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AIRCRAFT HUMIDIFICATION 

1. ïNTRODTX=TION: The purpose of t h i s  Aerospace Information Report ( A I R )  is t o  
provide guidelines f o r  the design of a i r c r a f t  humidification systems. 
Physiological e f f e c t s  of humidity leve ls  on crew and passengers a re  
reviewed. 
evaluated. 
humidification systems are also described. 

Various techniques used f o r  cabin humidification a re  discussed and 
Various poten t ia l  problems and penal t ies  associated with 

1.1 Nomenclature: This l i s t  contains symbols used i n  equations, char t s  and 
descriptions i n  t h i s  AIR. 

= spec i f ic  heat of dry a i r  a t  constant pressure, Btu/lb-OF (J/kg.OC) 

= spec i f ic  heat  of water vapor a t  constant pressure, Btu/lb-'F 
(J/kg "CI 

= water added t o  increase humidity, lb/min (kg/min) 

= l a t e n t  heat of vaporization a t  i+, Btu/lb (J/kg) 

= average moisture generated per passenger lb/min (kg/min) 

.= average moisture generated per c r e w  member ,  lb/min (kg/min) 

= number of passengers 

= number of crew m e m b e r s  

= cabin pressure, ps ia  (kPa absolute) 

= saturated vapor pressure of water a t  the  dry bulb temperature, p s i a  
(kPa absolute) 

= r e ì a t i v e  humidity, % 

SAE Technical Board rules provide that: "All technical reports, inciudingstandards approved and practices recom- 
mended, are advisory only. Their use by anyone engaged in industry or trade or their use by governmental agencies 
is entirely voluntary. There is no agreement to adhere to any SAE standard or recommended practice, and no com- 
mitment to conform to or be guided by any technical report. In formulating and approving technical reports, the 
Board and its Committees wilt not investigate or consider patents which may apply to the subject matter. Prospec- 
tive users of the report are responsible for protecting themselves againsf liability for infringement of patents." 

Copy ght 1982 Society of Automotive Engineers. lnc. 
All rtgnts ieserved 

- - -  

Printed in U.S.A. 

COPYRIGHT SAE International (Society of Automotive Engineers, Inc)
Licensed by Information Handling Services

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r16

09

https://saenorm.com/api/?name=630df9d0d2ae5c15c3a00aeb2274f460
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td = dry bulb temperature, OF (OC) 

t W = w e t  bulb temperature, OF ("Cl 

V = vapor recovery - percent of moisture generated i n  the cabin which 
enters  the cabin atmosphere 

Wa 

I W r  

= f resh  a i r  flow rate i n t o  the cabin, lb/min 

= recirculated air ,  lb/min (kg/rnin) 

X r a t i o  of moisture i n  recirculated a i r  t o  mo 

kg/min) 

s ture  i n  cabin a i r  

a 

C spec i f ic  humidity, cabin, lb / lb  (kg/kg) of dry a i r  

= spec i f ic  humidity, ambient, lb / lb  (kg/kg) of dry a i r  

S = water vapor a t  saturat ion a t  dry bulb temperature and a t  t he  cabin 
pressure, lb / lb  (kg/kg) of dry air 

Subscripts 

s t d  =s tandard  conditions: 14.7 ps ia  (101.4 kPa), 59OF (15OC) 

1.2 Units: A l l  equations i n  t h i s  AIR,  with the exception of equations (5)  and 
(5a) ,  may be used with conventional ( U S )  un i t s  o r  SI un i t s  i f  consistency i s  
maintained. Equations (5)  and (5a)  must use temperature i n  OF and OC, 
respectively. 

2. SCOPE: This report covers the design parameters f o r  various methods of 
humidification applicable t o  a i r c r a f t ,  the  physiological aspects of low 

penal t ies  associated with humidification, and the problems which must be 
solved f o r  prac t ica l  a i r c r a f t  humidification systems. The design information 
i s  applicable t o  commercial and mil i tary a i r c r a f t . .  The physiological aspects 
cover a l l  a i r c r a f t  environmental control applications. 

