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O e voRK 17 M RECOMMENDED PRACTICE
' Issued 11"1‘)4r

AIRPLANE CABIN PRESSURIZATION Revised 11-15-59

l. PURPOSE: This Aeronautical Recommended Practice is intended to outline design
practices and minimum performance recommendations that are based on sound
engineering principles and are intended as guides for future standard engineer-
ing practices for the aircraft industry. These recommendations are to be
considered as being currently applicable and necessarily subject to revision
from time to time due to rapid development of the industry. The basis for

ases may apply to

2. SCOPE: These recommendations cover the general field of airplane cabin
pressyrization equipment and are subdivided as follows:

GENERAL REQUIREMENTS FOR PRESSURIZED AIRPLANES

CABIN AIR COMPRESSORS

CABIN PRESSURE REGULATING EQUIPMENT

ENGINE BLEED AIR DUCT SYSTEMS

CABIN PRESSURE DUCTING SY3TEM

3+ GENERAL REQUIREMENTS FOR PRESSURIZED AIRCRAFT:

341 Air Capacity:

3e¢lel Cabin pressure systems for multi-engine aircraft designed for cruise
operation above 20,000 feet should contain two or more pressure sources,
eath capable of independent continuous operation,

3¢1c2 Eagh separate source of cabin pressurizing air should independently
supply—su : —air—te rmit—the maintenanee—of aeeontrollable max-

imum cabin differential., In determining the necessary flow rate to

meet this requirement, due consideration shall be given to the minimum

flow required for normal operation of the cabin pressure regulating

valves, cabin leakage (maximum) at full cabin pressure differential,

at design cruise altitudes, and the flow rate through all essential and

non-controllable overboard leakage paths such as radio rack venturi, etc.

v, G et

3ele3 All pressurized aircraft should provide for an alternate source of un-
pressurized air (ram) through the normal air distribution system. The
quantity of air flow is tobe determined by the maximum ventilation re=-
quired during a low speed, low altitude, hot-day condition. Adequate
ventilation for smoke evacuation shall be considered,
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3¢2 Alr Leakage:

3e2.1 Air leakage is to be stated in pounds of NACA sea level air per minute
measured with maximum design pressure differential across the cabin.
Air flow measured at other than sea level density may be standardized

approximately by the use of the following formulas

Where:

ws = le
= Mea
Tc = Afjr
= Absda

30242 Leakage 1
ducting f

We = Wa? YWy VTo  x 0,605 Wy X VT,
. Yo

J e Po

age rate in lbs/min, at standard sea level density
red leakage rate in 1lbs/min

Temperature in cabin (°R

lute pressure in cabin (PSIA)

ests shall be made on each pressurized airplane. All prlessure

in the u
harnesse
stalled,
30203 The follo

a) Wit
dif

this differentialy or

b) Wit
shu
dif|
to

rom the air source to the pressurized area that are locdted
ressurized area as well as all ducting that discharges [to

ambient pgressure and are located in the pressurized area are to
installed at the time the leakage testds made. A4ll cables, tubing,

s €tc., that plerce pressure structure are also to be in-

wing methods of measuring leak rates are recommendeds

h cabin pressurized on the ground to design pressure
ferential measure the air input required to maintain

h the cabin pressurized to design differential pressure,
t off the air supply, measure the time to reach lower p
ferential and calculate the leakage rates., This valuve ils

hasl g

be(established experimentally on the first aircraft that

3.2.4 For aircraft which have been in service, leakage testing shall be
accomplished at intervals established by service experience.

3¢3 Decompressi

passengers and to prevent structural failures in the event of sudden

decompressi

Ole

3.4 Desirable Design Features:

3ol The cabin structure, windows,doors, seals, ducting and pierce points
through the pressurized area should be designed for minimum leakage.

be

essure

on: Blow-out panels and/or sufficient flow areas should be
provided between compartments as required to prevent injury to crew and
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3”-‘».2

3.h.3

3elieks

3elie5

3.keb

Overboard venturis for ventilating radio and electrical compartments,
lavatories, buffets, etc., should be designed for a minimum flow

commensurate with needs.

Self-energizing type of door seals should be considered whenever:

possible,

Alternate cabin air compressor air intakes should be provided where
necessary in the event the normal air intake ices over.

