
NAVI .960822.016 

F i n d  bport of 8ureat.z of hliCinO .nd 
Surgery 3esearch ProJect X-606 (Sub 133) 

nPrelIninary Study of the FLfrct of 
schnorchellfrg on Submarine Pbrsomalrm 

15 January 1947 



* The q u i p e n d  known as %chnorchel" consiata of a rigid 
8 t r ~ n e d  homing about 30 feet long, eontr im tm con- 
dufta, one about ll lnchea in dimator asrring 88 the in- 
take, erd hn~mdistely behfnd this, the second tube serving 
M tb axheuSt, The sehnorchtl h s  a hinge joint h a m  i t  
la attached t o  tb eubrrarhe and may be raised hydrsulkallp 
t o  ~n upright position when in u8c- 
head of the intake tube i a  covemd l r i t h  an antbradarmaterial 
and contains P hthmcrd, float-apsratad d v e  whhh clcaes 
the air intake when the water b v o l  reaches thb hoed. The 
air prses dam thin tube through m interaedirte quiok- 
closing valve into the min air Muction shaft. Thence it 
is conduct& to th, d i e s e l  oomprtaemt er to the other colb- 
partments In  the  pressure hull .  Ths mhrnrst  tube paaasa 
from the diem1  engine^, through thb schnarehd achwst 
shut-off valve, up t o  ths exhaust tube o f  the echnorchd, and 

The mushroundhapad 

dibC)nrg00 g a O o S  through tin urde-bw Orif&COm 
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These oparatlbna ysre in the mture of a Veelsrn, 
Attrr exunUng the ir  rcHUltr, i t  wmm felt that the o n 4  
m y  rmlirble information could be obtainad 8-8 to prssuure 
ohanme whilo rrohnomhdllng urd the dftoafo theroof on 
pamom1 
perid of about two weeke. 
the poor habitability of the German sulrrnarhbs and the fact 
that choy WOW worn out nh~n ceptwsd, i t  waa rrot  possible 
to coxxhct such cantfnuous operations for wen this prriod 
of time, 

by dri ly  schnorche.llhg operation8 for a 
b it tumed out, 5.n viaw o f  

A G o m u a  subarrrine, the U-$73, and Ul escort vm8d 

7bia rdport preasnta the procedures 
were placed at our disposal about 1 February for two wwke 
of achnomhel tests,  
used, results obtsined, a d  the conclusions which rnay be 
d r m n  rrcxp that operating period with t h i s  particular vas~el .  



It i s  obvious that  a Frat maqy factore combhe to 
determSns the exact pattsrn of pressure changea vrbich lrill 
be encountered a t  any one the, The volums of air  in the 
SUbMrh6, desipn of the schnarchel, and a h  derPand of Eha 
snghes a t  am given sped are corntarkt fW 8 particular 
8ubmarins. However, the 8psd  of the 8 u ~ 0 ,  w w o  pattern, 
W f n d  velocity and direction, skffl of the p a r a m a 1  at depth 
control, and th dosirad he i@t  abovr water o f  the rchmrchel 
head will a l l  vary fram t5.m t o  time. 
would not expect the pressure C h a n g s S  or W6I.tnb of opening 
and closing of t h n  a~hrvrrchsl head valva t o  be uuctly the 
w e  cm any tuo tspbs ai rubrinre  or on u p  two operaticme 
d t h e  same ve8sel. It rhould bo noted that the U-873 
was equipped with 4-cycle MAN engines , badly in need of 
overhaul or replacmart. It ia mtidpted that soclwrw)u)t 
different results would be obtained in a mabnwine equippd 
rfth 2-cycle cneinca. 'Pheaa, hxsepovrsr be* q u a l ,  all 
consume air  a t  a ccmidsrabLy more rapid rate, and, as d c  
si-ed a t  preaent, will not operata againat as 5-t on 
exhaust back pressure a8 will 4-cycle @nglnarr. 

