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(Reciprocating Engines) wu8, g cé, sla, 9594

.JJ)‘Q J.OJ 9 J.o.‘> eLua o uoj..a?u Lgdl.s) L_g‘LQdﬁ)ng LAY gw )A.Lu.u &9.: )‘ l.cj.o.c

FIGURE 9-4

An automotive engine with the
combustion chamber exposed.

Coirtesy of General Motors
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ol gl

e pb a4 Camdgo 90 (o joidow SO0 (et

WS o ol jaikew (49,0 40 1) e JBlas a5 iadge — (top dead centre (TDC) ) YU & po akaiis
WS e 0l jaidew (49,0 40 1) o> iSlas> a5 — (bottom dead centre (BDC)) ol 5 ye abais

‘.LSLSAM "/).39;"4.’9)

D9 o0 03wl (bore) ,Ls ()G p18 g stroke of the engine) 295 095 §9? alali 9o asls

Intake Exhaust
valve valve

A

-TDC
Stroke
~—}-—4-—-*--BDC
FIGURE 9-10
Nomenclature for reciprocating
engines.
I"":Iu'l-l ] I"":I|i| W

515 s CoOmpression ratio: » = —

; | A
| ¥ min T

] )

BDC

i@) Displacement i b) Clearance
volume volume
FIGURE 9-11

Displacement and clearance volumes
of a reciprocating engine.
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(Mean effective pressure : MEP) 40 .Sl jLzs

P4
Wncl = MEP (Vm;nx = Vmin)
|
|
|
|
|
MEP|-——-——————————— |
| |
I |
! l _
anlin anmx vV
TDC BDC
|
|
|
FIGURE 9-12

The net work output of a cycle is
equivalent to the product of the mean
effective pressure and the
displacement volume.

oad adg alls IS S 1 g 08 wyeS pled jo ST a8 canl (g5lme JLid SO

Wiet

MEP = =
Viax — VY,

max min

Whet

kPa
R (kPa)

max min

16 Sy 50 (29,5 AL g
Woa = MEP X Piston area x Stroke

= MEP * Displacement volume

210 Gl ol s yei g0 (guos aws
2P bl a8, Jlesl )
(Spark-ignition (SI) or Petrol engines)

F5935 yige b oST5 Jlarsl -¥
Compression-ignition (Cl) or Diesel engines)
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Exhaust valve

End of
combustion
P A
opens
T
Intake (“"izp,.e ~
valve opens “op
Exhaust
=
atm i G >
Intake

BDC v

MAW
-1 ]ﬂ:
I
Lo
Air—fuel I l
mixture
]ﬂ: 1]
|
1
Compression Power (expansion)
stroke stroke

(a) Actual four-stroke spark-ignition engine

Gin

b
AIR

(2) (2)+3)
L
]ﬂ: (1)

Isentropic
compression

v = const.
heat addition

(b) Ideal Otto cycle

Exhaust

gases

Exhaust
stroke

AIR

Isentropic
expansion

S0 3l gise Jlowl s (gably S

(3)

4)

Air—fuel
mixture

)

Intake
stroke

JOMRCIORE g8

-« qout

AIR

ST

V = conslL.
heat rejection

(1)
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g1 oyl S T8 piomis

IC Engines Classifications:

‘4 qult
Four-stroke cycle

1 cycle = 4 stroke = 2 revolutions of crankshaft

Two-stroke cycle
1 cycle = 2 stroke = 1 revolution of crankshaft

“ Y

Sequence of processes:

[-2
23
3-4
4-1

Isentropic compression
Constant-volume heat addition
[sentropic expansion

Constant-volume heat rejection

10
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51 S slo

Wne Qne Qin B Qou Qou
n, = e = et t _q_ out

Qv G Q Qi

: Qout 9 Qin o 2

.V =constant «¥-Y aul,8 olp Jol el Jles!
Qner,23 - VVner,23 — AU23

/4

net, 23

=W

other,23

W, =0+ [PdV =0

1ol oy slo)S sl

Qnet, 23 — AU 23
Qnet, 23 — Qin — va (Ts — Tz)

.V =constant -\ ool s slp Jol 568 Jlesl

Qner,41 — er,m = AU41
VVner,A,l = VVoﬂ?er,éll + VVb,41 =0+ J:PdV =0 "
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1ol oy sloyS sl

