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TEXAS CITY, TEXAS

I. KEY WORD ABSTRACT

Application - ) Domestic Hot Water
Collector Type Flat Plate, Liquid
Collector Manufacturer . Raypak, Inc.

Collector Area 2100 sq. ft. (Approximate)
Storage Capacity 2500 gallons

.Hot Water Load 5.83 x 108 BTU/year

BTU's Produced 3.67 x 108 BTU/year
Building Owner La Quinta Motor Inns, Inc.
Solar System Designer Travis-Braun & Associates
Contractor (Installer) Solar-Dronics

II. INTRODUCTION

La Quinta Motor Inns, Inc. retained Travis-Braun & Associates
to design a solar assiste< domestic hot water system for the new
98 unit La Quinta Motor Inn in Texas City, Texas. The system was
designed to supply approximately 63% of the total hot water load.
The Inn is a low-rise, two story building with flat roof for
installation of solar panels.

III. DESIGN PHILOSOPHY

The Texas City, Texas property was chosen for solar installation

because of the favorable climatic condition and also because electric
hot water heating was specified for this property in response to the
Government's request to conserve natural gas during the energy crunch
of the 1970's. :

The system consists of eleven banks of nine collectors, each
mounted on the roof of the property. Originally, the system was -
designed as a drain down system. But, at the recommendation of the
installing contractor, the design was changed to an ethylene glycol
system. Balancing valves were installed to regulate the flow to the
solar panels. Throughout the system, Pete's Plugs were installed for
temperature and pressure measurements.

Two heat exchanger tube bundles were installed in the 2500
gallon storage for transferring the solar heat to the domestic hot
water system.

A. Collectors

The collectors chosen for this project were ldodel SG-18P
manufactured by Raypak, Inc. A total of 99 collectors were used.
The collectors were supplied with Model PR-18 Solar Panel Rack Kit.
(See attached sheets on Raypak collectors.)
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B. Storage System

A 2500 gallon insulated vertical steel storage tank was
located outdoors next to the Inn's cooling tower. A temperature
sensor was installed in the storage tank for control function. To
improve heat transfer between the heat exchangers and stored water,
a 1/12 HP Grundfos recirculating pump was installed.

C. Heat Exchangers

Two heat exchanger tube bundles were mounted into the
storaga tank. The upper heat excharger which served to extract
heat from the storage tank to the domestic hot water system was
sized for 100 grm at 10°F temperature rise. The lower heat exchanger
which served to transfer heat from the solar collectors to the storage
tank was sized for 51 gpm at 10°F temperature drop.

A solution of ethylene glycol was used as heat transfer
fluid between the solar collectors and the lower heat exchanger.
With the use of the upper heat cxchanqger for the domestic hot water
system, a double wall separation was acaieved between the domestic
hot water system and the ethylene glycol.

D. Pump and Contrcls

Two solar loop pumps, cach sized for 100% of the solar
system requirements were installed. The pumps are controlled by a
temperature differential controller with an alternator for equal
usage of the pumps.

Iv. OPERATION OF THE SYSTEM

The system was put into operation in the summer of 1978.
Except for a few minor leaks in the piping and control adjustments,
the system performed as designed and has been operating satisfactorily
since then.

V. PROBLEMS ENCOUNTERED AND SOLUTIONS

The winter of 1378 was unusual for the area in that there was
an extended period of cloudy sub-freezing temperature. To avoid any
possibility of freezing the insulated 3/4" storage tank recirculating
line, the control of the 1/12 HP Grundfos recirculating pump was
modified so that it is also activated when the ambient temperature
drops to 32°F or bhelow.

ORIGINAL PAGE IS
OF POOR QUALITY



VI. PICTURES OF FINAL INSTALLATION

lar Control Panel-

-Solar Pumps-






APPENDIX A
ROOF PLAN/SOLAR
FOR
LA QUINTA MOTOR INNS, INC.