' h m i d i t i e s ,  t he  possible benefi ts  of controll ing cabin humidity, t he  

3.  GENERAL BACKGROUND: world wide var ia t ions i n  re la t ive  humidity range Prom as 
l i t t l e  as 6% i n  desert  areas t o  100% when r a in  i s  f a l l i n g  o r  the  temperature 
is equal t o  o r  j u s t  below the dew point. 
content shows an equally wide variation, being l e s s  than 15 grains of water 
pez pound of dry a i r  ( 2  g/kg) i n  cold winter climate t o  a s  high as 200 grains 
per pound (29 g/kg) during summer months i n  t rop ica l  areas. 

The majority of people who are a i r l i n e  passengers ' l ive i n  areas where the 
relative humidity i s  between 30% t o  60% most of the  t i m e .  
combination of high kemperature and humidity causes almost immediate 
discanfort. 
considerably longer t o  be noticeable. 

The absolute humidity o r  w a t e r  

Esrposure t o  a 

The e f f ec t  of exposure t o  very low levels of humidity takes 
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4. PHYSIOw3GICAL EFFECTS O F  Ix)W HUMIDITY: The temperature and water balance of 
the  body is  c r i t i c a l l y  affected by ambient temperature and humidity. The 
insp i red  a i r  i s  brought t o  body temperature and a saturated l eve l  p r io r  t o  
reaching t h e  lungs by extract ing heat and w a t e r  from the  mucosa l i n i n g  t h e  
upper resp i ra tory  tract. This process cools and dries the  surface mucosa. 
During expirat ion both hea t  and water a re  recovered from the  alveolar  air 
(37OC and 100% RH) as it contacts  tñe  colder mucosa of t he  nasopharynx. Th i s  
n e t  t r ans fe r  of heat  and moisture i s  dependent on ambient humidity and 
tenqerature. 

4.1 CoinFort: The physiological e f f e c t s  of low humidity a re  unclear. There are 
numerous reported instances of a i r l i n e  passengers and crew complaining of 
dry noses and throa ts ,  and i igrit tyi '  eyes. The sensation of dryness of t he  
nose i s  a t t r i b u t e d  t o  drying out  of t h e  mucosa. 
discanfort  r e l a t ed  t o  low humidity i s  d i f f i c u l t  t o  evaluate (Reference 1). 
Sonie invest igat ions,  under carefu l ly  control led conditions, have concluded 
t h a t  there  i s  no physiological need f o r  humidification of a i r  (References 

Most of t he  evidence of 

2, 3) .  
- 

It should be noted t h a t  i n  cold climates, t h e  r e l a t i v e  humidity ins ide  
buildings can be qu i t e  low. For example, i f  the  outside a i r  is saturated a t  
20°F (-6.7OC), t h e  RH a t  75OF (23.9OC) is only 11%. Many people a re  exposed 
t o  such humidity levels f o r  long durations, apparently without s ign i f i can t  
adverse e f f e c t s  o r  discomfort. However, some asthmatics may have discomfort. 
when humidity i s  less than 30% o r  more than 60%. 

4.2 Performance: N o  adverse e f f e c t  of low humidity on performance has been 
established. USAF School of Aerospace Medicine experiments showed t h a t  
environments of 0.5 nun Hg (66.5 Pa) vapor pressure and/or simulated 8 0 0 0  f t  
(2.44 km)  barometric pressure (a moisture content of about 4 gr / lb  (0.6 
g /kg) )  had no adverse e f f e c t s  on performance during four 36-hour chamber 
exposures (Reference 4) .  DOT-FAA invest igat ions have been conducted t o  
evaluate any performance e f f e c t s  of low humidity. These studies concluded 
that the in fomat ion  presented with regard t o  humidity e f f ec t s  did not  show 
that low humidity had safe ty  implications (Reference 5 ) .  

4.3 Respiratory I f iec t ions :  Many medical. p rac t i t ioners  believe t h a t  low winter 
h m i d i t i e s  predispose towards infec t ion  and have recommended humidification 
f o r  those who s u f f e r  respiratory troubles.  The dispersal  of bacteria is 
affected by humidity, i n  t h a t  bac te r ia  a re  car r ied  on small dust  p a r t i c l e s  
(Reference 6). Increasing r e l a t i v e  humidity encourages the  p a r t i c l e s  t o  
agglanerate which w i l l  increase t h e  r a t e  a t  which they settle out  of t h e  
atmosphere. Humidification systems may, therefore ,  be desirable  i n  mi l i ta ry  
airplanes used as mobile hospi ta ls .  

