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INTRODUCTION

The Quarterly Status Report (Data Requirements Item No., 500-10) provides a summary of the
cost, schedule and technical progress of the program. Since it includes and extends the in-
formation included in the Monthly Status Reports (Data Requirements Item No. 500-11) it also
meets the contract requirement of a monthly status report. It is supplemented by the financial
status report (Data Requirements Item No. 500-27) submitted under separate cover.

The report format is:

Part ] -  Summary
PartII - Cost
Part III -  Schedules

Part IV -  Technical Performance '

The report is integrated with the program management systems being used on the program,
so, where possible, multiple use of program data such as schedules or financial status re-
ports has been accomplished. } '



PART 1

SUMMARY

l.1 Costs

This section has been deleted

1.2 Schedule

The working program schedule is posted on the walls of the Program
Control Room and is used to monitor program stétus at daily "stand-
‘up" meetings. Reviews with GE management are held in the Control
Room to take advantage of the detail schedule data base. A summary
schedule-is éhown in Figure 1-1.

The GE/NASA meetings held this period were the Quarterly Review,
and a 3-ton Prototype Desiygn Review on August lO'and 11.

The Installation Acceptance Reviews were held on July 20 for
Spokane, Washington and September 7 for Normal, Illinqis,.for'the"

~

purpose of officially releasing the heating systems to NASA/MSFC.
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AAGE/NASA working meeting was held in Huntsville to di%cuss-cosf

growth options on July 19, 1978. On July 25, another meeting re-
lative to cost was held in Washington &ith DCE, NASA and GE. As

é result of the meeting in Washington, a hold was placed on the

second 3-ton and the 10-ton units. Decision on final option is

!

still pending.
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1.3 TECHNICAL PERFORMANCE

1.3.1 - PROGRAM MANAGEMENT
Program direction continued per plan.

1.3.2 - DEVELOPMENT .
- There was no significant activity in the analysis and inte-
gration sub-task.

TC-101 collectors, including coilzak and Alglas reflectors,

completed the performance test at Valley Forge.

.

Due to funding limitations, essentially all design,énd procure-
ment activity was discontinued for the REH-100. Engineeriné and
fabrication effort has been restricted to one REH-30. Low level
drafting effort continues during this quarter with emphasis on
the completion of the REH-30 top level assembly drawings.
Fabrication and testing of several key components for‘the REH-30
was completed.. |

The two-stage multi~vane expander for the REH-30 was tested for
the first time this period. Test results were generally good
with the exception of expander efficiency, which is discussed in

more detail on Part IV. Development testing of the feed pump was

also, underway this quarter.

1.3.3 - DELIVERABLES
An initial shipment of hardware collectors EMM and associated
hardware was delivered to Ft. Meade. Shipment of hardware to

Milwaukee site will commence in the next duarter.

1.3.4 - OPERATIONAL TEST

Two additional sites for potential use were identified this

i
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quarter. Thé first is a single-family residence in
Shenandoah, Georgia and the second a TVA building in
Murphy, Nbrth Carolina.

System design has been completed for the Milwaukee site and

the final Design Review was held late September.



PART I
COST

This section has been deleted



PART III

SCHEDULES

Summary program schedules are shown in Figures 3-1, 3-2, and 3-3. These schedule
data are extracted from the detailed program working schedules posted in the

Control Room at Valley Forge.

Figure 3-1 is the summary key events SChedu]e. A GE/NASA working‘meetinb was held
in Huntsvi]]é to discuss cost growth options on July 19, 1978. On July 25,
¢another'meeting relative to cost was held in washington with DOE, NASA and GE.
Decision on final optibn is still pending. Other key meetings for the period
inc]uded é Prototype Design Review, a Quarterly Review on August 10 and 11 and
~the IAR for Normal, I11. on September'G.‘ The Design Review conéentrated on the

3-ton system only.

Due to funding limitations, essentially all design and procuremenf activity was dis-
continued for the REH-100 this period. Engineering and fabrication effort has
" been restricted to one REH-30. Low level drafting effort continues during this

.. quarter with emphasis on the completion of the REH-30 top Jevel assembly drawings.
Fabrication and testing of several key components for the REH-30 was completed.
Migure 3-2 is the schedule for the WBS elcments.

Figure 3-3 shows the data deliveries. During this period, all scheduled software

deliveries were completed.

