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WAn'IZ-TYPI CX>B MAT!RUL FOR SANMCH OONSTRUal'IONS 

{ 

Prepared b11 

H. A. Perry, Jr. 

AIETRACTa A tabricated oore aaterial 1a descri bed which consuta 
ot a single sheet vith syrnetrical truncated pyramidal indentatione ,, 
alike on both sidea , r esembling the geometry of a wattle. A waffle 
core or rigid sheet :material when bonded between two na t, high 
atrength tacee, produces a strong, light-weight structure. Two 
separate channel.a exist tor the now of heat-tran9ter media in the 
plane .of the sheet. 

A m.uaber or sandwich panels of this oonstruction have been r abricated 
and tested, exhibiting high strength-weight ratios and excellent 
st.1ff'ne11. The panel.a oorapared well 1n these propert-ifts with a 
typical panel or hone,oomb core sandwich construction. 

The ''Watfie" type or sandwich construction appear, potentially to 
be or considerable value 1n the tatrication ot aircraft, parts, 
radomea, aolid blast proteot1. ve nooring and heat exchl1ngen. It 
of f'ere a solution to airoratt de-icing and fiight ooollng prob lama. 
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Thu work was carried out under NOL Task SS-19 during 1947 and 1948. 
It should be understood that the materials properties reported do 
not reflact the properti <?S which eould be obtained currently through 
the u!:;e of improved rein1'0rcements, resins and adhesives which are 
now available. This developnent was terminated in 1948 for lack of 
urgent applications at that time for this class of material. I t 
is reported now because ,,f the potentialities of the material as a 
possible means for solving current problems 01' ~eat urgency in 
connection with the surface coolinp; or supersonic aircraft and 
missiles. Accord i ngly, this report 1s issued under the authority 
of IDL 126. 

W. w. WILF.OURNE 
Captain, us~ 
CoJ'IITlander 

Cl£. . Q../r' J -A. 1/ wm¥m . -_7 
By direct1 n V 

11 

• • 

• 
• 

.. 



:: 

RA10RD Report 6100 

TAD OF <X>NTDl'S 

Introduction 
Core Design 
Exper1J1111tntal PPocedura 
Diacuasion 
Production Tecmd."1•• 
Concluaiona 
Bibliography on Sandwich Structure1 

Tablet l 
Tabltt 2 
Tablet 3 
Tabl,, 4 
TabL; 5 
Tablia 6 
Tabl.ia 7 

Table 8 

Figure l 
Figure 2 
Figure 3 
Figure 4 

Figure 5 
Figure 6 
figure 7 
Figure 8 
Figure 9 

ILLUSTRATIONS 

Watt·le Core Sandwich Teet Data 
Watne Core Sandwich Teat Data 

• 
" 

" 
" 

" • " 
" 

• 
• 

Fn:,pertiee ot Honeyoomb Sarxirloh Panel 
Conq>ari.son ot Beet Wattle Panel with Homrcc>lllb Panel 
lnoV\ Specific Uses tor Sandwichee in A.ircratt and 

Missile Parts 
Important Parametera - Appl1cation1 

Wattle Core Sheet and F1.n1ahed Sandvioh Panel 
Watne Core Sheet and Exper1119ntal Steel Mold 
Cut,.Avay View ot Wattle Core S~dvidl Panel 
Cr~s Sectional Diaenaiona ot Exper.l.Mntal Wattle 

Core Material 
Edgewis6 Compressive StrengttA 
Ultimate Flexural Strength 
Proportional Flexural Strength 
Modulus or Eluticit7 in Flemr. 
Typical Possible Composite Sandwich Structure, 

III 

Pace 

l 
l 
2 
3 s s 



• 

NA\ORD Report 6100 

WAFFLl•TYPE OORE MATEltIAL FoR SANIMICH CONS'!'HJCTIO?e 

INTJl)OOCTION 

l. u a reault of a need tor iJlp:roT•enta and a reduction ot 001t 
ot •truotairal 1andw1ob uterial•, particularly tar radome construction, ✓ 
the writer baa deftloped a new t;yp1 ot samwioh oonatruction vhich 
1howa conaiderable prome ot high. 1trengtb night ratioe, 1.e 
suaoept.1.bl.e to IIYI prediction, probabl7 pceseases good microwave 
~t.11.atioa am otters nev and UBetul pi,,perties of potential 
intel'Nt in the field ot su r.f'ace hlating or oooling applicati ona. 
The idlu wiich led to this development wre brought by the writer 
to NOL tr011 Rad1at,1on Laborator,-, MIT, in 1945. 