Jude the possibility of entrance of oil, fuel, exhaust
now, ice and foreign objects into the system.

oise level specifications for crew or passenger compar
he maximum allowable noise as contributed<by all airer
ources. Thus, the noise level &sign requirements for
ystem alone, will generally have to be 'set lower (made
han the governing total noise specification in the con
entilation noise is only one of aCnumber of contributj
ources, The Mmargin" between the total noise specifidg
entilation design requirements, dependent upon the rel
n controlling the noise from“ the different sources, sk
arly in design.

oise level specifications have conventionally, at leas

e location of air compressor inlet scoops should be Juch as to pre~

fumes, water,

tments state

aft noise

the ventilation
more stringent)
lpartment, since
ing noise

ations and

lative difficulty
lould be set

t to the present

ime, been stated in_terms of maximum overall sound p1
imum sound pregsure levels in octave frequency band

mble). While these noises may be

he crew or passengers.

hat objectionable noises are eliminated, a test progr
ative portion of the system should be conducted.

ressure level and/or
o« Such specifica-

ions cannot adequately cover "pure tones" or "pitched|noise" (such

s the whine froom high speed rotating equipment, whistles or duct

of lower intensity than the
erall orloctave band specifications, they could be objectionable to

o insure that the system is below the desired overall |noise level and

on a represent-

Consideration should be given early in design in keeping the noise level
generated and transmitted by the pressurization equipment %o an accept-

able minimum,
system design,

The following should be carefully considered in the

a) Location of noise generating equipment relative to the

occupled compartments,
b) Low air velocities in the ducting,

¢) Insulation treatment to ducting and components as required

for sound attenuation,

d) Avoid sharp edges, abrupt directional changes and direct

impingement in duct design.
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Lhe CABIN AIR COMPRESSORS:

Lol Design Requirements:

Lolel

Lhels2

h.1.3

Lolud

helds5

The cabin air compressor should provide stable flow for any or all
conditions of operation up to design altitude. The output of the
cabin air compressor should not be adversely affected by engine
management during normal operation.

A flow cohtrol device should schedule the total air flow from sed level
to maximum cruising altitude and should be compatible with tHe ventila-
tion requirements and the intent of Paragraph 3,1.2.

A reliable overspeed mechanism, preferably sensing shaft speed, should
be provided to override the normal controls. For turbine driven
compressors the overspeed device should shut the wnit down by closing
the turbipe bleed air valve,

For mechanically driven compressors, the overspeed device should provide
governing| of the unit speed through a "topping" type speed control
system, (Consideration should be given to'selection of gear ratios
which will minimize the maximum wheel $peeds attainable.

Containment of wheel burst fragments in high speed rotating equipment
is an essential design consideration.

For turbine driven units consideration should be given to the desfign
of the turbine blades so that failure of the blades occurs at a speed
above the|overspeed setting and below that at which either blade lor
hub failure of the compressor wheel may be expected to occur,

The Compr¢ssor and turbine scrolls should be designed to contain blade
fragments| at the overspeed condition.

desirable
the

To minimize the possibility of trans-hub failures the hubs should be
designed for low operating stresses, Careful attention should be
given in detail design to avoid stress risers,

When applicable, meahs should be incorporated to prevent surge of the
cabin air compressor under any normal flow conditions and damage to
the compressor under any abnormal flow condition,

PN

NS
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L.le6 Cabin Air Compressors should be provided with suitable o0il seals to
preclude oil vapors being carried to the ducting system.

Lele7 The lubricant should be suitable for use throughout the operating and
environmental range of the aircraft. The unit should be designed to
preclude the need for frequent lubrication service. A design objective
of 500 hours between servicing is recommended. The lubricant reservoir
whenever possible should be an integral part of the cabin air compressor.

)401.8 >

Q

L.2 Pey

ervice time of 2500 hours of operation between overhau
esign objective.

formance Presentation - Compressor:

Le2s1

entrifugal Compressors ¢

Le2.1.1

h.2.1.2

Le2.1.3

Le2e10ls

h.2.1.5

Compressor performance information should be plotted
system which consists of directly measured quantities
meters may be expressed in their nést workable form,

The basic performance graph should consist of pressun
ordinate plotted against "flow factor" as the abscissg
factor and adiabatic temperature efficiency as parame
all the required information cannot be combined conve
one graph, the various| factors may be plotted separat]
"flow factor", Mechanical efficiency of the machine
contained in parameters plotted but should be defined
clatures

should be a

on a coordinate
so that para-

e ratio as the
a with a speed
ters., Where
niently in
ely against
should not be
in the nomen-

The units used for the variable in the performance prnesentation should

be those which are readily measured during tests.