Some epidemiological invest igat ions have been made which point  t o  low 
atmospheric humidities a s  a f ac to r  i n  increasing the  incidence of 
infection. Although these invest igat ions support each other,  none can 
r e a l l y  be considered conclusive (Reference i). 

COPYRIGHT SAE International (Society of Automotive Engineers, Inc)
Licensed by Information Handling Services

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r16

09

https://saenorm.com/api/?name=630df9d0d2ae5c15c3a00aeb2274f460


' SAE A I R * L b O î  82  W 83573Llû 0005401i  5 m' 
~ 

AIR 1609 
I 

I 
4.4 Effective Temperature: The Effective Temperature (ET*) i s  an index which 

combines i n t o  a s ing le  value the  e f fec ts  of dry-bulb temperature, r e l a t ive  
humidity and a i r  velocity on the sensation of comfort (Reference 3) .  It i s  
similar t o  the older  Effective Temperature (ET) used e a r l i e r  by ASHRAE, but 
it i s  based upon more current t e s t s  on e f f ec t s  of environment on human 
comfort. 
decreased, dry bulb temperature must be increased t o  achieve the  same 
sensation of warmth. The index indicates t h a t  a t  75'F t o  80°F ( 2 4 O C  t o  27OC 
range, a s h i f t  of re la t ive  humidity from 50% t o  1 0 %  requires about 2OF (1°C) 
increase i n  dry bulb temperature t o  achieve the same comfort. 

' 

As would be expected, the index shows t h a t  a s  humidity is  

4.5 Exposure Time: Any ef fec ts  of low humidity a re  not immediate. The 
incidence of passenger complaints 'tends t o  be associated with f l i g h t s  of 3-4 
hours o r  longer, increasing with f l i g h t  t i m e .  

For mil i tary applications,  crew discomfort i s  more prevalent due t o  t h e i r  
more frequent and longer duration exposure t o  low humidity conditions. 
Military crews on f l i g h t s  las t ing  up t o  approximately 24 hours have 
experienced discomfort and weight loss due t o  low humidities. 

5. HUMIDITY LEVELS I N  PRESSURIZED AIRCRAFT: The normal cabin and f l i g h t  s ta t ion  
humidity is a function of the  ambient humidity, vent i la t ion r a t e  per 
occupant, misture generated i n  the cabin and the temperature of the cabin or  
f l i g h t  s ta t ion.  

The specifi'c humidity of a i r  i n  the cabin can be calculated using the general 
equation (i) given below. The vapor recovery factor  (V) i n  equation (i) is 
the percent of occupant moisture generated i n  the  cabin t h a t  contributes t o  
the r e l a t ive  humidity. 
before it can diffuse i n t o  the cabin atmosphere. 
data on the value of the recovery fac tor ,  the value used i s  one. The 
recirculat ion fac tor  is  included t o  cover systems where recirculated a i r  may 
be t reated by passing through charcoal or  other chemical f i l t e r s  which may 
remove some of the moisture. 

Some of the expired moisture nay be l o s t  overboard 
In  t he  absence of available 

Where a i r  recirculat ion is  not used o r  where a i r  recirculat ion is  used 
without misture removal, the denominator i n  equation (i) becomes simply Wa. 

The r a t e  of moisture generation by passengers and crew members depends upon 
the  cabin temperature, and can be determined from Figure 1. The moisture 
g e n e r a t e d h  galleys has not been included since it is  generated in te r -  
mittently and usually is vented overboard. 

Wa o, + VCn m + ncmc3 P P  

1 

7 

a 

a 

O 
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5.1 Measurement of Cabin Humidity: Cabin spec i f ic  and r e l a t i v e  humidities can 
be measured using w e t  and dry bulb themometers o r  dew point  measuring 
devices 

5.1.1 W e t  Bulb and D r y  Bulb Temperatures: 
simplest way t o  determine humidities and i f  done careful ly ,  w i l l  y ie ld  
sa t i s fac tory  resu l t s .  . 

The w e t  bulb measurement i s  c r i t i c a l  and can only be obtained accurately 
when a i r  i s  drawn over the  temperature sensor a t  a high velocity.  
reading then approaches the  temperature of adiabat ic  saturation. 

