M 11/1 Namraza

Icing, QF T



Namraza - QF T

e Je druhom atmosferickych zrazok

e Patri k najnebezpecnejSim poveternostnym
javom

 Negativne vplyvy:
— Zhorsenie aerodynamickej jemnosti kridel a vrtuli
— Zvysenie hmotnosti, posun taziska
— Blokovanie kormidiel, antén, snimacov
— Zamrzanie karburatorov piestovych motorov
— Poskodenie lopatiek turbinovych motorov



QFT - rizika

— Pad po kridle — velka tiaz a nedostatok
vykonu

—Pad po hlave — strata vztlaku na VCHP
a prechod do strmeho klesania

— Strata ovladatelnosti pri namraze na
kormidlach

— Strata priestorovej orientacie pre chybneée
udaje tlakovych alebo radiotechnickych
pristrojov



QFT - rizika

— Poskodenie motora, vrtuli a trupu
ulomkami ladu

— Namraza je pricinou cca 12% nehod
spOsobenych poveternostnymi javmi (v
r.1990-2000 v USA 288)

— Uz namraza hrubky 2 mm zvysuje odpor
o cca 40% a znizuje vztlak o 30%






QFT — podmienky vzniku

— Meteorologicke

*Prechladene vodné kvapky

Rozdelenie velkosti castic —
koloidalna nestabilita

*Teplota a vihkost vzduchovej
hmoty, vodnost mrakov



QFT — podmienky vzniku

— Aerodynamickeé

*Teplota povrchu lietadla
*Rychlost letu

*Polomer zakrivenia nabeznych
hran



QFT - Mechanizmus tvorby

— Malé kvapocky mrznu okamzite po dopade na
povrch

— Velké kvapky sa najprv rozleju a potom mrznu

— Tvori sa rychlejsie na ostrejsich nabeznych
hranach

— Do rychlosti 500 km/h intenzita narasta, nad

500 km/h intenzita klesa — kineticky ohrev
AT=v4/2000 (m/s; K)



QFT - intenzita

—do 0,6 mm/min. - slaba
—0,6 — 1,0 mm/min. - mierna



QFT intenzita
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QFT delenie

e podla mechanizmu vzniku

— Inovat (TRACE) — vznika depoziciou,
najCastejSie na zemi, alebo pri rychlom vieteni
(klesani) do teplého vinkého vzduchu

— Zrnita namraza (RIME)- nepriehladny l'ad,
vznika okamzitym mrznutim malych
kvapoOcCiek, spravidla na nabeznych hranach,
prit=-10 az -20°C




Zrnita namraza na modele
vriulnikoveho rotora




QFT delenie

» Ladovka ( ) — priehladny lad, vznika
rozliatim a mrznutim velkych kvapiek, prit =0 az
-10°C

e Zlozena namraza ( ) — vznika
kombinaciu podmienok pre zrnitu namrazu
a ladovku napriklad pri prelietavani oblasti
s roznymi meteorologickymi podmienkami



Ladovka — priesvitny lad




QFT

e podla tvaru

— Profilova namraza — narasta na nabeznych
hranach smerom dopredu, neohrozuje
aerodynamicke kvality profilu

— Zliabkova namraza — narasta na hornej aj
dolnej Casti profilu tesne za nabeznou hranou

— Beztvara namraza
— Priesvitna namraza



QFT podla tvaru

FIGURE 3-1. CLEAR ICE
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FIGURE 3-2. CLEAR ICE BUILDUP WITH HORNS
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Zrnita namraza — zliabkova na
modele vrtulnikového rotora




QFT - vyskyt

* Vrstevnata oblacnost’ — tepla fronta

— Velke mnozstvo prechladenych kvapiek v
mrakoch typu Ns, As, zvlast v zimnych
mesiacoch

— Teplota medzi 0°C az —10°C

— Silna ladovka sa vyskytuje medzi 0°C
izotermami tepleho a studeného vzduchu

— Velky horizontalny rozsah oblasti s namrazou

— Spravidla zrnita a kombinovana (zrnita +
ladovka) namraza



QFT — teply front
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QFT - vyskyt