Since (the factor of impeller speed is a primary indep
it should not appear in the "flow factor'.

endent variable,

Choice of factors and units should be such as to give

maximum clarity

h.2°1.6

and spread in the plotted results and well define limits of operation

and surge.

The system of presentation similar to that in Reference 8.1 meets
the above requirements and is recommended as an industry standard.

Le2.,1.,7 The basic equation is as follows:
Py, T, Cp JTiIW = W \/ Tq , ND
Pl Tl HPA j; D2 Pl ,ffi-
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h.2.108

NOMENCLATURE

P, = Absolute pressure of stde atmosphere (29,92 in H Yo
P; = Total absolute pressure at compressor inlet, incHes of mercury.
P> = Total absolute pressure at compressor discharge, inches of mercury,
To = Temperature of std. atmosphere at sea level, degrees fahrenheit
absolute. ‘
T, = Total temperature of fluid at compressor inlet, d egrees fahrenheit
abpolutes
Ty = Total temperature of fluid at compressor discharge, degrer
fahrenheit absolute.

= Welight of fluid inspired, pounds per minute.
Py= Adjiabatic horsepower.

= Impeller diameter, inches.,
= Impeller speed, revolution per minute,
= Adjabatic exponent = Cp = 1e395 for normal air.

Cy

C, = Spgecific heat at constant pressure, BTU/1b/°F = 0,243 for hormal air.

Y = Specific heat at constant volume, BIUZ1b/°F = 0.17) for normal air.

k-l

P K=l
¥ "[(..2..) k —] = Ratio ofltemperature rise to absollute
: Pl inlet \temperature in adiabatic compression.
g = Acteleration of gravity - 3242 ft/sec.?

J = Meghanical equivalent of heat - 778 ft.lbs. per BTU
HPg= Shaft horsepower (includes, bearing losses)

From the constants, definitions, and the basic equation, the folllowing
relationships may be established for general use when air is the fluid.

r = Pressure ratio = P, (ordinate)
Py
Fo= Flow Factor = W V'Tp (abscissa)
2
D Pl

M = Speed factor = ND

ii230 Y Tl

HP,= Adiabatic horsepower = CpJTlYW = 0,00573 TyIW

33,000
s = Adiabatic shaft = 0,00573 TyYW
horsepower efficiency —0u-—_

N Pg

TN

AN

~ N
N\, 7
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Temperature ratio (actual) = T, (ordinate)
T1

/77 = Adiabatic temperature efficiency = T1Y (contour)
-1

/7'v-n « HP A = mechanical efficiency

9(HP)

Y = <P2 0.283 _;
Py

Le2¢le9 | Typical illustrations of the recommended forms for performance pre-
sentation are given in the attached Figures-1l and 2.

Figure 1. Typical plot of temperature ratio vs. flpw factor
with speed factor as parameter,

Figure 2. Desired combined performance plot--compression ratio
vs. flow factor with speed factor as pa;E;eter and
adiabatic efficiency as contours.

Le2.2 Hositive Displacement Compressors?

Lhe242.1 | Positive displacement compressor performance informat

Lhe2.2.2 | The basic performance graph should consist of pressur
ordinate-plotted against "flow factor" as the abscissa with a speed

plotted on a coordinate system which consists of dire
quantities so that parameters may be expressed in the
form,

factor and adiabatic temperature efficiency as parame)
efficiency of the machine should not be contained in
plotted but should be defined in the nomenclature., T
defined in L.2.1.7 may also be applied to positive di

ion should be
ctly measured
ir most workable

e ratio as the

ters. Mechanical
the parameters

he nomenclature
splacement

—COMPTessSorss

Le202.3 A typical illustration of the recommended form for performance
presentation is given in the attached Figure 6.