2. Sandwich conBtruction conaiate or a raulti-layer sheet having 
thin, high strength races with a thick, low densi.ty oore mat erial 
s andwiched 1n between. The function ot the thin taoee is to carry 
the major part of the applied loads. The !unction of the core is 
to keep the raoea trom deflecting independently, to statd..lize the 
taces against buckling and to impart stittnees to the assembly. A 
good sandwich desi gn 11!1 one in whioh the strengths of the core, and 
of the bond between it and the tacee, in shear and tension are such 
that the tull strength of the f'ace• and the oore are developed during 
load to failure without excess 11tNngth o:- ;;ei Kht. 1n the faces or 
OON: An Gptinla strength weight ratio is imperative in some appli­
oatiom, partiaularl1 tor aircratt parts. In general, sandwich 
1truoture1 otter this advantage over, or are competitive with the 
beat at, other type• at construction. 

). Variawl core materials have been employed in sandwich oonatruction 
in the past, cOl'illllOnlJ f'alling into two oategoriee I strong natural or 
•ynthetio oellular mterials such u foamed hard rubber or l:alaaJ 
oorrugated or grid type tabrioationa suoh as the "honeyc0111b'' type 
aaterial or oorrugated aheeting ueed in box oomtruction. The oore i­

aaterial de1oribed tA1'9 tall• in the latter category and otter• 
certain pronounced advantagu over exi• ting •teriala. 

_£or• DNip 

4. Tha •wattle• oon material. 1J.s produoed by detonling a plastic 
•beet w1 t.ll IJl'llllet.rioal truncated p:,rud.dal indentatiom , alike on 
both 11ide8, until the aheet reaembl• a wattle. As a core in a 
1andwiab • tructure the sheet beha'YM M do the croaa braoes 1n a 
girder. Plat areu are available on the surface of the core lllater1al, 
pel"llitting cdequate boming or the core to the faces. The stl"a'lgtb 
pn,pert.ias of the resultant sandwich are alike in at leut tvo 
di.recrti.0111 in the plane of the sandwich, with properties differing 
not greatly tl'OJll thea• 1n other directi.011111 in the sheet. Th18 
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teature oontr•te -.rkedly Id.th tha tndit1onal aorNgated box 
oonatru.otion "1er.1n the 1tnngth propertiN T&r'f 1reatl7 with 
direotion. 

S. The teature ot nea.rl7 unitara 1trenrtb in ftrioua d.ireotiom 
in the "wattle• sand'ld.ch 11 d•onetrated alao bJ tb• "hon-,oomb" 
1Uidwloh, but th• former 1a •.rt liklll.7 to be eMier and cheaper 
to produce than the latter; Thia 111&1 be IND by oompariq the aetboda 
ot tabn.cation. HoneJ'00fflb oore •teli.al ii pn>duoed b,r 1taok1Jw 
oorTUgated sheet.a iilld glu ing tba into blodas fro• vh.1.cll el.ah! tJt 
desired thicknu• are cut with the .U. ot the honqccnb a.lla 
perpendicular to the pla1e of' th• abeet. Thia operation 1.1 ot 
neo•1it7 a N •Ah process. Wattle oore aaterial, on the other hand,. 
is produced in one operat,ion between tvo dies trom sheet st.oek. 
Figure l 1hOW11 the vatfle type sandwich., Figure 2 eho• an experi­
mental die !or producing the warne oore -.terial. FiAure j ahowa 
a c utavay view of a waffle type sandwich panel . Figure 4 gi vee the 
dinlie iw iona or core. 

6. The particular design or waffle oore produottd and teated in thia 
e)Cl)eriment was ohoeen arbitrarily. No at t•pt vu made to mab a 
preliminarr evaluation or the stre11 d1atrihrt1on in the oore and 
taces or such a emdwich. Rather, it was •ti.mated on the bui8 or 
previOUIJ experience w1 th honeyoomb and foamed plastic core sanhd.chel!i 
ttat the spacing and race thicknesses choeen 1hould prOYide good 
•clwdcal • trmgth and also good radar tramndl81on in the 3 centi ­
•ter wan length band. For exanple, thn elope ot the oore wbll 1a 
set at 6) 0

, which 1a near Br9Wllter•a Angle tor the Jllin1JILUJI renection 
or an electromagnetic wave rrona a dielectric sheet with parallel 
polar11ation. 