TEXAS CITY, TEXAS
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October 29, 1980

National Aeronautics & Space Administration
Commercial Demonstration Office

Solar Energy Applications Projects

George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama 35812

Attention: Mr. Douglas W. Westrope, Jr.
Project Manager

Subject: La Quinta Motor Inns, Inc.
Texas City, Texas #533
Solar Installation

Dear Doug:
Attached is the final report on the above subject
installation. Original tracings of drawings are

included for your use.

Please call me if you have any questions.

Sincerely,

CLlm. .

Ronald Wang
: Mechanical/Electyical Engineer
Development DivAsion

RW:cs
Attachments

cc: Martin Carson/file

B U.S. GOVERNMENT PRINTING OFFICE 1980—-740-066/264 REGION NO. 4

Devnlopment Division

Century Building  P.C Box 32783 » San Antonio, Texas 78216 » 512-349-1221
D-6
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I

GENERAL DISCUSSION

This is a closed solar system utilizing two heat exchangers to
transfer heat from the solar collectors to the domestic hot water
system. Please refer to attached schematic drawing of the solar
system.

P-1 and P-2 are solar loop pumps that circulate a solution of
30% ethylene glycol and 70% water between the solar collectors and
the heat exchanger, HX-l. Only one solar loop pump is needed for the
system operation, the other solar loop pump serves as 100% standby.
The solar loop pumps are controlled by a temperature differential
controller which starts the pump when the temperature at the solar
collectors is 20°F higher than the temperature in the 2500 gallon
storage tank. The temperature differential controller will deactivate
the solar loop pump when the temperature at the solar collectors is
not more than 3°F higher than the temperature in the 2500 gallon
storage tank. An alternator alternates the operation of P-1 and P-2
for equal usage.

P-3 is a recirculating pump to improve the heat transfer
between the heat exchangers and the stored water in the 2500 gallon
storage tank. P-3 is interlocked with P-1 and P-2 so that if either
P-1 or P-2 is activated, so will P-3. 1In addition, P-3 will activate
when the ambient temperature is 32°F or lower.

Whzen the temperature in the 2500 gallon storage tank reached
a minimum of 15°F higher than the temperature of the water in the
750 gallon water heater, the temperature differential controller
will activate pump P-4 to transfer the heat from the 2500 gallon
storag? tank to the building's hot water system. Pump P-4 will be
deactivated when the temperature in the 2. ) galion storage tank is
only 5° h .gher than the temperature of the 750 gallon water heater.

P-5 is the usual hot water recirculating pump of the building's
hot water system.

Mixing valve, V-1 i¢ set to prevent the temperature of the hot
water supplied to the building from exceeding 1400F.



II

MAINTENANCE REQUIREMENTS

Once a Week:

Check fluid level in the solar systam expansion tank.

If low, add a 30-70 mixture of ethylene glycol and water
to the system. CAUTICON: NRVER ADD PLAIN WATER TO THE
SYSTFM.

once a Month:

C.

Wash glass surfaces of the solar collectors using a mild
datergent solution and a soft brush. Thoroughly rinse
with clean water.

Check temperature differential controllers and alternator
for proper operation.

Check for fluid leaks from collectors and piping.

Once a Year:

a.

b.

Check pump seals for leakage.
Draw a sample of heat transfer fluid from the solar system

for analysis and determination of any action needed to
provide maximum corrosion inhihition.

B-4
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BULLETIN 3408

340 SERIES
SINGLE STAGE
END SUCTION
PUMPS

CAPACITIES TO 1900 G.P.M

HEADS TO 360 FEET
TEMPERATURES TO 225°F
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ENGINEERING SPECIFICATIONS
AND DIMENSIONS

FLEXIBLE-CLOSE COUPLED PUMPS wors ) Lo
The contractor shall furnish (and in- A mwianss o 5 omes 4 mes 1
stall us shown on the plans) Aurora et b o )
Mode! (341A horizontal close cou- e ot
p'ad) (342A vertical close coupled)
{344A horizontal flexible coupled)
back pull out centrifugal pumps size