The use of these measurements is the  

The 

The w e t  bulb temperature m y  be measured using a s l i n g  psychrometer o r  
special ly  designed instruments which draw the  a i r  sample over dry and w e t  
tenperature sensors 

The e r r o r  i n  w e t  bulb depression f o r  d i f f e ren t  a i r  .veloci t ies  i s  
approximately a s  follows: 

O O 
500 2.54 

1 0  O 0  5.08 
200 o 10 a16 
4000 20.32 
5000 25.40 

ERROR I N  WET BULB 
DEPRESSION - PERCENT 

-15 
-4.5 . 
-2.7 
-1.5 
-0 -8  
-NIL 

The Carrier equation can be used t o  ca lcu la te  spec i f ic  humidity given w e t  
bulb and dry bulb temperatures (Reference 8) .  
equation ( 2 ) .  

It is shown below a s  

c C t  - t  3 pa à w -  

h + C C t , -  t,I 
fg PS 

Relative humidity can be calculated by: 

x 100 
' p, R =  

pv (0.622 + Oc) . ( 3 )  

The saturated w a t e r  content a t  cabin (or  any) pressure can be calculated 
by : 

1 
0.622 . Pv 

pc - pv 

I 
(4 )  
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The spec i f ic  heat of water vapor is: 

Cps = 0.4423 4- 0.00018 t d  where t d  is  O F  (5) 

i 5a) cps = 0.4481 + 0.00032 t d  where t d  i s  O C  

The u n i t s  o f . spec i f i c  heat are Btu/lb-'F o r  cal/g°C f o r  both equations. 
To convert spec i f ic  heat t o  SI u n i t s  (joules/kg."C) multiply the value 
obtained i n  (5)  or  (5a) by 4.184. 

The dew point can be measured d i rec t ly  using electronic  instruments o r  
careful ly  observing the temperature a t  which moisture condenses on a 
ch i l led  surface. The humidity,ratio (us) a t  the  measured dew point a t  
cabin pressure m y  be obtained from standard moisture tab les  and corrected 
€or absolute pressure by: 

- Ystd .: pc - 
'std 

6. HUMIDITY I N  AIRCRAFT AT HIGH ALTITZIDE: Humidification may be desirable i n  
a i r c r a f t  which cruise  f o r  long periods a t  high a l t i tude .  
reasonable t o  set up a supply of water so engineered a s  t o  r e s u l t  i n  a cabin 

. r e l a t ive  humidity most frequently within the  range of 30% t o  60%, preferably 
a t  the low end so a s  t o  minimize the water required. In practice,  however, 
t h i s  l eve l  of humidity has been found too  great  due t o  the  condensation which 
occurs. Inevitably a t  high a l t i t ude  the a i r c r a f t  s t ructure  of subsonic 
a i r c r a f t  becomes so cold t h a t  the  loca l  temperature even inside the thermal 
insulat ion is  inconveniently low. Thus, the water i n  the cabin a i r  
"migrates" t o  these cold areas and condenses. 
around 35%, condensation can occur on smooth surfaces of the cabin furnishing 
which are  c lose t o  major s t ruc tu ra l  members. 

It might be thought 

When the  r e l a t ive  humidity i s  

Drainage of t h i s  condensed moisture leads t o  i t s  col lect ion i n  the bottom of 
t h e  fuselage between the insulat ion o r  cargo f loo r  and the skin.  
temperatures a re  so  low i n  t h i s  region, the  water droplets freeze and the i ce  
thus collected may not m e l t  during turnaround between f l i g h t s  and so t he  
water 'drains cannot function. 
.ice 'accumulations to t a l l i ng  several  inches thick a r i se .  This excess and 
unaccounted weight could cause operating problems. 

Since the  

Further f l i g h t s  lead t o  more condensate and 
' 

It has been observed t h a t  i n  a typ ica l  transport  the  onset of condensation Qn 
the windscreen p i l l a r s  coincides with a r e l a t ive  humidity of about 30% and 
t h a t  taking t h i s  a s  a maximum and switching. off humidifiers when it occurs 
helps t o  avoid an excess of condensate drainage. 
f igure i s  advisable as use of the  humidifier a t  lower a l t i t u ä e s  where ambient 
moisture content may be greater can r e s u l t  i n  exceeding 30% re l a t ive  humidity. 