Qnet,4l = AU41

Qnet,4l - _Qout — va (Tl _ T4)
Qout — _va (T1 — T4) = va (T4 - Tl)

>
QOU
Tlth, otto = 1- ?nt
1— va (T4 - Tl)
mC, (T, —T,)

(T, -T)

-1-= =7

Tlth, otto (T3 _Tz)
1— Tl(T4 /Tl _1)
Tz (Ts /Tz _1)

12
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Pl SS9, 05  Y-F 5 1Y laus] ) asl @y azgi b

T, _ T,
T T
or
T, T
TOT,
1A
Tl otto = 1_%

sl ply 95,5 IS lonily L]

13
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ol = VIV, (oS15 s oS

M, otto = 1- (kL

14
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(Autoignition) Jleislsgs L (Enging KNock ) iusS sasay

) 0 dedo 00,5 1S, y5ige
QS o obul W51 oo Gl Cosgase G Jlililogs

4
a5l )yyob_a‘)lsjao)agéulﬁ;wf‘
0.6 i
Typical
0.5 compression 0.8}
o ratios for
S 0.4 gasoline
& 03k engines o 0.6
=
0.21 ~3 04k
0.1
L | 1 ! Pl 02
2 4 6 8 10 12 14
Compression ratio, r T A B ST P

2 4 6 8 10 12
Compression ratio,

Thermal efficiency of the ideal Otto e
cycle as a function of compression The thermal efficiency of the Otto
ratio (k = 1.4). cycle increases with the specific heat

| - | ratio k of the working fluid.

15
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Example 9-1

An Otto cycle having a compression ratio of 9:1 uses air as the working fluid. Initially P, = 93
kPa, T, = 17°C, and V, = 3.8 liters. During the heat addition process, 7.5 kJ of heat are added.
Determine all T's, P's, n,, the back work ratio, and the mean effective pressure.

Process Diagrams: Review the P-v and T-s diagrams given above for the Otto
cycle.

Assume constant specific heats with C, = 0.718 kJ/kg -K, k = 1.4. (Use the 300 K data from
Table A-2)

Process 1-2 is isentropic; therefore, recalling that r = V,/V, =9,

k-1
14 B
L=Tgh] =50

= (17+273)K(9)""
= 6984K

16
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k
V
P = P{Vl] = R(r)

2
= 95kPa(9)"”
= 2059 kPa

The first law closed system for process 2-3 was shown to reduce to (your homework solutions
must be complete; that is, develop your equations from the application of the first law for each
process as we did in obtaining the Otto cycle efficiency equation)

Qin = va (TS _TZ)

Let g;, =Q;,/m and m=V,/v;

RT,
Vl — ?
1
0287 (290K) ;
kg- K m°kPa
95kPa kJ
3
_ 0875

kg

17
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Then,

1727

— 698.4K + ';%
0718 >

kg- K

=3103.7K

Using the combined gas law (V; =V,)

P, =P, —015MPa

T, 18
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Process 3-4 is isentropic; therefore,

k e
k-1 k-1 1.4-1 P =P E = P l
V. 1 1 4 3 % 3
T4 = T3 3 = T3 (_j = (31()3_7)K (5) 4 r

4 r 1 1.4
=1288.8K =915 Mpa[gj
=422 kPa
) Qout = va (T4 - Tl)
Process 4-1 is constant volume. So the 0
first law for the closed system gives, on Oout = r:“ =C,(T,-T)
a mass basis, )
= 0.718——— (12888 —290) K
kg- K
~71729
kg

] ) . Wiet = Unet = Uin — Yout
The first law applied to the cycle gives K]
(Recall Augy,e = 0) =(1727-7174) o

g
- 10096 19
kg
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The thermal efficiency is 1009.6kJ

. Wy kg
th, Otto ~— —

qin 1727kJ

kg

= 0585 or 58.5%

The mean effective pressure is

MEP = Wnet _ Whet
Vmax _Vmin Vinax ~ Viin
_ Whe Whet _ Woet
- Vv, —V, - v,(1-v,/v,) - v,(1-1/r)
1009.6:21] .
= 3 =1298 kPa

3
0875™ -1
kg 9

The back work ratio is (can you show that this is true?)
Au, C/(T,-T) (T,-T)

W
BWR = —=22™° _ — —
W, —AU34 Cv (T3 _T4) (T3 _T4)

exp

| =0.225 or 22.5%

20
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23y (50 O 3l (Fedlogs Jlaial g 09l (0 00,88 (oS T3 Al jo )0 g0 LS L3315 Hsige o
QS oL OVFBY o) 5YL Gl oS TS cas jo o ygige opol

il oolaiwl bl W gige pl jo (il S oYL L sl o g

Spark Shaitk Fuel
|| injector The combustion process takes place over a
S AIR longer interval - fuel injection starts when
RAAD the piston approaches TDC and continues
Ir—-1ue ' -
e FuelSpray during the first part of power stroke.