7. It 111 customary to corm 1der that a 1&Jdviclh raoe under etre1• 
behaT• like a plate on a continuous elalltio f oundation. The theoriea 
ot l 'tNII anal.1911 in 1amwi0h• &'t"~ uauall7 bued on this prmiae. 
It b .1 not llkel7 that thia ii applicable in the cue o! the watne 
1and'k:1oh. It 111 pauible, howwr, that an aklywia ot the 1upport 
giTm t.he tacea by a wattle core 11a1 be baled upon a tmorr ot a 
colwm dieoontinuaualy 1upported1 (Reference (1)). A theoretical 
anal.yaie and an uperinaental eTaluat1on or the following !actors 
should r·eault in higher etrfflgtb-weigb.t ratios. 

Experillental Procedure 

8. A die wu tabr1oated by peggi:ng uoh1ned at.el truncated pyrwda 
into it.eel plat.ea. The pyramids wre deeigned •o that the apace 
betwen the teeth of the dies wbe1n •abed vu constant throughout 1.t 
o.OJ)". Oui de p1m wre provided to imure ftJ"7 accurate aligrnent 
of tbJ two parts while cloaing. 
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9. Watne col\Ja wre prow.ced a~ 4" x 9" panels 1n tJle ateel di• 
trom knit ooi;ton cloth and also .t'roa glue tibar :ut. The •h•t L 

stock vu ilq>regnated with a pol.y.1ter lud.natJ.nc N • in, plaoed in 
the mold and cured under heat and prea11ure. Sanchdqh faces wre 
J10lded between tlat platena. The •teriw ueed tUld< tha oondit/4ona 
ot CUN WN M tollOWII I 

Fao .. a (a)/ I-Jl,000 Mat - J5jJ Plukon. 920-11 - 6Sj 
(b) ECC-122 Clus cloth • ~J Plukon 92'-ll - 40%. 

C'u.Na 20• /280°F - at p.1.1. 

Coreen (•) Cl26 Init Cotton - JS%J Pl.aikon 920-11 - W,. 
Selectron ,(;O) • Sj 

( b) I- .)0 1000 !',at - 3.5j J Plukon 920-11 
(c) Cl.26 Knit, Cotton - 35%J P1aakon 920-11 - 6$% 

Cure a 2()' /2800V.1 at ~light pressure on an 8" 50 ton press. 

10. Sandwich parwls, 411 x r, were produced by a,1sE1T1bling a core 
and two like facti sheeta using Plycozite adhesive and bonded at 300°F 
tor 45 minutf>s at 50 psi ·between flat platens. The following oombtna­
tions were assembl6dt 

a. Glaaa mat cores with glass mat taces. 
b. Glue mat cores with gl&ss cloth racee,. 
c. Knit cotton cores with glass mat tace1. 
d. Knit, cotton oores with glaas cloth !acu. 

D.. The toll,owing teats were run on the experi,4en tal panels and 
compared w1 th a typical honeycomb panel on hand at thie laboratary1 

a. Edgeld8e Compreseift Strength 
b. Flatld.ae Cornpreesi,•e Strength 
c ,, Flatwise Flexural Strength, Proportional and Ultimate 
d. Modulus of El.aaticity or Flexure 

The reeult.3 of the tests and the characterietice ot the panels 1111.y 
be found in Tables 1 through 4. Tru, strength propertiae of the variou1 
panel.a are e.orr-alated w1 t.h skin thidcneea in Pigo.ne 5 throu.gh 8. The 
c,, mpoeition am prol)8rtie1 ot the honeycomb panel tested are shown in 
T· ble 5. The etrength vei~t ratios and the ela.stic propertiee in 
flexure or wattle core panel No. 9 are compared w1 th tiiose of the 
honeycomb oore panel 1n Table 6. Panel No. 9 was chosen for thia 
compar'....aon u the beet of tha lot. 