Taking a margin on t h i s  

1 
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Based on the above considerations, a practical design objective for a 
humidification system is to maintain 20% relative humidity with a full 
passenger load. Consideration should also be given to operating the humidi- 
fication system only towards the end of the cruise flight regime. 
reduces the amount of water usage, and the amount of any condensed moisture, 
while at the same time providing some relief from any possible physiological 
effects of low humidity. . 

This 

6.1 Water Requirements: The amount of water which must be added to the cabin to 
maintain a given water content in the air depends on the fresh air 
ventilation rate, the moisture produced by passengers and crew, the water 
content of the ambient air and the desired relative humidity. 

For a given relative humidity, the specific cabin humidity may be calculated 
by rewriting equation (3): 

0.622 P v *  R 
w =  

C 100 Po - R' Pv 
(7) 

nie water which must be addedto maintain a given specific humidity is: 

Figure 2 illustrates the effect of fresh air ventilation rate on water 
requirements for humidification. The ventilation rate is the total fresh 
air supplied to the cabin divided by the actual number of passengers 
aboard. Thus, at l o w  load factors, passenger ventilation rate becomes quite. 
high unless inflow can be reduced. 
passenger load of 400 persons, the water required to maintain 20% relative 
humidity would be 40 lb/hr or 180 kg over a 10-hour flight. 

For one wide bodied aircraft with a 

6.2 Methods of Humidification: A number of different techniques have been 
developed and used to humidify aircraft. 

6.2.1 Spray Atomization: One of the simplest methods of humidification for 
aircraft is by means of a spray device in which a jet of water is broken 
up into small droplets by a high velocity stream of air. The many small 
droplets provide'a large surface area of water; thus, evaporation can take 
place provided that the air conditioning supply is not too cold. - 

The spray type humidifier consists of a water nozzle with an air'nozzle 
arranged such that the axes of flow of the two fluids. are at 90° to each 
other. With water supplied at 12 psig (83 kPa) and air at a'similar or 
greater pressure, a fine spray of dropl.ets is formed. 
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Two u n i t s  are used, one located i n  one of t he  main d i s t r ibu t ion  feeds t o  
the passenger cabin and t.he other  i n  a similar posi t ion j u s t  upstream of 
t h e  tapping t o  t h e  f l i g h t  deck. 
such t h a t  a l l  areas  are adequately supplied with humidified a i r ,  then a 
larger  water o r i f i c e  can be used with advantage. 

I f  it is  possible t o  loca te  a s ing le  u n i t  

The supplies of water and a i r  a r e  controlled by simple solenoid valves 
switched from the  f l i g h t  deck. 

6.2e.2 Mechanical Aerosol Generators: The aerosol generator i s  used i n  a number 
of a i r c r a f t  humidification applications. In t h i s  system a high speed 
e l e c t r i c a l  motor dr ives  a d isc  which induces a flow of water over t he  
disc.  
droplets* 
airf low toward the  f ixed vanes and evacuate the  aerosol m i s t  i n t o  the 
a i r c r a f t  ambient a i r  o r  d i s t r ibu t ion  ducting. 

The high veloci ty  causes the  water t o  break up i n t o  very f i n e  
The same d isc  has vent i la t ion  blades which generate a moderate 

6.2.3 Vapor Injection: Water vapor may be in jec ted  i n t o  t h e  a i r  d i s t r ibu t ion  
system t o  eliminate problems of non-vaporization which occur with l iqu id  
water inject ion.  There is  no buildup of contaminates i n  ducts o r  i n  the  
cabin.  However, a vapor generator requires s ign i f icant  amounts of power 
t o  vaporize the water. 
of contaminates which w i l l  be deposited on the  vaporizing surfaces. 

I n  addition, the  generator must handle t h e  buildup 

6.2.3.1 Electric Heaters: Heaters w i l l  require about 18 kilowatts f o r  each 
lb/min (27.2 kg/hr) of water vaporized. Heaters must be per iodical ly  
cleaned. A contaminate buildup insu la tes  t he  heaters  leading t o  higher 

. heating element temperatures and ea r ly  fa i lure .  