I
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SECTION I

TASK 1.1 - MANAGEMENT

1.1 ‘Program Direction (WBS 1.1.1)

During this period program operation continued in the manner established during
the initial quarters. The program team shown in Figure 4-1 is the same aSz

shown in the last quarter.

The GE/NASA meetings held this period were the Quarterly Review, and a 3-ton

Prototype Design Review on August 10 and 11.

On September - 7, 1978, the Installation Acceptance Review was held at Nbrma], ni.

to release the heating system to NASA/MSFC. A set of action items remains to be completed.

A GE/NASA working meeting was held in Huntsville to discuss cost growth options
on July 19, 1978. On July 25, another meeting relative to cost was held in Washington
with DOE, NASA and GE. As a result of the meeting in Washington, a hold was placed

~on the second 3-ton and the 10-ton units. Decision on final option is still pénding.

1.2 Program Planning and Control (WBS 1.1.2)

1.2.1 Program Control

The basic program control. tool being used on this program is the control room. It
Was used during this period to schedule key milestones and prﬁgfam activities and
monitor their status. This control room represents the official program schedule
against which GE's technical status and progress is monitored. The scheduled data
required for the monthly, quarterly and management reports is extracted from the

control room posting. The schedules in the control room include the overall pragram
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summary with detailed task schedules on the side walls. The individual task
sections of the control room schedules are monitored and maintained by the respons-
ib]eAtaék‘leaders. Program status meetings are held frequént]y (3 to 5 times per
week) to follow hardware items. Problems involving interactions are identified

and resolved at these meetings by the assignment of action items which are posted

and monitored in the control room.

In the budgets area, the program was monitored on the basis of the revised profile |
presented in this quarﬁer]y report. Overall budget results are analyzed weekly -

and are available on a continuing basis for inspection by management.

1.2.2 Data Management

The scheduled data submittals completed during this period were as follows:

Data Requirement No.

-10 Quarterly Repbrt No. 8

-N _ Moqﬁh]y Status Report (2)
17 I0M Manuals

-26 Financial Management Report -

Monthly (2)

-27 Quarterly Financial Report

1.2.3 Change Control

The status of Change Proposals is given in Table 4-1. )
The status of the Control Modifications is given in Table 4-2.

1.3 Quality Assurance

1.3.1 Significant Qualily Assurance Activities

None this period.



This page has been deleted.
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SECTION 2

N : TASK 1.2 - SYSTEM DEVELOPMENT

2.1 INTRODUCTION
2.2 System Integration
No significant activity this period.

2.3 System Development

2.3.1 Heating Systems (WBS 1.2.2.1)

2.3.1.1 Collectors (WBS 1.2.2.1.1) (TC-100)

2.3.1.1.1 Collector Design and Performance Verification

No significant activity this period.

2.3.1.1.2' Collector Integration

No significant activity this period.

2.3.1.1.3 Collector Primary Loop

The specié] oxidation tests on copper serpentine segments have been temporarily
suspended due to equipment (furnace, etc) availability. A second cyclic test

facility is nearing completion.

A commerically available 'diverting valve (V4) has been identified and shall be

used as applicable.

2.3.1.1.4 through 2.3.1.6 Ancillary Components for Heating,Systems

No significant activity this period.

4-6
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fiuid inlet temperature. TC-100 test data is also shown for proof of interchange-
abi]ity between the 10 shroud and 8 shroud modules. The Alglas reflector units -
show a performance advantage. A switch-over to Alglas will occur when the present

Coilzak stock is depleted,

2.3.2.2 through 2.3.2.6 Ancillary Components for the Heating and Cooling System’

Componént épecifications were'updated and modified to satisfy the TC-101 require;

ments for heating and cooling systems.

2.3.2.7 Cooling Controls Subsystem

No significant activity in this time period. Changes to the current system design

~will only occur if indicated in the 3-ton or 10-ton Rankine heat pump componeni test.

2.3.2.8 Electrical Subsystem

No Significant activity in this time period.

2.3.2.9 System Integration

~

No significant activity in this time period.

2;3.2.10 Cooling Subsystem :

Due to funding limitations, essentially all design and procurement activity was dis-
continued for the REH-100. Engineering and fabrication effort has been restricted
to one REH-30. Low level drafting effort continues during this quarter with emphasis

on the completion of the REH-30 top Tevel assembly drawings.

Fabrication and testing of several key components for the REH-30 was completed. Test

results are discussed below.