 Kopovita oblacnost’, studeny front

— Vertikalny rozsah medzi 0°C az — 20°C
Izotermou — radovo km

— Horizontalny rozsah podstatne mensi
— Intenzita moGze byt silna az velmi silna
— Spravidla zrnita a kombinovana namraza

— Namraza sa vyskytuje aj v oblasti
vypadavania zrazok



QFT — studeny front
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QFT - vyskyt

e Vel'ké vysky, tropopauza
— Zriedkava v mrakoch Ci, Cs a v kovadline Cb

— MOze sa tvorit a) mimo oblakov pri viietnuti
chladneho lietadla do vihkejse] vzduchovej
hmoty napr. pri prelete TF

— Spravidla inovat na celom povrchu, nabezné
hrany su pritom bez namrazy vdaka
Kinetickemu ohrevu

— V stratosfére sa prakticky nevyskytuje
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QFT - vyskyt

stratosphere

A
- 30,000 ft

troposphere

- 15,000 ft

L 0 ft

20 T (°C)

ice crystals
in the atmosphere

supercooled water
droplets can exist at
these temperatures

liquid water droplets
in the atmosphere




QFT vplyv na let

Effects of icing are cumulative
Lift decreases

Weight increases

Stalling speed increases

Figure 15-2. Effects of structural icing.




QFT — Casti lietadla

- Na povrchu cCasti lietadla so zapornou
teplotou, nabezne hrany, trup

- Vstupné ustrojenstvo

- Aerodynamicke kryty, lopatky kompresora

- Filtre, spatné ventily, sucasti palivoveho
systemu

- Antény, pitotove trubice



Protinamrazove vybavenie

 Predchadzanie namraze - antiicing
— Planovanie letu

— Indikatory namrazy
* Mechanicke
 Elektronickeé - izotopove

— Protinamrazové kvapaliny - na zemi pred vzletom
— Vyhrievanie kritickych Casti lietadla — Pitotstaticky
system, karburator, listy vrtuli, Celné skla
e Odstranovanie vzniknutej namrazy - deicing
— Mechanické — nafukovacie nabezné hrany
— Chemické — rozstrekovanie alebo ,potenie” kvapalin
— Tepelné — vyhrievanie kritickych Casti
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JEI - novy fenomén v oblasti tvorby namrazy v prudovych
motoroch

The Phenomenon of R
= - esearchers are exploring the theory that flight into certain kinds of storm

J et E n I n e I CI n clouds might cause ice to build up inside the core of an airplane's jet engine. Since
1988 there have been 153 engine power loss events* on a variety of airplane and
engine types attributed to engine icing. A power loss event is a surge, stall, rollback
or flameout of one or more engines. Events have occurred up to 41,000 feet and in
different regions of the world. The majority occurred in descent and cruise. A
multi-national research effort is now underway to identify exactly what causes
this phenomenon and how to prevent it.

* Events reported through January 2010, FAA.

The belief is that jet engine icing can occur during flights

into cold, high-altitude storm clouds holding massive

quantities of small ice crystals. These conditions are not

currently detectable on pilot radar. Ice crystals are drawn

into the engine inlet where some are ingested with air that

flows through the compressor and engine core; the rest & 3 (
are ejected with the air that bypasses the core. ice accumulation

As core flow is compressed, the air temperature rises and internal
engine components warm above the ambient temperatures. Some ice
crystals impact those components, forming a thin film of liquid water
that captures additional ice crystals. This accumulation reduces the
engine component temperatures so that ice can form.

At some point, ice breaks off from the components, which
causes the engine to surge, stall, flame out or experience
other malfunctions.

Graphic: NASA

https://voutu.be/hrCBac3gnPc



https://youtu.be/hrCBqc3gnPc

Model pre namrazove testy
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http://icebox.grc.nasa.gov/
http://www.aopa.org/asf/publications/sa11.pdf
https://youtu.be/GQSxjHt_NOU
https://youtu.be/eb2lI9uA9So