60203.2 Bleed A i r :  Engine bleed a i r  which i s  usually avai lable  a t  250' t o  400'F 
' (120' t o  2 O O O C )  has been used t o  supply t h e  heat  of vaporization. 
Although the contamination buildup i s  t h e  same, mixing the  water and 
bleed a i r  i n  an evaporator with a la rge  surface area f o r  contaminate 
buildup can provide reasonable maintenance in te rva ls .  

I n  t h i s  system, water and bleed a i r  are in j ec t ed ' i n to  a canis te r  
containing a la rge  number of horizontal plates .  
c i rcu la tes  over t h e  p l a t e s  where t h e  water i s  vaporized. 
i s  controlled t o  maintain a constant discharge temperature of 150'F 
(65OC) a t  t he  e x i t  of t he  canis ter .  Bleed a i r  flow i s  regulated as a 
function of the bleed a i r  temperature. 
constant amount of thermal energy and t h e  w a t e r  required t o  cool the 
mixture t o  a f ixed temperature i s  s imilar ly  constant. 
mixing bleed a i r  with water:can be considered adiabat ic  i f  t he  canis te r  
i s  we91 insulated and can be analyzed on the  basis  of t he  a i r  and water 
enthalpies 

The air-water mixture 
The water flow 

This provides a r e l a t ive ly  
' 

The process of 

Water must not be ' in jec ted  d i r ec t ly  i n t o  high pressure bleed ducts 
unless it: has been demineralized o r  d i s t i l l e d  and a l l  dissolved so l id s  
removed 
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6.2.4 Humidity Controls: 
cycle the  moisture input although such controls  tend t o  be complex and 

Humidity sensors are avai lable  which can modulate or  

expensive. 
hianidity within t h e  comfort band over a w i d e  range of passenger loads. 

Simple mnual  on-off controls  are adequate t o  maintain cabin 

6.3 Humidification Problems: "he major problems i n  a i r c r a f t  humidification are 
contaminate buildup, inccmplete vaporization of t h e  w a t e r ,  recondensation i n  
ducts, condensation i n  insulat ion b a t t s ,  and corrosion. 

6.3 . 1 Contaminate Buildup : 
Carbonates and o ther  dissolved so l id s  contained i n  the potable water build 

Potable water is  normall& used f o r  humidification. 

up wherever evaporation takes  place. 

Where atomized w a t e r  i s  sprayed i n t o  ducts, residual contaminates, largely 
calcium carbonate, occur on t h e  in t e rna l  surfaces of ducts. They spread 
through the system and a f t e r  some years of a i r c r a f t  operation begin t o  
appear at air  o u t l e t s  as a f i n e  dust. A l l  items within ducts exposed t o  
the humidifier spray are affected.  Valves eventually se i ze  and i t e m s  such 
as temperature sensors gradually suf fer  an increase i n  t i m e  constant which 
eventually leads t o  malfunction of the  temperature control system. 
Reqular removal and cleaning i s  necessary, The deposits can be removed by 
dissolving i n  ace t i c  acid, which must f i r s t  be shown t o  be compatible with 
the  material of t he  components affected.  

Where avionics are cooled using cabin a i r ,  these s a l t s  can create a 
corrosion problem i f  they become trapped i n  the  avionics boxes and 
subsequently hydrolize. ARP 987 discusses control of humidity i n  avionics 
cooling i n  more de ta i l .  (Reference 9) 

6.3.2 Vaporization and Condensation: Where cold vapor o r  atomized water sys t em 
are used, inadequate heat  t o  vaporize the  water permits w a t e r  t o  co l l ec t  
i n  ducts  and eventually leak out  o r  spur t  out through the out le t s .  

Water condensation i n  insulat ion b a t t s  with increased humidity leve ls  can 
be-a  problem unless the batts are designed t o  be s e l f  draining and the  
material i s  non-wicking. 

Unless proper insulat ion is provided, condensation and freezing on cold 
surfaces can add uncontrolled weight t o  the  a i r c r a f t ,  
control  of condensation on s t ructure .  (Reference 10) 

A I R  1204 discusses 

6.3.3 Corrosion: Corrosion can arise with water providing a medium for  
e l e c t r o l y t i c  action. 
contaminates are contained or otherwise eliminated. 