2.3.2.10.1 Expander, Two-Stage REH-30

The two-stage multi-vane expander for the REH-30 was first tested on September 21 with



FC-88/Krytox 143AD oil as the working fluid. Test results were genefai1y good
with the éxception of expander efficiency. During a seven hour testing period,
expander speed cerred the range of 0 to 2200 rpm. Maximum vapor temperature and
pressure into the expander was 285°F énd 270 psia respectively, at design vapor
flowrate of 1094 1b/hr. While the inlet temperature was_SoF below desién point,
pregsure was 10 psi above design poiht. Output power was below design point since
internal expander clearances and expander lubrication techniques were.not optimized.'
Vane pressure balancing, noise level, and low speed tordue characteristics were

satisfactory. .

Inspection of the expénder after disassembly indiéated slight vane damage due to
foreign debris, and slight interference rubbing of the first stage rotor. Evidence
of insufficient first stage lubrication was indicated. Expander and test facility
modificaions are being made for the resumption of testing. Figure 4-3 shows the

major components of the REH-30 two-stage expander.

2.3.2.10.2 Expander/Compressor Coupling

The -over-running c¢lutches, magnetic drives and Inconel 718 drive partitions for

the REH-30 and REH-100 have been received. festing of the REH-30 magnétic drive at
room temperature and at 190%F has been éomp]eted. Static test%ng and dynamic test-
ing up to 2200 rpm has been completed for the REH-30 magnetic drive. Teét results
‘show a magnetic drive efficiéncy of 99% and a 22% safety factor on forqué capacity
+at design point.conditions. Testing of the REH-100 magﬁetic drive is planned for
next quarter. Figure 4-4 shows the . key components of the REH-30 magnetic drivg,

and Figure 4-5 shows the magnetic drive on test.

2.3.2.10.3 REH-30 Feed Pump

Development testing of the pump has been underway for most of this quarter. Except

/
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FIGURE 4-3.

REH-30 TWO-STAGE EXPANDER
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FIGURE 4-4.

REH-30 MAGNETIC DRIVE
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FIGURZ 4-5.

REH-30 MASNETIC

DRIVE ON TEST



for power consumption, performance of the pump has been satisfactory. As of

FW-39, 800 hours of time have been accumulated with the last build-up accounting
for over 600 hours of continuous running. During this brief endurance, there has
been no Toss of volumetric efficiency. At the present time, the power input is

400 watts as compared to a goal of 254 watts at design flowrate and pressure rise.
Pump components (thurst bearing) are being modified to reduce the input power level,.
These components will be tested early next quarter. Figure 4-6 shows the REH-30

pump on test.

2.3.2.10.4 Heat Exchangers

Fabrication of two REH-30 regenerators has been completed and fabrication of two

REH- 100 regenerators are 90% complete. Two REH-30 and two REH-100 "Heliflow" vapor
generators have been received. Thermal insulation is to be applied to all four heat
exchangers. The REH-30 expander test facility contains a "Heliflow" (Graham Mfg. Co.)
vapor generator. During the seven hour expander testing discussed above, this vapor

generator performed satisfactorily.

The REH-30 plate-fin outdoor condenser coil was received and installed in the REH-30
outdoor unit. This coil and fan system was air flow tested at Lau Industries. Test

results indicated a 25% lower fan power than was predicted at design point conditions.

2.3.2.10.5 Compressor

Calibration testing of the first REH-30 compressor was completed with good results.
Measured adiabatic efficiency for this compressor is 83% as compared to the design

objective of 76%.

2.3.2.10.6 REH-30 Packaging

Upon completion of air flow testing at Lau Industries, the REH-30 outdoor unit was
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FIGURE 4-6.

REH-30 FEED PUMP ON TEST



shipped to GE-ACBD, Tyler, Texas where the compressor and other heat pump components
were installed. Testing of the heat pump with the electric motor deive was con-
ducted in both the heating and cooling mode. A 110°F condensing temperature for

a 95°F day was achieved, and a cooling capacity of 37,100 Btu/hr was obtained with

an EER rating of approximately 11.
A more detail test report will be prepared including cooling and heating data.

