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PART I SUMMARY

ibis first ,juaiterly report summarizes the progress made in the prelirnirniry design

phase of the project. To date no contract changes have been requested, I,ut the

status of the certification to be done by Underwriter's Laboratory, of the Proposed

In , trurnentotion Plan and of the Cperational Site Definition are given in Part II -

Cc•:)tIoct .

Th- Deve t oprn, , nt and Verification Plan Schedule is given in Port III. The s,hedule

of future deliverables as the Final System Specifil ation is subject to the date when

the government designates the operational sites.

A description of the Technical Performance is given in Part IV. The system bas

been defined and major hardware opprouches selected. A two -pass air-heating

collector ^..Irs selected based on efficiency, ease of ;woollation and development

status. An Edgy Transport Module,ETM, has been designed to compactly contain

Oil ;he WVL11111lrcal and electrical control components. The rnterfoces with the ETM

are sirnplifi /-d, casing installation.

The next important step is to build the hardware needed for verification testing,

including solar panels and an LTM. The solar panels will be tested on an instru-

mcnted test strand by Fern Fngineering, and the ETM will be evaluated at the UL

U)i,orcturics in similar way that conventional HVAC subsystems are CVOluati•d.

A list of Document and Drawing Submitt ils oic provided at the end of the report.

1
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PART II CONTRACT

CHANGES:	 No contract changes have been requested.

As a result of the prelimin,iry design studies the solar system configura-

tion wos Jhanyod from w!iat was proposed. These changes are:

1) The solar collector configuration was changed from a single-

pa s to u two-pass flow anangernent whert•by the circulated air

picks up li ut hem Loth sides of the absorber. The rationale for

the change is that the two- pass is more efficient, eases installa-

tion and the development status is the same as the single—pass

collector.

2) The system conf*,guration was charxged to centralize all mechani-

cal components and controls into o single pockoge, nomed the

fnr • rgy Tran , purt Wdule (ETM). By cctitrul;zing mechanical

and clecti;cal functions in the ETM, instullution will be sirnpli-

fit-d. SyOcm certification is alto simplified as the complete ETM

can be shipped to an independent testing IOI)orutory.

PROPOSLD INSTRUMENTATION PLAN: A Proposed Instrumentation Plan, Fern

Engineering Pr( posal F-:312, was sul,rnittcd to NASA with pricing on

1-24-76. The plan is Lased on the lentutive site at Tun t.hann, Pa. The

4	
approved P.I.P. is ( xpectud by 3-10-17.

CERTIFICATION:	 The lUnderwritors L(r)oratory vvas given initial funding to

fuiniliarize themselves with the system and to pr( pore a Certification

Plan. Mcctinjs were held with U.L, p_-i%onnel on 12-27-76 and 1-24-77

(PDR ).



CERTIFICATION, continued:

The scope of the U. L. effort was discussed jointly with NASA and U. L.

representatives at the PDR. As a result of the joint PDR meeting U. L.

^^ II concentrate on the safety aspects, covering those requirements speci-

fied in the "Interim Performance Criteria", as well as those requirements

that will unsure corvpliance with National Codes and Standards. It is

anticipated that UL will test, it its own laboratory, an ETM module,

cnntalning the mechanical and electrical control components. UL will

provide a document that describes the system, describes the test and

evaluation they have done and which indicates safety criteria for appli-

c(-;tion of the equipment.

OPERATIONAL_ SITE DL_FINITION:	 Definition of the operational sites was

scheduled for the PDR, however, the government has not as yet defined

them. Delay in site definition will delay the final system specification.

In orJor to assist NASA in site definition, several alternative methods

of system retro-fit were presented to NASA at the PDR.

td
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PART III	 SCHEDULE

The Development Plan Schedule is given in Table III-l.

The Dr.sion D , jta iequirod for Government Furnis!)ed Site D.ita .Ac 1.)uisiti11n ^u!:

system w,:s furnished in the form if a Propaind Inowmentntion Plan (FIP) ); r ^'  'u-

meat SHC 1t 0W). This document •sas	 ("ode uvoil,:blc to r,,n at tl,e contruct

n000tintions, and conforn ante to it "•quired definition of the system and uf the

operational site. Pidiminaiy site information •....su_' 7wod from NASA on D,-cem-

her 17 and then was used to Mc!rlp the PIP.

The Pruliwinary Dt'sign RL'vIUw and Ouart " rly D_sign Revir . "v •,y ore lei chr • dulod tit

!!-,L c onv, nir•rlce of the liovernmcnt per ID-04 (A!1  00190).

