, through that we come to know that the aircraft weighs approximately 203457 kg when it
comes in at the beginning of the cruise, the condition at which this climb rate is to be estimated
there are some values which we will assume first of all we will assume that the takeoff weight
of the aircraft is 215971 this is given in the aircraft data. We also know from their dynamic
information that the Cp, of this aircraft is 0.01277 the wing aspect ratio is 10.87.

And from the engine data we come to know that the value of alpha at this cruise Mach number
is 0.1789. And we have also calculated earlier that the value of the Oswald efficiency at cruise

Mach number is 0.6961. So, with this information, we now have to calculate few parameters



which are required in the master equation. These are the induced drag coefficient k1, the value
of aircraft to weight ratio 3, the cruise speed and the dynamic pressure during cruise. These
can be straightaway calculated using standard formula.
(Refer Slide Time: 23:50)
Estimation of k;, , V., & q @ H,,

* Induced drag factor k, = (A, e.)'= ???@) k, = 0.04207

« p=203457 /215971 = 222]) p=0.9421

* P = P@H = 11278 m = 727 (ISA table)([) p. = 03494 kgim’

« T@H,, & 2= @H,= 777 ()
« T@H,, = 216.66 °K & a@H_, = (1.4°287°216.66)° = 295.05 m/s

'V, 84q,272()
V= 0.85'295.08 = 250.8 mis & q,, =(0.5°0.3494'250.82)=772(()
@q =10989.7 Nim? = 1120.6 kg/m?

Let us see how it is done, first of all, for the induced drag factor. So Awing is known e is known,
so pause the video and calculate the value this value turns out to be 0.04207. The next
information we need is £ which is the ratio of the weight of the aircraft at the cruise condition
or beginning of the cruise divided by the weight at the maximum takeoff condition or the
maximum takeoff weight this also can be easily calculated the number is 0.9421.

Then the cruise velocity at the cruising altitude can be obtained either by a numerical
calculation or you can also pick it up from the ISA table because it is an ISA condition and that
number is 0.3494 kg per meter cube. We can also calculate the temperature at the cruising
altitude and the value of sonic speed. The temperature we all know temperature at cruising
altitude is already known because it is a standard value it is 216.66 at an altitude between 11 to

25 kilometers under ISA conditions.

And hence the value of sonic speed can be easily calculated as \/W, where gamma is 1.4, R
is 287 joules per kg degree Kelvin and T is 216.66 degree Kelvin. So, with that the value comes
out to be straight away as 295.05. Now, since we know the value of cruise Mach number and
now, we know the cruise or the sonic velocity at cruise conditions, you can calculate the value

of V and once you know V you know rho and you know V.



So, I would request you to pause and calculate comes out to be 1120.6 kg per meter square. So,
we now have all the numbers that we need ki, 5, V.., q and H,, which we need in the master
equation.
(Refer Slide Time: 26:14)

Climb Rate @ Cruise  contd.

1¢k 1)

Vit ga’:,

Ca, w8\’ Wry
e

Ta 8 |'-:

The Master Equation is : e~ e|§

% _nsazx]nzo.s[omm oo (1-03420V | - 22 |
Substituting values: W_m—OITN(0.9421[{"’:9]/5),0'04.07. 11206 ) (_} *ml

s
T‘q A

Wro
T e —|+C
Wy (‘W.VD‘/S) i

57 Calculate A, B &C(@)
A=79956, B=1.8618"10¢, C=0.0046
Using this, we get vanious W/S and T/W combinations as

+H(

W,/S | | TR =]
(kg/m?) | 300 350 400 450 500 550 600 650
(s ﬂTJW,., 0.368 0.339 0.320 0.307 0.209 0.294 0.291) 0.290

So, we can go ahead the master equation is written there on the on the top of the screen. So, we
know that dv/dt is O, therefore, the last term will vanish we know that dh/dt is 2.2 and V is

250.8. So, with that, you can actually substitute the values and you can get a long expression.
And here what we have done is we have inserted the values of S8, a, q, Cpg, k1, n,V and‘;—f: in

the expression so, this can be easily solved.

In fact, if this turns out to be an expression like Ts./Wro is equal to this whole constant this
whole number divided by W+o/S and then this whole number divided by into a W/S plus a
constant C which will be the terms outside the bracket this these terms and these terms. So, |
think we should you should pause the video at this stage and calculate the values of these 3

constants A, B and C the values come out to be as shown on the screen.

Now, with these values you can replace now in this equation, so, you will get relationship
between Ts. /W0 because you can put A here you can put B here you can put C here and for
various numerical values of Wro/S ranging from 300 kg per meter square to 650 kg per meter
sguare, you can see how it pans out into the diagram. So, this constraint on climb rate at cruise
depends both on W+o/S and Ts./Wro therefore, it will come up as a line in the constraint
diagram.