This study concerned Itarlf with observations on the 
m e i t u d e ,  duration and f roqumcy of prer8urs chulgas, the 
phyaiolo@cal effects thereof, the atmbspheric aonditions i n  
the sutnsrins, and the abil i ty  of schnorchel operatima t o  
renew the  air  in the boat, The prossum data arrd ear, nose 
and throat observations were the reeponslbijity of the U S .  
k v a l  f'edierl R8smrch Iaboretory, U. 3. Naval subwrine 
Base, New London, OM., while the information on at~os-  
pherIc conditions in the submarine pnd the a b U t y  of the 
schnorchel t o  renew air were determined ths Naval. 1hdica.l 
Research Institute, National Naval Fedical C e n t  tar, Ret.htvtda, ?'d 

C o m y ~ ~ u ~ t l y ,  one 

Operations were carried out In the N o w  LondDn area. 
It had h e n  hopod t h a t  representative sea conditions m43d 
be encountered in order to atudy performance of the 8Chnorch81 
under a variety of condit ions. Howcvcr, OO(L comiitiorw were 
dfsappintingly canatant; force 1 and occaafanally force 2 
8-e prevailed throughout the period, w i t h  no real opprturrity 
to study behavior under varp- conditions. Becauis of the 
preoencs of fog, operational and rPsintenanca dl f f iw l t io s ,  
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Fift- ix omw aa@rrs were aboard th rubr ine  on 
each run and provided the data on tta af tacts  or schnorehal 
operations on pemonnol. A l l  men ware apribnosd 6th- 
marirwris and were moat cooperative throughout the experiment. 
They were well. motivated and had the U t 4 ~ 0 8 t  confidence I n  
their coamndin8 officer, Lt. Cam&* FrcIwIcI1Ich, USNA. 

Tho a r s  of all suhjsota were d br 01). of tho 
authora, Dr., Henry Le Hainas, a quaWied otologist, bafore 
.nd after schnorchclliq apamtionrr, rrdll 6% tho end 
of the 5 dcry interval batweem sehaarurhel rsuaiona 1 and 2. 
Careful crrmination was wade u5th bot i  an otoscope arrd a 
Meophorgngoecope = the latter inatNmsnt providing CL vim 
al the nasopha~yrnc and PU4tBchean orit'icea. 

. 

In add&tion, tho m m  nerd tssted in the dry recorn- 
prursion chamber of the Escape l'rSining TMk r t  the Sub- 
marine Bare, New London, to cnouri their a U t y  t o  take 
pre8suro. They were subjected, in groups of 20 to 25 am, 
to thr 50-1b. pressure tmt, as routlnsly a&uInlBterOd t o  
submrins pamomel a t  t h i s  activity. The preawr waa 
built  up to $0 Ib8. in 8 period of fzWn 6 to 10 mbutae ,  
d q m d . h p  or the trouble axperiencd by any individuals of  
the Bruup- 

Because pressure changes encountemd wure belorr the 

4 







Tha a1gib.8 a4 the c 8 7 3  were old aid badly Fn need of  
overhaul, and, aa they warn 4-cycle HAN agines, no con- 
clusive 8tatsment OM be made t o  apply t o  an b r l c a n  f leet-  
type submrrine w i t h  Z-cyc3.0 angines in good concUtion. 
Howover, in t t S  axpsrfmunt, it b felt tnat the fumes f r o m  
the engines conetftuted the Um%thg factor, 
loat d e p t h  control, d t h  constantly increasing axhwst back- 
pressure, the d i e &  would have bear much more pronouaced. 

Had we actually 
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A88\nning the ancentration of carbon monaxids and the 
oquiralmt s l t i t u d a  rclaullned caratant, t i m e  for carbon 
monoxide hesmoglobin concentration t o  reach 2@.(13),(l&) 



the fumes at the t l m s  these samples w e n  taka,  it 3fl fe l t  
that peruomol would not be able to tobrata 8UCh atmoa- 
phrric condition¶ for periods of nore thrn fem nlnutsr 
duration 