The Vcrificati_n Plan is in (wcordonce with the Vurifico!ion M,.)trix for Doc.

"Interirn Pr_rforrrrunce Criferia Or Solur Houting and C r,!)inLd H,.:tinj R Coot :,g

t	 Syst, nrs and D.vc1lirrys" January 1, IM. The Vc6fit-otion Pl,:n w,:s dividt•d Too

p[ (:., s,	 nd in the Dovt1(ipmcnt Phw,e uovewd ky this cjir.r icily r• r it the nu•'' —Is

it , lin;ittd to Similarity and Analysis. The status of ..II V, iification Items is

givCn in Table III - 2. The Document and Dra g: it g Nis. referred to therein cue

identified in Section IV D "T ,Jo Sul,n.ittols".

uRIGINAI: PAGE III
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PART IV iCCHNICAL i'CRI=ORNk1\NCE

A. DESCRIPTION O f: WORK

System Dvtinition: 	 Fifteen alternative approaches to the syst--m con-

figuration were studied, parunn•tiziny the nun ter and location of the

dun.pers, the number and lo,,ation of the Fans, the interface locations

with the furnace (viz, opstreurn, downstream or parollel interfaces), the

size awd type of sul , syStems and operating modes. The system criteria are

defined in Tul,10 IV-1.

The resultiny hey stStCM definition features are given in Toble '3 -2. The

venous operutirnj modes arc ' !CI-)icted in Figures IV-1 tO IV -3. Because

air - Iitotimj solar c. Ilcctors are used, dir, c  solar heating is possible.

The si j nol fiorn the fir-,t-st,r•j e of a t,vo-sly: e room there r.stnt FYI) is used

to it tivute PA , de 1. A	 thermostat, kfC) in!1il'it5 Mode 1, unlesS

the cc. , lit, for tcn1t1. • 1ature h,,s	 sufficiently (nominally 1000 F) to

4 L	 th, , ,.ollectoi tht..imo out ( ircuit. All control functions are. handled

by Clo,s 2 ciicuits. Relays loc,rted in the LrM it-julote the action of the
i

r Iiwers, dampers and of the purnp. B,)tl, the furnace fan and the solar

011eLtor operate it, the dill•L-t heatirtig mode. The teniperuture of the

uk ,iol;vci od by the c c,11cctor rums frorn 90 to 140 O F (or Mode I . Mode

2, f'n,-r j y Stoi , iUc is octivatr•(1 cither I y ,-i signal learn stone 2 of the room

the]Illo of when the furry,ice I henry is stoitud, and or I y a ti,; , ..il from tho

Miff, I , ' It ;01 0101 rno-.tut havin ;J sensors uttochcd to the a!-oiler and'a 'Ile

t,.,.	 torik, S)	 Sirnultan, >us c " peration of the furnace burner cnd the
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solar collector delivering heated air is inhibited by the control; this

avoids the possibility of overheating the house, as well as sending

heated air to the collector. In Mode 2, air is circulated ±hrough the

collector and over the finned heat exchanger in the ETM.

The pump 7 n th-, ETM circulates water from the cooler regions of the

storage tanks through the heat exchanger, thereby transporting solar

energy to heated water storage. The oir is returned to the collector for

reheating when it exits from the heat exchanger. As the collector will

be sized to be able to supply much more than the demand on a clear day,

the operating mode will switch hack and forth between direct solar heating

and storage during a typical clear day. On cloudy days, a greater pro-

portion of time will be spent in direct heating. The direct heating mode is

the most efficient thermodynamically, as the temperature of the air entering

the collector is lowest for this mode.

Made 3 is heating by stored energy. This mode is activoted by a signal

Coo Stage 1 of the room thermostat, when the collector !hermostat is

open, e.g, cloudy periods and night. Mode 3 operation is inhibited by

a storage thermostat which will preclude operation if the water ten,pt•ra-

to a in the warmer regions of the storage tank is not sufficient for heating

purposes (e.g. nominally greater than 9CPF).

The storage sybsystem utilizes potable water. The storage subsystem is

pressurized and connected to the DMV tank; a DHW drer.v causes a draw
I
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red transmission and absorption of each cover, c) the convection losses

between covers and on the exterior, d) the solar energy absorption ef-

ficiency of the absorber, e) the emissivity of the internal duct surfaces,

f) the roughness of the internal duct surfaces, g) the amount of insula-

tion, h) duct size, i) air velocity and i) air-flow distribution.