Le3 Cabin Air Compressor Drivess

Lho3ol Mechanically Driven - Remotely Mounted:

Lhe3elol Power shafts for main engine driven cabin air compressor not
mounted directly on engine accessory pads should be provided with
full articulation within 5 degrees of the static shaft centerline,
Flexibility may be obtained from spherical spines or universal yoke
joints. (see ARP 259) Joint angle combinations should not cause
large shaft angular deflections that would shorten the life of
mating components.
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Le3els2

LI».B .1.3

Le3elul
Lhe3ele5

h.3 .1.6

Le3ele7

u030108

u0301.9

b’301010

h.3 .1.11

Le3s241

Le3e242

Le302.3

The design of the drive shaft and its fire wall penetration points
should be such as to permit simultaneous accommodation of the maximum
engine roll, pitch and yaw components without a mechanical interw
ference of any of the drive system components resulting therefrom.
Sufficient installation design and manufacturing accuracy should be
maintained to prevent loss of the clearances so established.

Drive shafts may require provisions for minimizing torsional vibration
and shock depending upon the drive method and driven unit design.

Drive lhafts should be provided with dirt and grease tight-‘covers.

Satisfactory provisions for lubrication should be made.. Lubri¢ation
should |[not be necessary at intervals of less than 1000Chours.

Drive ghafts should be free from critical vibratieh (resonance) periods
within|the range of 15 to 135% of rated speed..) Shafts should be as
short gs possible.

The poyer transmission shaft should remaim,within satisfactory|un-
balance limits at 135% of rated speed.

For all cabin air compressors a shearing section should be proyided in
the pozer transmigssion shaft or elsewhere in the drive mechanism
as cloge as possible to the prime mover,

Shearing section for the ¢abin air compressors drive shaft should be
designed to shear at a safe margin below the power transmissi¢n torque
allowgble to provide protection to the prime power source.

Fallune of the shearing section should not result in secondary damage
to any part of the supercharger, or drive mechanism.

A disqonnect-means should be provided operable in flight which will
completely<disconnect the drive shaft and cabin air compressor from
the quine.

L.3.2 Engine Mounted:

Cabin air compressor configuration should be such as to result in a
minimum overhang static moment on the engine mounting pads.

The mounting pads shall conform to AN or SAE six bolt generator mounting
standards.

Requirements of paragraphs lLe3.1.9 through L.3.1.12 are also applicable
for engine mounted compressors,

“N
~ 7

N
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Le3.2.L4 Duct connectors or ducting should not be rigid enough

to impose

objectionable loads on the compressor or engine pads during normal
engine operation or under conditions of maximum engine movemente.

Le3e3 Turbine Drive:

Le3.3¢1 The turbine portion of the unit should be designed to

the maximum bleed air tempe i

SOuUrce,

Le3e302| Turbine inlet throttling devices should fall safe tow
closed position,

Le3slh HRerformance Presentation ~ Turbine: Turbine performanc

ghould be plotted on a coordinate systemswhich consists
easured quantities so that parameters may be expressed
orkable form.

£ =

Lbe3eliel | Fixed Nozzle Area Turbine:

Le3.heldl The basic performance of. fixed nozzle power turbing
iently expressed in terms'of the following paramete

HP WN N Pl
9 L

S =
—?_ — —
F2 /T f 2 4T B

withstand
lable at the

ards or in the

e information
of directly
in their most

s can be conven-
rs:

Le3olield? The performance chart for fixed area nozzle turbines should

consist of-a single map with the above parameters p
coordinates as shown Fig. 3.

Lhe3ehel3 Operating limits such as maximum pressure, temperat

lotted onlog-log

ure, and speed,

and choked exducer limits should be indicated on the chart.

Ll03 o)-lo2 —Vﬁréra-b?ce—Neﬁz&e—krﬁea Turbines:

Le3sLe2.1 The basic performance of variable area nozzle power

turbines can

be conveniently expressed in terms of the following parameters:

HP WN N Py

8
5 e Ay
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Lke3ebe2.2 The performance of variable nozzle turbines should be presented
as a family of fixed nozzle turbine plots, each for a different nozzle
areas The number of charts used should be sufficient to cover
the entire range of nozzle areas with increments small enough to
permit accurate interpolation between charts. Typical illustra-
tions of the recommended form for performance presentation are
shown in Figures L and 5, indicating plots for 100% and 50%
maximum nozzle area, r espectively.

Lhe3.he2.3 Opefating limits such as maximum pressure, temperature, and|speed,
and | choked exducer limits should be indicated on the chart.