Of intorest in regard to ear affect8 b thb r o b  Of 
return of praasure t o  normal, averryinC ahbut -03 b - H g ,  per 
secoad (0.76 mmrQ./sec). It s h d d  br noted that i n  thase 
observation8 the enpines continued to run after tho achRoroha1 
head valve opened* In alongaIde+tMock trials of tho 
U*S.S. ~IRACO, am rcrpartad in intorim rcrpo~t ~ o .  1 (s), i t  
war noted that when the head altn wae aprnrd aftor the 
engina w u  shut off, the  rate  of prwsure return t o  nmal 
ms too rapid t o  bo measured with our squfpnt. Under 
uuch circua?6tanc.e8 t h e  inOWenu0 of inr0lv.d sars would be 
expected t o  be wch greater. h the sacand dip, the  
schnorchsl head protruded well abo- tka nrrlrce of the 
water after the "dip", snd ths p r e 8 W e  cuwll rsprrsents 
t h e  persure return with the head d V 8  
of the f i r s t  30 or 40 seconds when the herd vmlvr wae not eQm- 
pletab open. Xn the t h i r d  dip,  on U s  other hand, war COW 
ditions Hero more c3.oeal.y sirnulotad in that the head valve u w  
t3108@ t o  $ha surface uf, the wator, and cloacld and opened 
aevsral t W a  durinc the return of prwsure t o  n o m l ,  Con- 
eequntly,  the prossure CUM B s l l @ t l y  dbtortsd,  Them 
we Shawn in Figure I. 

with the exception 

Tables IIA and B reprassnt the drop cd pressure f m m  
~ a r m  and the return of preseurd t o  normal during the s a c d  dip ,  
while Tablee Iff A urd B present the same data for  kha third dip. 

9 -SFhnQrcheltione: 

It waa found that j u d a  from the effect OR perno&, 
on0 schnorchel run w m  much like another i t s  ovar-au 
aspects, The uressure changes wnre so puhm.l and wall  within 
the easily tolerable ranges that it was urnrally not nectseary 
to voluntarily clear the o w 8  except at rare intervals6 b i n  
was very infrequent; in the few cases where it did  occur, It  
was transient and n o t  sevom. 

P i p m e  I1 i l l u c t c n t e a  the t i m a  interval3 Of ope- and 
closing o f  the schnorchel head on s o m  of the mns, 89 de- 
termined by d i r e a t  obaarvation of the head mklv. through the 
periscope, By aperatinp st a depth slightly closer to the 
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TABLE I T .  

Pressure TRma 3 Ratn hf Imrsaas in 
w e  ( s ~ c )  ; ~raseum in inrb . / sec .w i 

+W The schnorchel haad valve ma not coapletdy 
open In ths early part of thla plmass o t  the 
run, h a c c  the rate of prossure rise Was not 
ab pmt  during the first 30 seconds as it 
migM have otherwise been. 





TABLE UI. 



During tho return of pmrsuro t o  llDTpldL during sLaulPtsd 
lass ai depth contrel, it uas nec*suzy for met of the 
psrsonnd t o  employ om of the64 rnancmver8 to cluar the ears, 
During ordinuy rohncrroholllng, on th6 o t b r  h o d ,  when tho 
head valve oloasd only occasionally, it WUI wually aaly 
naaeerary to clear om’a ear3 on occ-ion. 

The kttervals o f  q)bn5,ng and closing of tho S C ~ U I Q C C ~ I O ~  
h d  valve hwe alrssdy been pnsrentrd in Piwe U. 
t h e  for the intakr float ralvs to opanO c l w a ,  and opn  4lin 
averaged 6-8 seconds. By d n g  fairly dsap, the hrrd valve 
mld bo closed, ape- ally O c C 4 W l o ~  for short lntsrvala. 
Bp operating rt a depth abenrhat closer t o  the rurlacs, the 
“open* period mu&¶ become of longer duration, and occur with 
grater frequency. By operating rt a still more rrhallow depth, 
the head valve would r d n  open abmrrt constantly, r i t h  t h e  
periods of cloaure of such short duration that no presswe 
c h g m  would mflrct upon the altimeter, and the only evidence 
of the fact tkt the head -?re Was ClOSing Would be the 
“hngint’ tkt could be heard in the boat, 