The REH-30 indoor and outdoor units were received at GE-Space Divison, Valley Forge,
PA on 9/27/78. During the next quarter, Lhe Rankine engine components will be

installed to complete the REH-30 sub-assembly.
2.4 Test

2.4.1 Low Temperature Rankine Component Test Loops

The 3-ton "B" test loop facility is now fully operational. The facility is capable
of testing the new two-stage expander using FC-88 as the working fluid and Krytox

oil as the lubricant. Higher temperature water is available at the vapor generator,
320°F as compared to 295°F previously. Higher range temperature and pressure sensors
were installed to be compatable with the new operating conditions. Figure 4-7

is a schematic representation of the expander test facility.

The design effort is well underway for upgrading to 10-ton expander test facility.
Figures 4-8 thru 4-12 depict the components, interconnecting piping, valves, flow
meters, torque meter and support stand for the 10-ton expander. The shaded areas
presently exist and the unshaded area represent new piping, components, sensors etc.

It is planned to complete the test facility modifications during the 4th Quarter 1978.
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SECTION 3

TASK 1.3 - DELIVERABLE HARDWARE

3.1 Normal, Il1.

Delivery of all hardware completed.

Delivery of the modified controls hardware was the last item to be shipped.

3.3 Milwaukee, Wisc.

The initial shipment of collector frames and associated hardware is planned for
October 27, 1978. The controls, V4 valve, V5 valve, control sensors and hydronic

coil are scheduled for mid-Novmeber and the glass shrouds will follow.

3.4 Ft. Meade, Md.

The initial shipment of hardware, collectors, EMM, and associated hardware, were

shipped September 25, 1978.

The remaining components, i.e., tanks, Solar Integrators, V4 valves and DHW coil will
be shipped by October 19, 1978. Glass shrouds will follow on November 17, 1978 to

complete the delivery.
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" SECTION 4 L

TASK 1.4 - OPERATIONAL TEST SITES

4.1 SITE IDENTIFICATION ‘

Two additional sites were identified for pdtential use, but neither has been
visited to date. The first is a sfng]e-fami]y residence in Shenandoah, Georéia
being Bhilt under sponsorship of Georgia Power.Co. The house as designed, will
have too low of a load. Georgia Power has agreed to use standard construction
\techniques for one house to provide the required load. The second potential site
is a TVA building in Murphy, North Carolina. The building is still in the con-

" ceptual design phase.

A summary of the site candidates that have been visited is shown in Table 4-3.

The status of .the operational test sites is given in Table 4-4.
. /7

4.2 SITE INSTALLATIONS

4.2.1 Normal, IT1., HSF-2 (07S-32)

The system was brought up to a operational status with a changeover of valve V4
and replacement of the Solar Integrator with the permanent unit. The data system

for the site malfunctioned over a portion of this period.

At

A test to evaluate potent1a1 elimination of the heat dump was scheduled for the end

'

of July. Cloud cover obscured the sun after 10:00 A M. on 8/1/78, and the test cou]d
not be concluded.. The TES tank fluid was changed, and Puron 84 was added as the .

inhibitor. !
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Table 4-3.

~

Sites Inspected By GE

General City

Bldg. Type . Site
HSF _ Baltimore 7502 Young St., Ft. Meade, MD
HCOM Muscle Shoals TVA Office at Muscle éhgals, AL
HMF ‘Nashville Airman's Quarters, AEDC, Tullahomé, N
HSF Peoria Chanute Air Force Base . |
HSf Peoria MHA; Champaign, Illinois
HSF Peoria ISU House, Normal, illiHOiS
HMF Schenectady MHA, Schenectady, NY
HMF Schenectady VA Hospital Séaff Housing, Albany, NY
HMF Schencctady Ely Park Housing, Binghamron, NY
HCMF Chicago Ft. Sheridan, ILL
HCMF Chicago Great Lakes Naval Training Center
HCOM Madison Hill Farm State Office Bldg., Madison, WI
HCOM i Milwaukee Washington Park Senior Citizens Center
HCOM Milwaukee Washington Park ‘Community Center
HCOM Milwaukee +Dr, Martin Luther King .Community Center . °
HCOM Spokane YWCA .
HCOM Spokane East Washington State College
HCOM - Spokane Commﬁnity College
HCCOM Los Angeles West L,A, Municipal Building
HCCOM Los Angeles Department of Water & Power #1
HCCOM -~ ' Los Angeles Department of Water & Power #2 \
HCCOM A Los Angeles Peck Park Recreation Building
HCCOM Los Angeles Police Credit Union