Diesel cycle is approximated as a constant-

d ) d Hence, combustion process in the ideal
‘ l pressure heat-addition process.

Gasoline engine Diesel engine _ _ _
In diesel engines, the spark plug is

replaced by a fuel injector, and only
air is compressed during the
COMPression process.

21
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I)
Sequence of processes:.

1-2 |sentropic compression

2-3 Constant-pressure heat addition
3-4 Isentropic expansion

4-1 Constant-volume heat rejection.

(@) P- vdiagram Note:

Petrol and diesel engines differ only in the
manner the heat addition (or combustion)
process takes place.

|t is approximated as a constant volume
process in the petrol engine cycle and as a
constant pressure process in the Diesel
engine cycle.

FIGURE 9-21
T-5 and P-v diagrams for the ideal

(b) T-s diagram Diesel cycle.

22
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Em _ Eom‘ — AE
Qnet,2a — VVner,B =AU
qur 23 = W

=05 -1;)

Qnet,23 — AU23 + Pz (Vs _Vz)

e S Gl plenily

: Qout 9 Qin et Sl

P =constant .v-Y au1,8 sl Jgl o9l Jles!

other, 23 + %,23 — O + J;PdV

1ol oy slo)S sl

Qnet,23 = Qin = va (Ts _Tz) + mR(T3 _Tz)

Qn=mC,(T;—T,)

E —FE =AE

out

Qner,4l — VVner,ﬂrl - AU41

14/ — J1/

L net, dk 4o A cother 41 ﬂW b,41 — O"'_"PdV 0

/ =constant f-) sl s ¢l Jgl e Jleel

23
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Qnet, 4~ AU 41

Qnet,41 — _Qout — va (Tl - T4)
Qout — _va (Tl - T4) = va (T4 - Tl)

Qo
Qin
1— va (T4 - Tl)
mC, (T; —T,)

77th, Diesel — 1-

Mih Diesel — +— CV (T4 _Tl)

| Cp(TS _TZ)

1 T,(T,/T,-1)
K T(T,/T,-1)

24

1ol oy sloyS sl

>



http://www.mohandes-iran.com

BV _ BYs here P=P
T3 T2

TV,

T2 VZ i

SLad o &l 0958l ley o 5l g bexs g el V3 IV, il a8 098 o ouuels (CUOST ratio) gi—Lb.o.,\ Cnsd I
ol s 3 g Bl Jsb

I:)4V4

where V, =V,

PV,
T, T,
T4 P4
T R

RIS &...,9).,.,)4] Y-F 4 )V Lchm.:_J)é Sl asg b

PV =PVX and PV) = PV;

25
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:Jol Aolaa s pgs aloles s L Py = Py gV, =V, a5 LT |

1 T,(T,/T,-1)

=1 =
77th, Diesel k -I-2 (-I-3 /-I-2 . 1)

_ _lTl rck_l
K T2 (rc _1)
1 rf-1

k(- 1)

26
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For the same compression ratio, thermal efficiency of Otto cycle is greater than that
of the Diesel cycle.

nth.Otto > nth.Diesel

As the cutoff ratio decreases, the thermal Thermal efficiencies of large diesel engines
efficiency of the Diesel cycle increases. range from about 35 to 40 percent.
When r, =1, the efficiencies of the Qtto Higher efficiency and lower fuel costs
and Diesel cycles are identical. make diesel engines attractive in
\ applications such as in locomotive engines,
- _ 1 (0% emergency power generation units, large
' ships, and heavy trucks.
0.6
= 051
5 0.4}
-~ Typical
0.3F compression
02l ratios for diesel
i SIS FIGURE 9-22
alii Thermal efficiency of the ideal Diesel
Lo 1y eyele as a function of compression and

[ ~
2 4 6 8 10121416 18202224  cutoff ratios (k = 1.4).
Compression ratio, r

27
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15 3l yol b ygige sl aib1,S @y JT ows! JSuw (Dual Cycle) (obgo S

P-v diagram of an 1deal dual cycle.