12. In view of the limted data anilable, the curvee shown in the 
encl08ure should not be ooostrued to represent other than general 
trends. For irust anoe, the 1nflectiona of the plot.a o! strength 
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propertiea and 1tittneas wraua • kin thS.okneea oannot be 
interpreted without ••Wl1nc that panelll Ho. 1$ and pelhll)I 
No. 24 were datecti-. Howe-r, iena,ral trsidl •1 i. obee"9d 
in th1a data. A• expected, tha 1trength and 1t'1ttn• of th• 
panela inc:re111 with 1kin t.hiokn- within the rqe ot tAil 
experiment. Al.80, a glue aat oore 1n general prortd• gnater 
mechanical 1trength to a 1andwich than do• a cotton oore. Lutly, 
the e:l•• 11&t taoe• appear 1enerall7 to iJlpart lft&ter strength 
at tracture than ct> glu1 cloth taoe1, and 11•• cloth taoee 
impart greater st1ttnee1 than do glua aat ta011. HaweTer, thl 
best individual panel or. those produced in thu experilllnt appean 
to be a eauidvioh oonsiating ot a glua mat core vit,h 0.0)0" glua 
n]~h f'a.na • ( nima1 ""- O\. MoPA lfAt.A t1hnuld hA t!allAnt..d batam -----· __ .., __ .,,- ... -- .. , _ .. ; - "' .. ... ·-
final concluaions may be drawn. 

13. It may be noted that the wattle sandwich Panel ,o. 9 and the 
hone ycanb panel are 1n general comparable, and that the 1t1ttJiie11 
arxi strength weight ratio ot proportional st.rongth 1n tlem1"9 ot 
the waffle eanchdoh are higher than in the honeycomb 1andvich. 
A comparison of the data on natwise compressiva 1tnmgtb reveals 
that in aome inetancee, particularly with cotton cores, the wattle 
eandwiohee are twice as strong as the honeycaub aand'fd.ch. 

14. It has been deoonstrated in the laboratory that glass ut 
coree can bl postformed into compound curvature• ot relatively 
short radiua without difficulty and without greatly altering 
the thickness of the sheet. ?'his propert7 vill probablJ be 
cmnmon &J'llO,ng a number of material.a trom which corea na7 be 
tabrica:ted and will permit the construction of eanchdoh •tructuree 
with compound curvee. 'Tables 7 and 8 ahow some ot the lr:novn 
uaee or i,andwioh structurea together with the inrportant design 
parameters gO'Yeming the:il:• uae. 

15. or considerahle current intereat ii the t,ature that chmnell 
exist in the plane of the eheet which will pentit the now ot fluida 
through the sheet. This may permit the de-ioing ot 1Urlaoe oooling 
of radome1, msile noeea and leading edges by 111an1 ot heat 
transter liquida or gas~. It nay also pend t the use ot 1\ICh 
aandwicheet a! coru,truction material.a "1ere radiant haati~ or 
cooling is desired as in interior tiniah, as in aircratt cabim. 
I\'urther, it may pemit the oomtruction or fiuid heat u:changen, 
since two 'fluids naay be cauaed to now separately within the one 
sandwich end a large are& of thin oore vebe will separate the 
nuida. SoJ111 of the poesibllities are shown 1n Figure 9. 

16. or further interest 11 the poaaibillt7 ot tabricating the 
wafne core 111aterial at a rubber stock ot about SO duroalter. 
When usembled in aandwicb torm, either with hard or elastic tac.r,, 
i t may act as a •olid blu·t proteoti.,. ftoori.ng •terial. tor ehip.. 
ooa.rd- inlta.llationa (raferenc. ( 2)). 
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Production Teohniqu• 

17. The type ot die ••d 1n th11 experiJlllnt 1a applicable to 
larger di.ea. Produote mlded 1n such die1 aq be held to ol01e 
tolaranoee. StNl di•• VO"Jld be quite 1Uitable tor drav1ng •tal 
wattle oo~. It 1a likel7, hovner, that t~r plaatiu oore. a 
low ooet tabr!.oation teabnique u 1ng ,otter meta.la -.y- be •plo~ 
tor the oomtNotion ot diH. Die out pyrallidl pegged to plate~, 
are of interest. Solid o•tinp ot al\111.nwa or 11no blle alloya 
mq be teuib1-. 