L.3.4.3 Nomen¢latures

P; =|Turbine inlet air total pressure, PSI absolute
P, =|Turbine exit air static pressure, PSI absolute
Ty =|Turbine inlet air total temperature, OR
T = |Turbine exit air total temperature, op
W = |Turbine airflow, 1b/sec.
N = |Turbine speed, RPM
HPg = |Turbine shaft horsepower
;7 = Efg = Turbine shaft horsepower. efficiency
HP
ad 283
P09 I 1 (P -1,L15Wo Ty| Y
550 2} p Y+1

778 ft—l?/b u

«2L3 btu/lb °F, specific heat of air
Opecific heat rdtio = 1.395 for air
«283 for air

X K=1

K1 .28
Y = /& £ -1 = |(R 23
2 Pa -1

- (B K1 | = |1- (sz .283
1% K P J

7 p=u \ -

N
e nn

= Turbine Nozzle Area, Sq; in,

=

n
5. CABIN PRESSURE REGULATING EQUIPMENT:

5.1 Cabin Pressure Regulators:

5.1.1 Normal operation of the cabin pressure regulating valve{s) should be
automatic, but an emergency means of controlling cabin pressure accessible
to flight personnel should be provided.

-
NS
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5.1.2

5.1.3

5.1.)4

5ele5

5eleb

5ele?

5.1.8

5.2 C
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The cabin pressure regulating outflow valves should have sufficient
capacity to pass the normal rated airflow at sea level at a pressure
differential not in excess of 0,20 in. Hg.

A cabin altitude selector should be provided that includes a selector
knob and indicating dial permitting selection of any cabin pressure
altitude within the range of -1000 ft. to + 10,000 feet. The absolute
cabin pressure altitude during isobaric operation shall be within

X 300 foet of that se on e di hen the airflow is within

Lt 7]0% of the system normal capacity. Within this telerance the
maximum rate of change of cabin altitude shall nof ex¢eed 50 ft/min,
When selecting cabin pressure altitude equivalent)to :irgort altitude
the cabin absolute pressure shall not vary by more than = 100 feet of
the corrected barometric airport pressure.

- ~Ya ne

A cabin pressure rate of change selector.should be providede. The
rate of change shall be selectable fram 1000 % 200 fe¢t per minute to
65 * 35 feet per minute.

Leakage through the outflow valves in the full closed|position should
be kept to a minimum.

Means should be provided to functionally check the maxjmum differential
and to fully close the valves on the ground without removing the
units from the airplane.,

The outflow valves'should be located in an area where|airplane
altitude or extexrnal configuration will not adversely|affect their
operation,

The cabin _pressure regulating system and components should be
designed/so that no single failure can cause loss of ¢abin pressure
to an.altitude in excess of 15,000 feet.,

bbin-Pressure Relief Valves:

5e2.1

5e2e2

Relief valve(s) should be provided which will prevent excessive
differential pressure across the cabin in event of failure of the cabin
pressure regulating valve(s). The relief valve setting should be
established at a value above the pressure regulator maximum
differential. Consideration should be given for the minus tolerance

of the relief valve and plus tolerance of the regulator to preclude

an overlapping of operation when establishing the relief valve

setting.

The relief valve should include a negative relief function to prevent
structural damage in event of a negative pressure differential,
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5e2ely

5¢245

5e246

5¢247

53 Instrumentation:
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The valve should be capable of passing sufficient airflow from outside

to inside the cabin during a maximum allowable rate of descent fram
maximum normal altitude to sea level to prevent the negative differential
from exceeding a safe value. All normal inflow air to the cabin is

to be shut off during this condition.

An emergency manual method of relieving cabin pressure should be provided.
This may be accomplished through the relief valvels), outflow valve(s)

or an auxiliary valve(s). This may be accomplished mechanically
electricqIIy or pneumatically.

Each reljef valve should have sufficient capacity to pass thé normal
rate air(flow without exceeding the limit of paragraph 5.2.1.

Leakage {hrough the relief valve below cracking pressure should be kept
to a minimum,

Relief valves should be located in an area where ‘airplane attitufe or
external (configuration will not adversely affect their operation}

5.3 .1
5e3e2
54343

536k

S.i Control and Sensing lines:

A cabin pressure rate of change indicafor should be provided.
A cabin gbsolute pressure indicator-should be provided.