X o X of (bronze fitted) (all
iron) construction. Each pump shall

SUCTION

e range charts

have a capaciy of GPMat . . . ft. PAtal TATA & JATA Mave N ke fiane

Mo JAA bave ame motirs

total head. with a temperature of

) 8 specific gravity and
structureborne sound level not to ex-
ceed . ADB. Each pump i1s to be
furnished with a mechanical seal with
all metal parts to be 303 stainless
steel with “"Buna-N"" elastomers, Ni-
Resist seat, and carbon washer. The
Jnit must be equipped with (bronze)
(stainless steel) keylocked shaft
sleeve that extends the length of the
seal box. The pump shaft extension
shall be 0" ring sealed from the
pumped liquid. Pump shall have a
case wearing ring (impeller wearing
rings). Impellers to be vacuum cast, PUBPS WETH, THREAGED, CONNECTIONS

dynamically balanced. and keylocked PUMP SIZE -
PUMP

—— N ————

1o the shaft suc. casg WHGH! X Y 2 e oo FRAME | FRAME 20/ 3
am 2
FLEXIBLE COUPLED PJUMPS (344A) piscH. Tion Bore '™ LBS ‘n’,',. S :: woowe v |
Pump and motor are to be mounted on MR LR T 2 SIA 2706 4306 41506 S306 43 91F 334 1
X 174 11,2 9 7 65/8 2816 538 63 38 EINT
a common (fab.steel drip rim) (steel) 1122 1 s SIMI12 &sd6 Sis  SiA e osis 4184 |
baseplate. The shaft is to be steel. in- == !! S 6 BJAISR 517 65106 €506 i $378 10516 418 4 ‘
112 2 1 i1 KRE ) it I16 § LI | 478 3:? 10 4184
stalled in a cast iron power frame. PUMPS WITH AM STD 125 LBS FLANGED CONNECTIONS
Pumps shall have a shaft design for 3 212 1 B8 OSSR LR 4906 SIE S13lE 418 SIS1E 1176 4 1
" E, 2477 9 S ‘ 178 8 113 ] ] SR 11 1t el 5
002" deflection at the seal face with i A b i § DR yuasalie s 4 2 i3 Mg
the pump running under max. load A . w'n e 2 S n R 2 Y116 JAvA 16 3 8
condition. (Grease) (oil) lubricated 2122 3 ! 182 8178 : 7i8 B3Is 814 5178 618 e & 8
] L 5 04 1.3 18 61 8 D LB 618 il |6 & [
ball bearings. having a 3 year min 3 ' 1 158 817218 7516 8716 K18 16 5178 614 1411716 6 y
lite (AFBMA B .) under the max.con- < s on 1 Shie il e S : 3718 gl :1. - 41516 ¢
5 33 14 318 & 138 : Y
dition of load protected by separate . 5 9 133 734288 658 K16 KLl $3 638 161116 ¢
1 S 12 17t B14 758 15 §7K 9 1t 3 1 [}
oil seals and slingers. shall be used. . . 1> 19§ '8 B _' 914 " 3 : - -
IS » y & & S ied 81434 7 £ bl 3 1 5
The pump shall be fiexible coupled to ot - S B st sDs BiaES . L .
a standard horizontal NEMA HP Not avalable in Models 181 and 3424
phase Hertz volts . PUMP  BASE WEIGHT HA NB NN POWER FRAME 1 2 ]
MODEL NUMBER INPOUNDS 3 y
RPM (drip-proof) (totally enclosed) : = . P LA L o ‘ L
| 100 TR i 1 1 - e
(explosion-proof) motor. Alignment J42A 1o 1 4 j 1 nm
\ 'S5 S 5 G * 3
shall be checked in accordance with Lt ' : bz W s IR G
the Standards of the Hydraulic Insti- P HORSIPOWER  MOTOR PUMP MODEL 341A & 3424 { i L‘
PUNP mOTOR .o 1750 wiicHT [N BASE NUMBER
tute after installation and there shall MODEL FRAME oo RPM N LBS A 8 AC
be no straintransmitted to the pumps a4a 56 131234 %
CLOSE COUPLED PUMPS (341A) l':\ - [ 3 S 1A iﬂ
~ ~ «3 L} 3 8 L} i i
CLOSE COUPLED PUMPS (342A) —p= ia 1801 5 3 s 914 08 1 T
At aty e ’
Each pump is to be close coupled to il il N 3 Sy S v T +
a standard HI-NEMA-JM HP a2l 1 10 144 10-1 5 15 18
1)) By 15 217 121 03 4 12 | i
phase Hertz volt RPM 2561 2 20 246 12-1 121 19 i
{Jdrip-proof) (totally enclosed) :::\ = e} lq "
{explosion-proot) motor. Model 61 30 151 e
& o RIS 0 3151 N
341A in motor frame sizes up to M o pre - = :
84IM s ' 5 'd by a se,: A1S 80 'TH "
184JM shall be supported by a sepa e 2 5 e :
rate support footon the pumpbracket WIS 78 80 625 n