le. In the production ot .,-..rrle COl"'eii eu'"id awadwicb•• the dimenaioru, 
or the dies -.,ill depend upon the required thicknee1 or the core 
material. In constructing sandwich• it is ott-en the cue that 
inlerta and rittinga are irx:orporated for stree• diatriblticm at 
points or attachment and for varioue other purp011 ff. Since it 11 
desirable to 11.mi t the number or deldgm and sizes of insert. and 
fittings in sandw"lch construction, particularly far airora.t't, and 
since their dimensions are dete:nnined by core thickness ratl-.r 
than total thicknu• of the panel•, obvious production eoorX>mies 
result from atandardizing on a relatively few thickness ot core . 
The hcmeyoomb industry hae standardi sed wherever possible on 
0.2,", o.Jl25", o.)75", o.,", o.625", o. 75" arx1 1.0011 • It 1«>uld 
be !easible to develop diea for the production of wattle coru 
in this or a similar range of thicknea•. 

19. The l'~<llction in thickneee ot wattle cores after moldin,g 1'1141 
bo aocompliahed by rolling or presaing between hot surfaces. '11h11 
permits an adjuat.ment ot the core thickness to fill the gape 
between the aboT\I atand.u-d thicknesses. Althc.1ugh this rea:tura 
haa not been investigated to any extent, it is anticipated that 
the employment ot thia artifice 1n adjusting thiclrnee1 v.tll not 
cause exo•1ive wakening or the result111t 1andwioh stru.ouire, wt 
will t111Nly result in an increue in the area or the fiats and not 
atte~t the slant wb atnictUnt materially. 

ConolUBiona 

20. The reeul ta of tel!lts on expert1'9ntal panels show that waffle 
typ. aai,dviehea eonetrw ted of rigid reinforced plastics are 
oompetitiv. in etiffnese am strength weight ratios with an equivalsit 
fiberglu ho~yoanb type sandviah panel. A variety of materlw 
oombina ti.om are or interest in various w819, some for unique 
properties and othero for materials economy. The material may- be 
poetfonaed to produce oanpou.nd curves. This t,ype of construction 
appears potentially to be ot value in the .f abrlcation of aircraft 
parts, radan•, solid blast protective nooring and heat exchangers. 
It may otter a means tor the de-icing ot leading edges and radomes 
in winter, and for the ooollng of surfaces in supersonic flight. 
A.lao, it •1 provide convenient meam tor the tabrioation of metallic 
Jlicrowan lenses. 

5 
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21. It 1a anticipated that thil material 11&7 bl further iaproTed 
through a etaidy ot the geollltry at core, and the propert1.e1 ot 
mateJ!i&l.1 1 that the number ot potentialq Taluabl• naval appl.1-
oat10111 111.7 increase through further 1tud7 ot the .. t.rs.al, and 
that a 1tud7 ot teohniquee will lead to the production ot 1andwich 
1tructur11 at 1peeda not heretotore attained and at 001tl under 
thoee tor other 1andvich conatnwtiom oi' like qual1t7. 
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TABlE 1 

WAFFLE OORE SANMCH mT DATA 

Faces - Glus Fiber Mat, I-30,000 

Core - Olus Fiber Mat, I-)0,000 

Adheai'f'8 - Plyoozite 

Property {4) 
Face Thiaknea a 0.030 

Panel Thickness 0.383 
o.J46 

Apparent Densi t~lte/cu .ft. JO,l 
CompreBsive Strength - psi 

Flatwiae -
Edgewiae 1460 

1545 
1500 

Flatwiae Flexural Strength -
pei, Ultimate 5640 

7630 
ProfJOrtional 2570 

4100 

Modulua oi Ela.atioity 0 • .398 
pei no 0.579 

(5) 

... 

900 
822 
-

(6) 

0.020 

0.350 

24.0 

-
1100 
1440 
1255 
ll65 

476o 
5550 
)210 
2510 

( 7) 

0.020 

-

0.339 -
0 • .364 
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TABLE 2 

WAFFIE CORE SANIMICH TEST DATA 

Face1 - Fiberglas Cloth ECC-112 

Cor t . ..., 1}..;!':1'. fj.l:>fltr mat, X-)) ,OOO 

Adhesive - Plycosite, except panel (1) ltlich cont.airurd b •l,il.: . 
Panal Number 

(1) (9J { 2) ( 8) 