The two-pass collector design, whereby the air flows over the front of

the absorber and returns in back of the absorber, was found to have

superior thermal performance. The Front-to-back two-pass collector

simplifies installation as the inlet and outlet ducts are adjacent to each

other on one end of the collector. The present baseline design approach

is given in Table IV-4. The frame construction approach is still under

study, comparing the cost of aluminum vs steel. A 20-year design life-

time is desired, and it is felt that hot-dipped galvanized and bonderized

steel can provide the lifetime. Of concern is the Future price of alumi-

num as projections indicate a 309% increase this ye-ir alone. A glass

rover was selectedvis-s-vis a plastic cover tc preclude any external fire	 A

hazard and to use the proven structural capacity and durability of glass.

The calculated performance of several key alternatives is shown in

Figure IVA. Small gains are possible by refinements of the internal

design of the ducts; these are currently being left as future product

improvements. The alternative of using FEP instead of KALWALL is

currently being pursued. The VIP has a low index of refraction, re-

sulting in smaller reflection losses than for glass, The FEP has greater

I'm;v f4
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Table IV-5. The results shown in Table IV-5 illustrate the effect of

collector size, storage capacity and use of a reflector. A typical in-

stallation for this house would be two rows of panels running the full

I^_-ngth of the house having a 300 ft  collector aperture, and would pro-

vide 40% of the space heating. The system performance wi II depend on

site location, insulative quality of the house and of the system component.

Based on the performance calculations, a preliminary system performance

specification was developed and is given in Table IV-6.

Certification Plan:	 Two meetings were held with representatives of the

Undeiwriter's Laboratory to devise a certification plan. At present, UL

is developing a plan to meet the safety criteria of national codes and

standards arid at the HUD Interior Performance Doc. 	 1-1-75, UL l,as

been provided with drawings, analysis and descriptions of the system.

)e certification plan is summarized in Table IV -7.

Retrofit Studies:	 System design must consider the diverse ispects of retro-

fit approaches. Alternative approaches are sketched in Figures IV-6 to

IV-11. Actual retrofit installations will be dependent on house orienta-

tion, available lot space, location of chimneys and vents, roof pitch

and 9abl,2s, local building codes, and accessibility to the installed

heating plant. The finalization of a system specification will depend

at least on the features of the site noted above.

UI?IGINAL YALE 1S
t)F POOR QUALITY
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B. FORECAST OF ACTIVITIES TO COMPLETE TASKS

Plototy e De_siyn:	 Prototype design will continue, refining the • resign,

pc`Ifolllling	 killd C0st ,)I1,11^'f^/, ra%aloping Silo,- Iflcotlons

and preporing fabrication dlassings.

Developn,c • nt,''Vetification Testirnl: S01,11 collector pelfolrllon.'e • varifi-

Cation sill be achiever via tasting a nominal 100 ft  collector alloy

in,how'nted in occordonce with NRS'ASTM rac,• nvnanr,,ti,lns and

testod in occoldanca s. ith Cllt y , io being des (loped by ASIIRA[ mid IWD

An I'narlly T1,111spolt Morale, ^LTM), mechomcolly and electric.lily corn-

Plata sill be fabricated, te'stad and sent to the Under'sliter's 1,11V1,001 it's

for sofcty velificotion.

f irl,ll Sptanl Specificotion_ A finol systa ,rl	 be davel-

.,pad	 selection of the opt- ollonol test sitar by the gcselnn slit.

Inst,ll lot loll DI owin,1s:	 II`,tIIIIIItILII) d I ol %ill,Is sill I I I . ,iavel,"I fI rd sshrn

the f in,ll S ) sterr Specif;--Ition is comple•tod.

Plototyye Haldwaie FoblicaHon: Relcosc • of ,ll,lwin,ts for f,iblic,,tioli

sill be .i. na ssh,'n ,111 .t•r: ific,^tior s ,,'c fin,lli: r,l onr the F i.It.,t)pe

5N •tarl1 is III • f.Ioved.	 P101101t;0ll st, ,li('s A III I'a 11"111e to Wit" t the ,Ip-

plooch pros Idlog the Fast ,ids Otlt,l)es.

Instltll,,ti,^n_Pro^^ssals:	 Pr.'t ".Ils fo r Wst,lliirlg the s)stancs sill be

J(-, rl, • pe'd ufI-On Ia,1u < st Of the	 alnnlent.

1 c,
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C. Identification of Major Problem Areas or Difficulties Encountered:

To date, the primary effort has been in preliminary design and

selection of hardware approaches. Hence, problem solving is

a continuing effort, but at the moment, no major problems or

difficulties have as yet been encountered.