| T2 AURORA PURNP

A UNIT OF GENERAL SICi. /!

BOO AIRPORT KOAD-NORTHAURORA ILLINOIS - 6054 o

SALES OFFICES IN ALL MAJOR CITIES AND NTHIES

Refer to  Fumps o the yellow pages of y ' Y

MANUFACTURIN FACILITILS ARE LOCATED IN THE

FOLLOWIN NORTM 2 BRA ILLINOIS « (C1TY OF

DUSTR A 3 « AR A ® A

‘ R " INDUSTRY R tR | ANGILES AlLVFORNIA

- 3 - - ‘f"&, 1t Dept No A N . . =

1 . '\ { X Cable Addiess NYARINIT
o r N b, " N~ ¥ O he Tiade mark AURORA 13 registered in U S Patent Office



ELASTOMER PARTS, NI-RESIST SEAT AND
CARBON WASHER
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1750 R.P.M. . -{ INDIVIDUAL PERFORMANCE CURVES
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MATER!IAL OF CONSTRUCTION LIMITATIONS
MAXIMUM LIMITATIONS BASED ON STANDARD
PUMP PART BRONZE FITTED ALL IRON MATERIALS AND PUMPING CLEAR WATER
CASING CAST IRON CAST IRON T il
ASTM A48 ASTM A48 CLOSE 00P 25°
PSS S — A _HORSEPOWER e
CASE WEARING RING BRONZE CAST IRON MR Np, cumm TS 20
ASTM B62 ASTM A48 1AL 1750R P M Sl
e — e - — ~ 60H.P FRAME MOUNTED 51
IMPELLER BRONZE CAST IRON e e Sk b
ASTM B584 ASTM A48 SERMARTONLT T s
—— = S - T e FRAME MOUNTED 228
MOTOR BRACKET CAST IRON CAST IRON e =
- ASIM A48 ASTM‘Adg HYDROSTATIC i"t'g l;qn{[’l;g:?s 265
SHAFY STEEL STEEL TEST PRESS.- s BORE PUMPS 265
AISI C1045 AISI C1045 1T Lo ,
SLEEVE BRONZE STAINLESS STEEL - s "
. —— W _T
POWER FRAME (344) CAST IRON CAST IRON PRESSURE peer e
- - 7_______‘55_""7{4_8_'7— ASTM A3 - P 1 Dok b lAkcen s
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SERIES 60
the extra quiet

in-line pump for general services

BELL & GOSSETT L'T"
FLUID HANDLING DIVISI
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Discharge Gage Tapping
(7n side opposite)

Seal Assembly
Rear Bearing
Impeller (Enclosed)

Coupler Assembly

Motor Bracket Assembly Front Bearing

Suction Gage Tapping
~

Bearing Bracket Assembly -—_ Companion Flange

) (included)

TAA, 12 AA, 12 AA and 2 AA
construction details

=5}
w
e

¢
M
o

Discharge Gage Tapping \ TR MR ‘
(on side opposite) L2 o

Rear Bearing ! l
Gasketed
Ol Well Cover

Lip Seal

Seal Assembly

Impeller (Enclosed)