The barometric pressure did no t  return to mnanl when the 
hsad valve remained open bt instead there me a alight  negative 
pm8surs in the boat. 
a mean which gradually fell or rot38 8 8  the ratio of t ide aloead 
to t h e  open increased or decreased. Longer periods of 
cbauro, of from ln ta 15 aeanntiar dwat ion  (au frm faulty 

The 

The pressure fluctuated s l ight ly  around 
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Incidemcc of Aerotitis Ydig:  

Faulty depth control might occur - the boat 
b e m o  p a d u l l y  a l i t t l e  too heavy, from 
hilqe water shipped in throua schorchul 
in take 
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In the -SO of' h d a  I OUXW~ the other hand, there 
io actual tieeuo disruption with b l a d i n g  h tho middle ear 
cavity. In Grada 3 enre there i r  alrro found 8ct-l vuraular 
duare  3.n that ther4 are ruptured blood vw8.b obserrab16 
in th4 tgmpMfc mambrsns, arrd it i s  not hpmbablr that thoro 
two .bo ruptured blood msssla in other placrr in the inner 
(WLF cavity. No. 2 ears show a revere or congastion 
of the tympardt: mdraa6  which persist8 for a day o& 10. 

A l ine of U s t i n c t i o n  axisw, then, brtvfeen Grads 8 md 1 
ear8 on the one h d ,  Md Grad86 2, 3 and 4 eam on the Other, 
TNs niU be the b u l s  far ear 5nvolvsmsnt wed the d i e  
armsion of remlts unless othsmiae speciliadm To demonstrate 
tha Wcidmcs of mbjscti showing the more swore p.ttrolo@wl 
changes, hcIIIevec, tabular presentation of  results nil1 3nfi lurlR 
information wing three criteria for basis of difficultyr 

It I s  f e l t  that extensive repetition of this t r a m  
uould have M svmt.uAl dcUtcrioue offoot upon the oubJocts. 
Fawlsr has ehown hi3  Studie8 an frilob that p i l o t s  
with  fmny hbuh flying in connsercbl f ie lds  have tUck a d  
retracted d n m  and mort or lese conduction deafness..., 
rmpat.6 barotrrw oprent ly  tends to favor the dwulopoent 
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showed marked hyparaafn of the eardrum ( t h i s  candition is 
pesent i n  Grades 2, 3 a d  k m ~ ) ,  whereas 30p hRd vascular 
rupturo i n  d d i t i a n  to the hyprePir (prament i n  Grados 3 
and 4 ems), and 1616 a x h i b i t d  thwe chmgw, and free blood 
in the middle ear cavity 8s w e l l  ( W o  4 w 3 ) r  

Although tho prossure ch~lnge8 enaollntored In scfinarchel 
sassion #l w w o  much greatzr and more mrked than in schnorchel 
awsion #2, nota that the aerotitis figures corre3po.d very 
closely. %waver, thq scim Mhidual s  did net nuces.%rfly 
fall into tho s?me group in both seeelone. For imtmce, a 
*rmn miEht have a Grade & ear in t h n  f5rd. seesion and a 
Grade 2 in the socond, or vice vemar 

Of the f3ftpsbc subjects on whom data ism obtained 
during them mhnorchd aprat ionr ,  th ir tp two  or 57.U$ hod 
no ear involvement during eithar of the schnorchel sessions. 
Theea obsorvations aru too ~ G I I  to p c d t  any paneralfzlntiutls, 
but i t  appears from t h i s  that the presence OF absence of ear 
Fnveloanent in w- fndividual  d u d %  one run w u u l l l  aervt! to 
p o d i c t  the presence or absence of ear involvement in t k t t  in -  
dividual d u r i n g  o thar schnorchel runs * 

In both schnurch~l, aesslons, tha  percmt.i&e of sleepers 
who had involved ear8 was much grsatsr than thc perca t age  of 
ear irwolvernent fourd among aubjects Mho stayed cwaKs. Tnbl.ea 
TI A,B and C present rcsults in tabular form, 



B, Basis of Mfficulty : Grades 3 and Ir Bra. 
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c, B8si8 of Difficulty ! Grade 4 %m. 
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