Face Thickness - Inches 0.030 0.0)) 0.020 o.oro 

Panel Thickneaa - Inches 0.345 0.)65 0.)45 
0.345 0.370 0.345 

3 27.8 24.o Apparent Density-lbs/rt ~-9 -
Compressive Strength-µgi 

Flatwise . 
Edgwiae 117.~ 1060 870 Boo 

1035 1055 675 
U60 1205. 8)0 . 
1095 710 • 

Fl atwise Flexural Strength-
psi, Ultimate 5010 6610 - )690 

5250 6780 3760 

Proportional 2890 5920 - 3340 
2L70 5510 - 3300 

Modulw, oi Elaatici ty 
psi no o.a13 .. 0,, 515 

0.110 0,533 

• 
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!ARLL j 

PIDPERTIES OF HONEYOOMB SANOOCH PANEL* 

Thickness 

Core Material 

Core Cell Size 

Face Material 

Face Thiclmess 

Apparent Density of Sandwich 

Compressive Strengths 

Flatwise 

Edgewise 

Fl exural Strengths 

Ultimate 

Prope,rtional 

Modulus in Flexure 

o.410" - o.440" 

ECC-112 Fiberglu cloth honeyoomb 

3/1611 Diameter 

ECC-112 HT Fiberglas Cloth 

o.OJ5" 

22.5 lbs/cu .ft. 

L05 psi (5 spec:.mena) 

1187 µ!31 (5 specimens) 

6W.o :i:ei ( 5 specimms) 

J18L psi (5 specimens) 

678 ( 3 specimens) 

* Probably produced ~J Plaskcm in late 1944 • 
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TABLE 6 

COMPAFJSON OF IF.ST \i'AFFLE PANEL 
WITH 

IDt-.'EYOOMB PANEL 

Strength Weight Ratios* 

Compressive Strength 

Edgewise 

Flexural Strength 

Ultimate 

Flexural Strength 

Proportional 

Modulus of Elasticity 

in Flexure - psi 

Honeycomb 
Sandwich 

Panel 

52.8 

285 

142 

* Strength-Weight Ratio = pounds per square inch 
poundti per cubic foot 

Waffle 
Sandwich 
Panel No. 9 

205 

0.791 x106 

• 
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T BLF. 7 

~nown Specific Uses for Sandwiches n Aircraft and Missile Parts 

ileron tabs and ailer ons 
Ail'-deflecto rs 
Antenna Housin gs (radomes) 
Bulkhead panels, structural and fire retardant 
C:1.binets 
Collapsible tables 
Containers for precooked food 
Data cas es 
Doors 
Floori ng 
Food-cool er 
Furnit u r e 
Air frame s ections 
Jettison tanJG 
Instrum nt cases 
Navigation tables 
Nose Cones 
Pontoons 
Ri oo and other re in forcing members 
Tail Cones 
Trans it cases 
Wing structures 
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TABLE 8 

Imp(!rtant Parameters 

Flexural Strength and Stiffness 

Flatwise Compressive Strength 
and Stiffness 

FlatwiBe Compressive 
Resilience 

Ede·ewise Compressive Strength 
and Stiffness 

Tor:si.onal Strength and 
Stiffness 

Mecha nical Damping 

Microwave Transmi8s ion 

Heat. Transfer from Internal Fluids 

Str,3ngth-Weight Ratios 

Application1 

Wing Structures a Ailerons 

Flooring - (Heel Impact and 
Distributed Loads.) 

Solid Blast Protective Flooring 

fulkhead panels 

Ailerons; Wing and Fus elag,~ 
Structures 

Ailerons; Wing and Fus el age 
Structures 

Antenna Housings; Microwave 
Lenses 

Antenna Housings; Wing Leading 
Edges; Wall Seetions, Heat 
Exchange re. 

All Aircraft and Shipooard 
Appljlcations 
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WAFFLE CORE SHEET AND FINISHED 
SANDWICH PANEL 

FIG, I 
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\NAFFLE CORE SHEET AND EXPERIMENTAL 
STEEL MOLD 

FIG, 2 

.. 
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TYPI ,AL FDSSI BLE CX) ®SITE SAN IMICH STRICTUms 
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Heat 
~ • 

Via transfer fluid 
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core insulation 

I I I I I I I I I I I I I I I I I I Ins;;:~:::ch 
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Figure 9 
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Insulating sandwi.1.::h 

Counter f low heat ,11xchange 
(three channel) 

Three- core a tru ,.:rure 
w1 th 1n ternal f.' ace! 

Waffle Sandwich containing 
fibroU5 or cellular 
thermal i ns ulation. 
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