The problems of corrosion can be minimized i f  t he  

7. PENALTIES O F  HüMIDIFICATION: 
a i r c r a f t  inposes s igni f icant  pena l t ies  t o  the  operator which must be balanced 
against  t he  benef i t s  of increased cabin humidity. 

The addition of a humidification system t o  an 

.- .. -- . 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r16

09

https://saenorm.com/api/?name=630df9d0d2ae5c15c3a00aeb2274f460


/ S A E  AIR*Lb07 8 2  83573L10 0005Li07 b II 
~- 

AIR 1609 

The main penalties are: 

Weight. The system is characterized by a high weight in relation to its 
complexity and operational necessity, mainly because of the weight of 
water which has to be carried. This represents a continuous fuel penalty. 

Maintenance. .The maintenance burden of the system might be considered 
disproportionately high relative to its operational function. In addition 
to the condition monitoring of the system components, regular servicing is 
necessary to prevent buildup of contaminates. Also,  the.tota1 extent of 
vulnerable areas which would have to be inspected, e.g., ducting, other 
systems and structure may not be determined until the aircraft has been in 
service some time. 

Operation. 
considered and must not create a health hazard or seriously affect 
ancillary systems such as cabin temperature control and potable water 
supply. Some degree of automatic control of cabin humidity would probably 
be necessary if only to be consistent.with other aircraft systems (it 
might be inappropriate to rely on crew to monitor operation by observation 
of condensation and to activate controls accordingly on todays' 
sophisticated aircraft). 
would be considered technically a simple system. 

The failure modes of a humidification system must be 

Such external factors tend to complicate what 

8 e WATER TREATMENT: 

8.1 Health Requirements: Water used for humidification must meet all 
requirements for potable water. Waste water of any type cannot be used for 
humidification unless it is cleaned and sterilized. 

8 . 2  Dissolved Solids: A great many of the chemical impurities in water are in 
the £ o m  of dissolved mineral salts. Demineralization can be accomplished 
by passing the water through synthetic resins which exchange H+ (cation) and 
OH-. (anion) ions for ionized impurities. This technique can produce water 
with a resistance of 50,000 ohms to 10 megohms. Demineralized Vater of this 
quality is used to cool klystrons, magnetrons, and.traveling wave tubes in 
the electronic industry. 

Table I shows the variation in total dissolved solids in some typical cities 
in the United States and London. 

COPYRIGHT SAE International (Society of Automotive Engineers, Inc)
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TABLE I TOTAL DISSOLVED SOLIDS (TDS) AND CARBONATE HARDNESS I N  
WATER (Ca CO3) - VARIOUS SOURCES 

Location TDS (PPM) . Ca CO3 (PPM) 

New York City - Catsk i l l  Supply 31 12 
Middleburg, Florida 66 11 
Niagara Falls, N.Y. 165 95 
Missouri River (Ave) 426 16 5 
Iiondon ( H e a t h r o w )  4 40 
Dayton, Ohio 432 287 
Saugus, California 820 465 

It i s  apparent t h a t  t he  amount of contaminate buildup is dependent prim 
on the  qua l i ty  of the w a t e r  used. 

Demineralizing the  w a t e r  used i n  humidification would f o r  t he  most pa r t  
solve problems of contaminate buildup; however, the cost of this .  type o 
treatment' is very high and some res idua l  non-ionizable materials would 
deposited. A 3 3/8 in .  (8.5 c m )  diameter demineralization car t r idge  ab 
17 in.  (43 an) long weighing 4 1 / 2  lbs (2 kg) has a capacity of 1050 g r  
(68 g) (CA Cog). If  t yp ica l  London-Heathrow w a t e r  w e r e  t o  be used . 

(Table I) having 400-450 p p  t o t a l  dissolved so l ids  (TDS) an ion exchan 
car t r idge  would process about 45 gallons (170 ,& ) of w a t e r .  
represent about nine hours of operation. 

This would 

Dissolved foreign mtter can be eliminated by suppyling demineralized w 
with a separate  tank ins ta l la t ion .  
servicing problems involved, it m y  w e l l  be a cos t  e f fec t ive  a l t e rna t iv  

In s p i t e  of the  extra  weight and 
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