Coupler Assembly

Shaft

Vo'ute

Motor Brackel Assembly

Bearing Bracket Assemb, gen suge Taboir

" A and 2A

construction details
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| Series 60 Pumps can be furnished in
bronze-fitted, all iron, or all bronze construction
to suit your application

DOTTED-IN CURVES REPRESENT STOCK PUMP SELECTIONS

Horsepower curves do not include motor service factor.
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CAPACITOR ON % MP &

N LARGER 1 PH MOTORS ONLY:

STANDARD VOLTAGES
Ya HP, 1 PH, 115 Volts. ' to 12 HP, 1 PH, 115/230 Volts. Y 1o %
All single phase motors have built-in overload protection.

Companion flanges furnished for suction ang discharge

: DimenSions FIG. 1 AA SIZES

FIG. 2 A SIZES

5 T —suction

~SUCTION

HP, 3 PH, 200-230/460 Voit:. 1 to 2 HP, 208 or 230/460 Volts.

STOCK DRIPPROOF | SUCTION & DIMENSIONS IN INCHES
PUMP PUMP HOTOR DISCHARGE
MODEL SIZE HP SIZE (NPT) A B C D E
| - 1AA ) ! 1 151, 11 434 64 3%
- 1AA 5 1 b 16'%s 11 43 6% 3%
60-11 174AA Ya 1% | 1% | 11 5 7% | 3%
- 1%AA | Y4 14 | 16 1i 5 7Va 3%
- 14AA 1 Yy 1% o 17% 11 5 7Y% 3%
- 1%5AA Y 1% 16 11% 5% 7% 3%
- 1%5AA 1y 1Y% v 17 11y 5% 7% 3%
60-13 1/5AA Yo 1Y% . 171, 11% 5% % 3%
- 115AA % 1%, | 18 11} 5l % 3%
- 2AA 74 2 16 11% 54 8 3%
- 2AA 1 2 1714 111 5l 8 3%
- 2AA s 2 17% 11, 5% 8 3%
60-14 2AA 3% 2 | 184 111 5l 8 3%
60-15 1A 1 , 11 204 13% 5% 9% 3y
60-16 115A Y% : 1% 2134 13% 5% 91 3%
60-17 11%A 1 1% 193, 13% 5% 9%, 3%
- 1%A 1% 1% 20% 13Y%, 5% 8% 3%
- 2A Y% i 2 21 14 53 9% 3Y%
- 2A 34 ! 2 213 14 5% 9% 3%
60-19 2A 1 ' 2 193 14 5% 9% 3%
60-20 2A 1% 2 . 20% 14 5% 9% 3%
60-21°* 2A 2% ‘ 2 I 213 14 5% 9% 3%

**Not available in single phase.

Construction Materials

FOR PARTS IN CONTACT WITH FLUID PUMPED

Dimensions are approxin ste and not to be used for construction purposes.

DESCRIPTION BRONZE FITTCD PUMP ALL IRON PUMP ALL BRONZE PUMP
Volute __Castiron . Cast lron Bronze
Bearing Bracket ) Castlron B Cast lron Iron with Brass Face Plate
Impeller _ggss Steel (AA)/Cast Iron (A) Brass
Impeller Key Steel “_______J Steel Steel
Impeller Lock Washer Steel N Steel Brass
Impeller Lock Ny_t Brass (AA) _S_t_gel _(f)_____ Plated Stee! Brass
Pump Shaft - Steel Steel Steel
Shaft Sleeve L Ccpper St:..iuas Steel Copper
Sesl Assembly Carbon Seal Ring, Ceramic Seat. Synthetic Rubber Bellows

i and Stainless Steel Spring

C-R
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APPENDIX D

VERIFICATION
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VERIFICATIONS

1. Final Field Inspection:
A team consisting of Jimmy Carter, Ronald Wang (Owner's
Representatives), Steve Huck (Inspecting Engineer), and
Phil Nutter (Installing Contractor) met for final inspection
on November 5, 1979,
The installation was found to be complete and operating as
called in the plans. The control system was checked out and
confirmed to be performing as designed.