(Refer Slide Time: 28:03)



Constraint Line due to Climb Rate @ Cruise

2

So, if you draw this line in the constraint landscape, we see that it appears as a curved line with
the area below the line as being infeasible.
(Refer Slide Time: 28:20)
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Moving ahead to the last constraint which is on balance field length, the requirement given is

that the balance field lengths should be to 2812 meters at maximum takeoff weight and under
sea level and ISA+15 conditions for this we are going to use the takeoff parameter as explained
in the textbook by Daniel Raymer. So, the takeoff parameter is a parameter that is obtained
from a graph and from there you can get a direct link between T/W and W/S.

(Refer Slide Time: 28:50)



Constraint on Take-Off BFL
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Let us look at the constraint on takeoff balance field length. This is an image taken from the
famous textbook by Daniel Raymer which shows the correlation between various types of
takeoff distances and the takeoff parameter. So, we know from our specifications that the BFL
has to be 9225 feet at ISA+15. And the data is that there are only 2 engines in this aircraft.

So, with that if you proceed from the y axis with 9225 feet and hit the line for BFL or balanced
field length for twin engine jet aircraft, you can go down and obtain the value of takeoff
parameters as 233 pounds per square feet. This has to be converted into Sl units. And after that
the value of sigma at ISA+15 has already been calculated it is 0.9502.

(Refer Slide Time: 29:44)
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So, let us look at how this constraint can be calculated.
So, | think you can pause the video and calculate the value of A, A turns out to be 4.48 x

10~*.And with this you can get various combinations between W/S and T/W as shown.



(Refer Slide Time: 30:30

So, this pans up into the constraint diagram as a straight line. And this line, the area below this
line is infeasible and above the line is feasible.
(Refer Slide Time: 30:42

So, now let us look at how do, we plot the constraint diagram by superimposing all the
constraint lines one by one.
(Refer Slide Time: 30:52)



First, let us look at the constraint that depend on T/W alone, which are the second stage climate
radiant and the missed approach gradient.
(Refer Slide Time: 30:55

These are appearing as horizontal lines, the first one is SSCG, and the second one is MAG. So
for this problem, we see that the missed approach gradient is more severe than the second stage
climb rate of constraint.

(Refer Slide Time: 31:08)



Constraints that depend on
WIS Alone

Takeoff Stalling Speed
Landing Stalling Speed
Landing Ground Roll

®
Then let us look at the constraint that depend on W/S alone there were 3 constraints in our
diagram, takeoff stalling speed, landing stalling speed and landing ground roll, these will
appear as vertical lines.
(Refer Slide Time: 31:20)
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So, the first one is'tyhe one on stall takeoff. Then, the next one is on stall at landing and the third
one is because of the landing ground roll area on the left of these lines is feasible. So we notice
here that the constraints because of the stalling speed at takeoff and landing ground roll are
weaker than the constraint on the stalling speed at landing.

(Refer Slide Time: 31:46)



Final Constraint Diagram

Finally, let us look at the 2 constraints that depend on both W/S and T/W which are the climb
rate at cruise and balance field length, these will appear as curves or lines in the constraint
diagram. The first one that we bring here is the line due to the climb rate, which is a curved
line and the next one is the constraint due to the landing as due to the balance field length.

So, the intersection of all these lines this is the final constraint diagram. So this area above this
purple line and on the left of this red line, this is going to be the feasible area, because the area
below this line is infeasible, the area on the right of this line is infeasible. So, therefore, this

Q-W)I‘ %0 @0 45 o 55 &0 &0
;) All Constraints included !

area is the one which is the feasible area.

(Refer Slide Time: 32:37)

Using the nlersection of most crtical constraints

DETERMINATION OF DESIGN POINT
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+Design Point W/S = 590 kg/m? ; TIW =0.30

So, now moving on, let us see how to find the design point. This is obtained by taking the
intersection of the most critical constraints which is as shown in the screen 596.6 kg per meter
square and T/W of 0.291 that design point will be taken slightly above and slightly on the left
of this constraint, these intersection points because of the requirement to give some margin for

growth of the aircraft and for changes in the design as the analysis procedure progresses.

So it is always good to give some margin so what | have done is | have given a little bit of
margin on the left hand side and literally margin on the vertical side so the design point.

(Refer Slide Time: 33:23)
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+ Design Point WIS = 590 kg/m? ; TW = 0.3
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(t) PIANO estimate for B787-8: WIS =600, TW=10.28

Now let us see hoWA far we are from reality let us just check, so this is our constraint diagram.
And the values that are given in PIANO for Boeing 787 are 600 and 0.28. So what we see is
that we are very much near the values which are available in PIANO. So it shows that our
constraint analysis calculations are very much near reality. Hope your calculations were

matching with this. Thanks for your attention.