) HCSF Dallas i President's Home, Univ. of Texas, Dallas
HCSF Dallas President's Home, N. Texas State, Denton, TX
HCSF . Dallas Grad Student Housing at SMU
HCSF Philadelphia Visigor's Center, Valley Forge National Park
HCSF Philadelphia Rental House, Valley Forge National Park
HCSF Philadelphia Ampitheatre, Valley Forge Nafional Park
HCSF Philadelphia Storage Barn, Valley Forge National Park
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Table 4-4,

Operational Test Site Status (9/30/78)

Murphy, NC

Type Site No. Location Date Aécepted by GE Comments
HSF-1 Ft. Meade, Maryland Jan. 19, 1977 Reinitiated April, 1978, after hold
: eriod.
HSF-2 0TS-32 Normal, Illinois Feb. 7, 1977 P v
HMF Tullahora, Tennessee Feb. 7, 1977 Multi-family units dropped from
program verba]]y on April 4 and
documented in minutes of April 4
meeting.
HCoM Muscle Shoals, Ala. “Jan. 19, 1977 Converted to Heating and Cooling
C - Site on 4/20/77%
HCGM-1 Milwaukee, Wisc. May 23, 1977 - Boathouse in Milwaukee identified
: as new site 5/24/78. Martin Luther
. ‘ King Site dropped.
HCOM-2 0TS-36 Spokane. Wash. July 1, 1977 IAR held 7/20/78
HCSF-1 Dallas, Texas June 29, 1978 SMU House recommended by NASA
_ A on 8/15/77
HCSF-2 Shenendoah, GA
HCCOM-1 Muscle Shoals, Ala. April 20, 1977
HCCOM-2 -

* Design activity was on hoid pend1ng th1s dec1s1on

Note:

Great lakes,

I11. was accepted. as & HCMF s1te on 2/7/71.

sites have been droppad from the program

A1 multi-family




The system has beeh operating\properly as of 8/7/78.after Pump P2 had regained
operation since losing pr1me dur1ng TES fluid changeover on 8/1/78." Thé pump was
operat1ng dry and pr1med qtself on Sunday, 8/6/78. The system has been operating
at a 35% to 45% efficiency level at temperatures above 200°F. Some data taken in
late August showed a reduction in collector loop floQ rate over the noon period and
restoration qf full flow later in the afterﬁodn. This phenomenon is systematic of
local boiling in the system, but is not a concern of heating anly systems. This

I

condition will be addressed in the heating and cooling system design.

The Installation Acceptance Review was held on 9/7/78, Action %tems resu1tihg fram
that review were settled by the end of ‘this period except for one replacement of the
fluid actuated V4 on the roof with a mechanically actuated unit. The basis for the
change was that the hydraulic actuator has a low operating temperature limit of 0°F
whicﬁ is not adequate for Normal, I11. winters in a unconditioned unprotected environ-

ment.

4.2.2 Spokane, Wash. ‘

The IAR was held on July 20, 1978 and the system is operating as designed. The pnnl
contamination problem was markedly reduced after removing valves V6 and V7. The re-

~ commended changes in the YWCA system weré implemented and the.prob1em disappeared
completely.

There is a remainihg cdncern with solar heatingvthe swimming pool since 2 to 3 times
as much energy is entering the pool than is cbming from the solar systam. An instru-
mentation check verified that the readings were correct. It is postulated that steam
‘is leaking into the steam converter and addihg the energy difference. Steps are being
taken to verify that suspicion. The action items generated at the iAR and the last
Quarferly Rev%ew have been-settled. System efficiencies are similar to those demon-

strated at Normal, I11.
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4.2.3 Ft. Meade, Md.

The Ft. Meade site is progressing. The majority of the solar equipment has been
shipped and is in the hands of the contractor. The items missing are the new V4

valve and the TES tank. A schedule is presented in Figure 4-13.

4.2.4 Milwaukee, Wisc.

The system design has been completed and the equipment has been ordered. The final
design review has been held on 9/29/79 and a bid package will be available in early

October. A schedule for the installation is presented in Figure 4-14.
4.2.5 Dallas, Tex.

No significant activity occurred in this reporting period on GE's part. SMU has pro-
»mised to provide an analysis of the the loss and gains, but these have not been

received.

4,2.6 Shenandoah, Geo.

This site is on hold pending approval by NASA-MSFC.

4.2.7 Muscle Shoals, Ala. and Murphy, N.C.

Activity on these sites would be premature pending better definition of the 10-ton

Rankine unit. There is no requirement at this time to accelerate the installation

design.
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