D. Data Submittals:

A list of document submittals is given in Table IV-8, Drawing

submittals are given in Table IV-9.
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TABLE IV-6

SYSTEM PERFORMANCE SPECIFICATION

Specification No,
APPENDIX A
	

Page Date
Page	 of

SYSTEM IDENTIFICATION

This Appendix defines the perforrnance and installation
dr :wings for ( Enter type of system), (Enter Contractor Name),
System Model Number ( Enter M odel Number).

A - 1	 SYS'f k M PERFOAMANCF. SHEETS

Site -

The systein shall be installed in a 	 reside nc e	 in the city of
Tunkhana	 county of	 state of

licatir^ CaF^aciy

The sy:;tern will provide solar energy for _ 4 0 % of the average

total heating load during the heating season based on an average

total heating load of^,YX/OL BTU/Month and a peak heating load
of 26550	 BTU/hr.

TtrZ^zr}nrtrrrrz^iH-p ro ,ti^l^i^nL^r^ uergy-for-_ -----zr o bY_Ctrc vorzbc
CoT,tl-rvuiing-^oZ^<I♦r-^i 6 -L2u^.c.nnlit ŷ .ttt-:t-^en7 -fix►-ci-oa-an ^u0r^tge
fv'C^1 - t U73lir1ViM-]-of------B -I-jMuTrt IT- arrcl-ri 	 -C^ooLlrL;}ln.1d
-f ---------- Wftt-f hr.

Auxiliary Energy

The avcragc rate of auxiliary energy used fo: heating sh._11 be no
gro.tter tl,:i	

Hrn^/. ^^i-O BTU/Month of the total energy required for
heating, including hot w,tter. This shall he no greater than ___60 50
of the total ,^.nergy rcquir , 3 for hc,lting. The average rate of
at -xilinry^enerl y	 fn	 1ng--d,rrinb the-c-fo4ing-ec-Ht-(+m-&19a41
tV - na - grir11-Urttrnr ---- - --- }}-'}^3fh!c^nf4.---1'hie-sl•R^l^,e cj ^reR4er

r1Trn-------- --- %7vf-H-T Pat-ci-ern-r-t p-r4r,11irtY1-fhr-er-cding.

* Based on 6254V), 60 F Design temp., 8 mos. heating season.

ORIGINAL PAGE lb

pE POOR, QUALi'fY
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TABLE IV-6, continued

SYSTEM Pf,RFOR% kNCF SPECIFICATION

Specific.ition No.
Pago Dato	 --
R1 go	 of

Hot Water

40	 gallons of potable for useable) hot water s},all be delivered
at no less than 	 gal/inin at tcriiperahrres no less than _ 120 al•'.
Recovery time shill be no gre.iter th.t 	 2.2	 hours. The average
hot water he.iting lord will be 1.68X/0 BTU/Aiornth of which	 60	 °o

is provided by auxiliary energy.
(75 gal/day w/washer, 3 BR, 1-1/2 bath)

Opc at iS Requirements

The imixirnm ,,i electric.rl energy rerluircd to drive the Nc^l.1 portion of
the system at its rated capacity shall be no great-r Than 	 •45	 K. NY.
The maxirnurrr electrical energy rcquirckl to drive t 'Ne complete ay!rtcm
shill be no gr; tter th-in	 5	 K. NV. The aver gt; yearly el;•ctrical
energy required to drive the nytrtein shall btu no greater then _4400 K. 1V. H.

411"

* Includes operation of furnace fan to distribute air 816vdfor,voter heater.
PI .,ic.tl Rim - Tat , le III

The following subsystems shill have:

Design life.	 no W C161it	 (filled) Instill rtion
_lens than _ no-grc.tter than dir	 c:,. ions

20 y C .1 r.y 200	 lbs	 ETM 25x 3)N48 in.

. yea r lbs
Furn. 30x30 AS in.

20 , ears 2900	 lbs	 Tank 2 x 5x5 ft.

20---- yetre 3000	 lbs 3 x -9--x  5 ft.

20 yca r ----.465— lt,s 2 x-2-x-5 ft. 

IC

20 yea ra 6	 It s/ft 2 l5' x 42' cosh

20 yc.zrs 4.1	 1us /ft'11;r ) N/A

20 yLa rs 25	 c.-i ch N/A

}lc•.iting

COOfhTg

Auxili,zry Energy

Storage

Pot.tble Water
(or useable)

Collector

Fnergy Transport

Controls

(nt)wr)
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