2. Data Obtained During Final Field Inspection:

Please see attached sheets.

3. Acceptance:

The installation is considered complete and accepted.

>
L0

Ronald K. Wang 1//
Mechanical/Electrical Engineer
Development Division

RW:cs

Dovelonrert euon

Conte e e PO LN I e e T TR216 « 512-349-1221
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~E TEL. (512) 3491628 ~—

'November 20, 1979

Mr. Ronald Wong

LaQuinta Motor Inns, Inc.
Century Building

P.0O. Box 32783

San Antonio, TX 78216

Dear Mr. Wong:

This letter is sent to you along with the enclosed plan and pictures to
summarize our firms site visit and system analysis of the Texas City solar
system conducted on November 5.

System temperature and pressure observations were recorded on the hour
from 10:00 a.m. to 1:00 p.m. inclusive. The results of those observations,
at various system locations, are included on the plan.

Also included is an energy analysis performed on the system for noon con-
ditions. As the results of the calculation indicate, based on the stated
assumptions, a reasonably good comparison results between the observed
conditions and theoretical solar inputs.

The performed calculation are outlined in detail on the enclosed sheet.
More accurate solar energy insolation and pump performance would of
course allow for a more accurate determination of the calculated temper-
ature rise. With the available information though a sufficiently good

comparison does result between the calculated and observed collector per-
formance.

For this reason, I definitely feel the solar collector array is performing
as it should.

Yours very truly, : 7?

Steven E. Huck
Enclosure

cc: Lynne Judge
Marvin Ruben

k 3355 CHERRY RIDGE SUITEZ—ﬁr_, D3 SAN ANTONIO, TEXAS 78230~
!
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CALCULATION OF THEORETICAL SOLAR ARRAY PERFORMANCE

Solar Insolation available based on assumption that Texas City insolation

on Movenher 5 does not deviate siznificantly for insolation values fer 320
Morth latitude and a 320 collector slope. From ITT's "Solar Systems Design
tanual" insoiation values for October 21 and November 21 are 320 BTU/sq. ft.-
hr. respectively. Assume November 5 is average of two or 312 BTU/sq. ft.-hr.
Also assumz a 10% reduction in solar energy available due to Texas City haze,
therefore estimated incident solar energy = 280 BTU/sq. ft.-hr.

Average collector plate temperature at noon was
((171-166)/2§ + 166 = 1690 F

Recorded anbient temperature was 750 F

Determine collector efficiency from Raypack literature based on 1,2 & 3
ahove or (169 - 75)/28C = 0.34 for a collector efficiency of 40%.

Total collected encrgy per collector
= 280 8TU/sq. ft. - hr. x 0.4 x 17.3 sq. ft. = 1940 BTU/hr.

Aurora pump curve based on noon pump conditions indicates flow rate at
approximately 60 gpm.

0.61 gpm/collector
37 gph/collector
305 1b/hr/collector

1940 BTy HR LB OF = 6.40 F
5 (8 MR 1 BTU

60 gpm/99 collectors

Temnerature rise recorded at noon was 59 F.

Therafore a sufficiently accurate comparison indicates collectors to be
performing as required.
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October 29, 1980

National Aeronautics & Space Administration
Commercial Demonstration Office

Solar Energy Applications Projects

George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama 35812

Attention: Mr. Douglas W. Westrope, Jr.
Project Manager

Subject: La Quinta Motor Inns, Inc.
Texas City, Texas #533
Solar Installation

Dear Doug:
Attached is the final report on the above subject
installation. Original tracings of drawings are

included for your use.

Please call me if you have any questions.

Sincerely,

CLlm. .

Ronald Wang
Mechanical/Electyical Engineer
Development DivAsion

RW:cs
Attachments

cc: Martin Carson/file

B U.S. GOVERNMENT PRINTING OFFICE 1980—-740-066/264 REGION NO. 4

Devnlopment Division

Century Building  P.C Box 32783 » San Antonio, Texas 78216 » 512-349-1221
D-6
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