Note: Both the Otto and the Diesel cycles can be obtained
as special cases of the dual cycle.

28
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9-41

A four-cylinder, four-stroke, 2.2-L gasoline engine operates on the Otto cycle with
a compression ratio of 10. The air is at 100 kPa and 60°C at the beginning of the
compression process, and the maximum pressure in the cycle is 8 MPa. The
compression and expansion processes may be modeled as polytropic with an
index of 1.3. Using constant specific heats at 850 K, determine:

a) the temperature at the end of the expansion process,

the net work output and the thermal efficiency,

the mean effective pressure,

the engine speed for a net power output of 70 kW, and

the specific fuel consumption, in g/kWh, defined as the ratio of the mass
of the fuel consumed to the net work produced.

o O

b)
)
)
)

D

Note: The air-fuel

m . i i
specific fuel consumption sfe = —7 ratio, deflngd als.the
M Wiy amount of air divided
by the amount of fuel
_ intake, is 16.
engine speed for a net power output s = Rev/s
”?z“net AF m, M, —nm;

. 29
| vicvyele m m
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9-59
A six-cylinder, four-stroke, 4.5-L compression-ignition engine operates on the
ideal Diesel cycle with a compression ratio of 17. The air is at 95 kPa and 55°C
at the beginning of the compression process and the engine speed is 2000 rpm.
The engine uses light diesel fuel with a heating value of 42,500 kJ/kg, an air-fuel
ratio of 24, and a combustion efficiency of 98 percent. Using constant specific
heats at 850 K, determine:

a) the maximum temperature in the cycle and the cutoff ratio,

b) the net work output per cycle and the thermal efficiency,

c) the mean effective pressure,

d ) the net power output, and

e) the specific fuel consumption, in g/lkWh, defined as the ratio of the

mass of the fuel consumed to the net work produced.

30



http://www.mohandes-iran.com

STIRLING AND ERICSSON CYCLES

CygmSa 5 9 SO ! JSo
T4 T T
L) Tin 2
TH r= = :
z Z
811 4 8
!I !I
TL b—— <
S
B
P

J

(a) Carnot cycle (b) Stirling cycle

o - |

(c) Ericsson cycle 31
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.,, Regenerator

Regenerator Tin

- | | .
LY LY LY -— TH
Heaat

TI_ = const. I]n' TH= const. Woet
Compressor U Turbine —
"y r _ |
,_‘ qDLl[ an L itdte
hqnu[
32
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Brayton Cycle: Ideal Cycle for Gas-Turbine Engines

S5 g slo,gige Jl el U 1yginlp U

3lyl iz
Fuel Combustion
chamber
3
3)
)5-*’)*"5 j If“u Oy Wnet
Cﬂmp)ib Turbine — |s—
~— | Fresh Exhaust m
U J[air gases 4
oG slga S
>9
FIGURE 9-29 ’

An open-cycle gas-turbine engine.

httn /i mohandes-iran ::-Er" b S (638 95 b S 5ise (o28ly S

33
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1-2 Isentropic compression;

2-3 Constant-pressure heat addition;
3-4 |sentropic expansion;

4-1 Constant-pressure heat rejection.

Sl o515 1Y
<ol s o b S o Y-Y
coli jld o LS 80 -

Gin
v
Heat
exchanger
(3)
) ~
N
N Whet
Compressor | Turbine pr—-
/ \f
O J[ Heat ) @
exchanger
v
qull
FIGURE 9-30

A closed-cycle gas-turbine engine.

34
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ot

L
3

() P-v diagram v (a) T-5 diagram .
1
nt]'l,Br:]}-'ton =1 = f" (k—1)/k
11'3‘
P, . :
where 1, = 5 is the pressure ratio.