A cabin pressure differential gauge should be provided. The maximum
normal cgbin differential should be identified on the gauge,

A visual |or audible warning should be provided when the cabin altitude
exceeds g safe value for passengers and crew.

Seliel

5elie2

SOh.B

Static sing ports should be located in area where airplane atfitude
or external ‘¢onfiguration will not adversely affect the true readings,
Duplicati i i i one

of the lines or ports,.

All lines should be routed in such a manner as to prevent water traps
and drainage toward valves where the freezing of condensation will
affect operation of the system. Drainage toward the static sensing
ports is desirable,

Line sizes should be carefully selected to prevent sluggish operation
of the system,

6. ENGINE BLEED AIR DUCTING SYSTEM:

6.1 Definition:

PN
~./

7N
N/

‘\
/\
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6+s1le1 The engine bleed air ducting are those ducts that carry high temperature
air from the compressor section of the main engines to the turbine of

642 Design Requirements:

the turbocompressor,

For aircraft using bleed air dire

ctly into the

cabin the bleed air ducting system will terminate at the inlet to
the refrigeration unit,

A flow limiting device should be provided in the

branch duct from each source to avoid the loss of excessive quantities

6e241

66242

6.2.3

6420k

6,245

6.246

6.2.7

g
H
1
¢

g

minimize pressure drop in “the system.

gn adverse affect on the pressurization system.

For engines that have provisions for limiting
a fllow limiting device in the ducting system is not - requi

ere multiple sources of bleed air are used,, the ducti
hould be manifolded and valved in such a manner that f
ressurization can be maintained at cruiselvaltitude in
uct rupture or failure of one or more of the bleed air

e detail design of the ducting, thermal expansion prd
oints, insulation and testing should be in accordance
crmittee's document on "Low Pressure High Temperature

cting" when published.

areful consideration should be given to duct design in
Duct sizes shoul

of engine bleed air in event of failure of the ducting system. The
fl
pogsible.

urce as
flow internally,
red.

ng system
ull cabin
event of a
sources (engine).

visions, supports,
with the
Pneumatic

order to
d be determined

y the minimum engine. pressures available and the minimum pressures

equired by the turbocompressors or r efrigeration unit
ressurization performance requirements.

ommon usage of-the bleed ducting by other systems shoy

dicators should be provided in the flight deck as regq

etect~abnormal condition in the ducting system or valves.

hould provide area identification as comprehensible ag

to meet the

1d not have

uired to
Indicators
possible.

S

hut 0I1 and check valves should be provided alt each bleed air
source if multiple air sources are used.

The ducting system downstream of the section where pressure and
temperature have been regulated to a lower value should be designed
to withstand the maximum pressures and temperatures available at
the source.

T« CABIN PRESSURE DUCTING:

Tel Definition:
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Te2

8.
8.1

Te2¢2 On installation where the cabin pressure ducts are located be&twedn

T.2.3 Pressure

REFERENCES:

- W -

1 All air ducts from the cabin air compressor to the point of entry into
the pressurized compartment. When engine bleed air is used directly
into the cabin these ducts are from the refrigeration unit discharge
to the point of entry into the pressurized compartment.

Design Requirements:

Te201 Ducts and duct couplings should not introduce objecticnable odors

into the [cabim.

1 and the engine, adequate provision should be iiade td

retain integrity of the firewall and to preclude the/spreading
of the fire to another fire zone through the cabin pressure ductg.
This may pe accomplished by one or more of the folléwing methods
depending on the particular systemdesign:

a) Fireproof ducts between the firewall and the air source,

b) Firewall shut off valves.

c) Fireproof ducting downstream of the . firewalle

op in the ducting system sheéuld be kept to a minimum,

7¢2.li Where multiple air sources are used the cabin pressure ducts shofld be

manifolded and valved in such a manner that full pressurization clan be
at cruise altitude in event of duct rupture or failurd of
any one of the air scurces,

74245 Check valyves should be provided at the pressure bulkhead to prevent

sudden decompression in’event of complete loss of the pressurization
air sourcge.

"Presentatipn of Centrifugalcompressor Performance in Terms of Non-
Demensionall Rela aft Company,
Santa Monica, California (Presented at Meeting of Av1ation Division,
A.S5.M.E., Los Angeles, California, June 5~9, 19LlL),
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