1
35
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Thermal efficiency of the Brayton cycle
— Wnet —1— Qout

77th, Brayton _
Qin Qin

V"usu“’q O b Qout I Qin dté
] i Lad a5 2-3 0T 8 6l sl o9l Jlas! L

e L_;LS.,@JQL&.Q)“ oolazu] l.»

mm — Ifﬁout
m, = m3 =M
1ul oy slo)S sl
Qm = m(h3 o hz)

m 36
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ol o9 slo,S 28 Ly culilad 4-1 o180 o5, doleo bes 5 et 4

Qout = m(h4 B hl)

Qout — me(T4 _Tl)

QOU
Qour = mt = Cp (T4 _T1)

1_ Qout — 1_ c]out

77th, Brayton —

Qin qin
G -T)
T Cp(T3 _Tz)
. (T4 _Tl)

=1
Ji th, Brayton (T3 _ T2)
(T /T, 1)

L(T,/T,-1)

37
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(k-1)/k
L (p
R

r 1

T (k-D)/k

ST &qgﬁjﬂ 3-4 P 1-2 MT)s aS 2,8 ol eolaiwl b

(k-1)/k (k=1)/k
L_(p\7 L (n
L \R A
T, T T, T
2 __3 or _4 _ 3
Tl T4 1 2
:1aJ
Tl
Tl Brayton — 1+~ -I-_2
el Sog il Y-V anl ) aSl |
_ k=D 1
’ =1
Tlth, Brayton =+~ (k=1)/k
rp

38
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'-']'th,El myton

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Typical pressure
ratios for gas-
turbine engines

|
5 10 15 20 25
Pressure ratio. r

39
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Example 9-2

The ideal air-standard Brayton cycle operates with air entering the compressor at 95 kPa,
22°C. The pressure ratio r, is 6:1 and the air leaves the heat addition process at 1100 K.
Determine the compressor work and the turbine work per unit mass flow, the cycle efficiency
the back work ratio, and compare the compressor exit temperature to the turbine exit
temperature. Assume constant properties.

Apply the conservation of energy for steady-flow and neglect changes in kinetic and potential
energies to process 1-2 for the compressor. Note that the compressor is isentropic.

Ein — Cout
mlhl +Wcomp = m2 h2

The conservation of mass gives

40
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For constant specific heats, the compressor work per unit mass flow is

Wcomp =m(h, —h))
WComlo =mC (T, - T,)

comp

Wcom
W, = i =C,(T,-T)
m

Since the compressor is isentropic

(k-D)/k
T, _ P,] ey
P
L\ A
_ o (k=1)/k
L =Tr,

(22 ~+ 273) K(6)(1'4—1)-*’"1-4
4925 K

41
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=C,(T,-T)

- 1005k—‘] (4925-295)K

kg - K

=198. 15k—‘J

kg
The conservation of energy for the turbine, process 3-4, yields for constant specific heats (let’s
take a minute for you to get the following result)

turb m(h )
\Nturb mC (T T )

W r
Wturb rt,;b C (T T)

(k-D/k
L_[4A
L\ h

comp

Since process 3-4 is isentropic

8]

42
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Since P, =P, and P, = P, we see that

(k-1)/k
L_11
T, r

1 (k-1)/k 1 (1.4-1)/1.4
T,=T, [_j =1100K (—J = 659.1K
6

o

Wy = C, (T, = T,) = 1'0056—?K (1100—659.1)K

= 442.5k—J

kg

We have already shown the rr%]eal suppl iﬁ]d to the cycle per unit mass flow in process 2-3 is

2 3
mzhz + Qin - m3h3

Qin = O =h,—h,

m

kJ
=C,(T,~T,) = 1.005kg—_K (1100 - 4925)K

_ 6096 N

kg
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The net work done by the cycle is

Whet = Wiurp = W.

net —

comp
K
= (4425-19815) X
kg
= 244.3k—‘J
kg
The cycle efficiency becomes
77th, Brayton — Wr-1et
244.3:?;
— =040 or 40%
609.6k‘]

kg

44



http://www.mohandes-iran.com

The back work ratio is defined as

BWR = —n_ _ oo
W Wturb

out
198.15k—'J

_ lfjg — 0448
4425

kg

Note that T, = 659.1 K > T, =492.5 K, or the turbine outlet temperature is greater than the
compressor exit temperature. Can this result be used to improve the cycle efficiency?

What happens to ny, w;, /w,,, and w,, as the pressure ratio r, is increased? Consider the T-s
diagram for the cycle and note that the area enclosed by the cycle is the net heat added to the
cycle. By the first law applied to the cycle, the net heat added to the cycle is equal to the net
work done by the cycle. Thus, the area enclosed by the cycle on the T-s diagram also
represents the net work done by the cycle.
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For fixed values of 7, and 7.,
the net work of the Brayton cycle
first increases with the pressure

ratio, then reaches a maximum at
r, = (T /T . ¥2k=Dl and

-
ARV

o) / Wnet,max

max’ © min

finally decreases.

Tmin | _./

300K | 1

Y
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Improvements of Gas Turbine’s Performance
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W = Wturb Wcomp
=C,(T;-T,)-C,(T,-T)
=C,L(L-T,/T,)-C,T(T,/T,-1)

1
r (DK
My

T k/(k-1)
rr=1 and :(ij
Tl

1
Wnet — CpTB (l_Y) o CpTl(X _1)

Ty ) G, T V% — 1)

dw

net — O
dr, % =C,T,[0-(-)X 2]-C,T,[1-0] =0
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T 20k-1)/k
> 43
X" = 7 (rp)
1
7 k/[2(k—1)]
3
r = —
p, max work
1,
For the ideal Brayton cycle, show that the
following results are true.
*When rp = rp, max work T4 = T2
*When ry <1, maxworks 14> T 280 [ 0.60
“When ry > 1, naxcworks 14 < T 260 | ) loss
oao b -— 10.50
220l {o.45
% 00l // {o.a0  _
E ._ d T1722C loss £
~ 180} Pl:95 kPa E‘Elr
£ T, =1100 K 1°3° &
160 | N =M, = 100% {o.25
140 | o max {0.20
120 L—— — | o015
0O 2 4 6 8 10 12 14 16 18 20 22
P

ratio
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Brayton Cycle With Regeneration
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*

oL (Effectiveness ) boail, L o1, <o o

Qregen.act - hS o h2

Qregen,max — hS’ o hZ — h4 _ hz

obib o e

qregen.z]ct 115 — /’12

€ — —
qregen,max /34 - /’12

e

Is — T,
€E =
T4 - T2
2l b gl JSew plendl,

T, o
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Brayton Cycle With Intercooling,
Reheating, & Regeneration
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Brayton Cycle With Intercooling,
Reheating, & Regeneration

Regenerator
i0)
{9
- NAAAN
AAA%

: l®
5

Combustion

@ chamber Reheater
b
— 8 | g
@ 7 'C:' O

1 @ S g s
A e Y S e | »
.omplressm ":']“1;{35501 J— 'U|_|\ Turbine | |l  Turbine [ RS —f
—T —— - - T
"'f-l;'z“‘-_ g T ] H"‘“ﬁ_-.
L=/

-
)
@

AAA",

Intercooler

FIGURE 9-43

A gas-turbine engine with two-stage compression with intercooling, two-stage expansiongvith

i ] | | renemm% au]d regeneration.
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9-110

Consider a regenerative gas-turbine power plant with two stages of
compression and two stages of expansion. The overall pressure ratio of the
cycle is 9. The air enters each stage of the compressor at 300 K and each stage
of the turbine at 1200 K.

Accounting for the variation of specific heats with temperature, determine the
minimum mass flow rate of air needed to develop net power output of 110 MW.

Answer: 250 kg/s.
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9-108

Consider an ideal gas-turbine cycle with two stages of compression and two
stages of expansion. The pressure ratio across each stage of the compressor
and turbine is 3. The air enters each stage of the compressor at 300 K and each
stage of the turbine at 1200 K. Determine:

(a) the back work ratio, and
(b) the thermal efficiency of the cycle

assuming:
()  no regenerator is used, and
(Il) aregenerator with 75 percent effectiveness is used.

Use a variable specific heats assumption.
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IDEAL JET-PROPULSION CYCLES
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Low pressure Fan air bypassing 2-stage high pressure
Fan compressor the jet engine turbine to turn outer shaft

Emm e e / Low pressure turbine
! \ —.  Combustors to turn inner shaft
= \lL —-;y,, High pressure
[ L] 1 | compressor — Thrust

BN
e

shaft to turn the fan
and the compressors

A modern jet engine used to power Boeing 777 aircraft. This is a Pratt & Whitney
PW4084 turbofan capable of producing 84,000 pounds of thrust. It is 4.87 m (192 in.)
long, has a 2.84 m (112 in.) diameter fan, and it weighs 6800 kg (15,000 lbm).
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