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IEA Workshop on Solar Water Heater Tank Design and Rating.
10 & 11 February 1995, San Diego

This report contains the working papers from a workshop on solar domestic hot water system,
tank design and rating. The workshop was organised as part of the IEA Solar Heating and
Cooling program and was held in February 1995 in conjunction with the Task 14 meeting in
San Diego USA. The participants included representatives to the Task 14 program from nine
countries and industry representatives from six countries.

The workshop was originally programmed to address the theme “Searching for a Universal
Tank”. The rationale for this theme was that

¢ The greatest differences in SDHW system designs come in the storage tank/heat
exchanger components

* The creation of a more uniform design could help tank manufacturers to service global
markets thereby increasing the probability of lower cost and improved system efficiency.

As the program for the workshop developed it was realised that there was little enthusiasm for
this theme and a significant number of Task 14 representatives considered that such an
objective was impossible to achieve due to climatic, national regulations and life style
differences between countries.  The information presented at the -workshop clearly
demonstrated that currently there is little in common between SDHW tank design in different
countries. To accommodate the objections to the original theme the format of the workshop
was changed to presentations on tank and heat exchanger design practice and tank and heat
exchanger simulation and rating in each contributing country.

The variation of designs and applications between countries was greater than most participants
had expected. The material contained in this report is a summary of current practice in the
eight countries that made presentations at the workshop. Although the workshop could not
establish acceptable “Universal” designs the information presented could provide the basis for a
future more critical evaluation of tank and heat exchanger design, so that successful design
concepts from different countries could be combined to develop more cost effective solar
water heaters.

The working papers from the meeting are a mixture of overheads used during the presentations
and review papers supplied by some participants.

A summary of the presentations and recommendations from the workshop is available as a
separate document.
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THERMOQOSYPHON SYSTEMS

The majority of domestic solar water heaters manufactured in Australia are thermosyphon

systems based on externally mounted horizontal tanks. The collector-tank configurations used
included:

s thermosyphoning flat plate collectors - direct connection to horizontal tank or
connection through heat exchanger.

¢ thermosyphoning evaluated tubular collectors - direct connection to horizontal
tank..

* heat pipe energy transfer from tracking concentrating collectors - heat pipe
penetration directly into base of horizontal tank.

Horizontal tank configurations include

* Enamel lined steel tanks with direct circulation of the potable water through the
collector. These tanks are expensive for small volume production, but cheap when
volume production is sufficient to justify an automated plant.

e Enamel lined steel tanks with a 360° mantle heat exchanger.

* Stainless steel tanks with direct circulation of potable water through the collector,
suitable for low volume production.
Stainless steel tank size (usually length) can be easily changed to suit different
volume requirements. Stainless steel horizontal tanks (500 mm dia) are made with
storage volumes ranging from 150L to 600L. The 600L systems are installed with
4 or 5 solar collectors for small commercial installations.
Stainless steel tanks are suitable for use with mineralised water provided correct
welding materials are used,

* Plastic tank with a steel support band. These tanks are corrosion resistant and are
anticipated to be cheaper than metal tanks, however production has only recently
commenced.

INTEGRAL TANK-COLLECTOR SYSTEMS

Integral tank-collector systems are made by a number of manufacturers in Australia, the
systems include

* one piece plastic moulded systems (manufacturing process machinery only, no
commercial production in Australia)

¢ integral tank-collector constructed around a steel enamelled pillow shaped tank.
(for export only, no local sales)
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PUMPED CIRCULATION SYSTEMS

Until the mid 1980's pumped circulation systems held a significant share of the market (approx
25%]). These systems were primarily based around vertical enamel lined steel tanks. The
market share of such systems has dropped signi!  1tly due to the lower cost of the externally
mounted horizontal tank systems. However the .uarket share of pumped systems has started to
increase in recent years, possibly due to the acceptance of SDHW systems by consumers who
do not want the visual impact of an external roof mounted tank.

Pumped system tank configurations inciude:
¢ special purpose solar tank based on enamel lined steel tanks.

* adoption of conventional enamel lined steel tanks

HEAT PUMP SYSTEMS

A range of solar boosted heat pump water heaters are manufactured in Australia. The systems
all use a wrap-around heat exchanger connection to the tank

« roll bond unglazed collectors operating as the evaporator in a heat pump system -
connected to vertical tank via wrap around heat exchanger. The tanks used are
enamel lined steel tanks with a wrap-around tubular heat exchanger

INTEGRATION OF SOLAR COLLECTORS WITH CONVENTIONAL TANKS

As Australia does not have major problems with freezing it is possible to retro-fit a solar array
to an existing standard electric water heater. The integration of solar collectors with large
production volume conventional water heaters has taken a number of forms.

Low pressure tank retro-fit

The majority of conventional electric ceiling mounted, low pressure tanks are supplied with
additional plumbing fittings for solar connection (mainly thermosyphon).

Pumped circulation retro-fit to electric tanks.

Conventional electric water heaters have been retro-fitted with solar boosting via a 5 way
plumbing fitting designed for the bottom cold inlet (Australian conventional electric water
heaters use top and bottom plumbing fittings). The major draw-back of this concept is the low
level of the electric booster in the conventional tank. This is not a direct problem if the electric
boosting is limited to off-peak (night time) operation. In the case of continuous boosting of the
electric element a user over-ride switch with a one shot timer is installed.



Some standard electric water heaters are also constructed with an additional upper level flange
for high level mounting of the electric booster and plumbing fitting just below the upper level
auxiliary booster for the collector outlet connection. This tank is ideally suited for pumped
circulation solar retro-fit.

COMMON TANK DESIGN FOR ELECTRIC AND GAS BOOSTING

A number of solar water heater manufacturers in Australia are now producing single tank
systems with integral gas boosters. As part of the development of gas boosting systems the
tank end flanges have been designed so that either an electric or gas boost element can be
inserted into the tank.

SUMMARY

The manufacture of tanks for SDHW systems in Australia has taken a number of routes. One
manufacturer took the risk to develop a high volume production facility and invested in a
special purpose tank production facility for mild steel enamelled tanks. Other manufacturers
have opted for low capital cost tank manufacturing facilities such as thin walled stainless steel
tanks or thin walled mild steel shell with a plastic liner.

The enamelled mild steel tank plant is able to produce low cost tanks, however there is little
flexibility in the production facility. Stainless steel tanks are more expensive however the
production facility is flexible and a wide range of tank sizes and low volume special designs can
be easily produced.

As the Australian SDHW market develops it will be necessary to develop a range of tank types
other than the current external tank thermosyphon system. A possible future development
could be a shift back to integration of solar components with conventional water heaters. To
achieve this manufacturers of conventional elzctric tanks would have to include solar plumbing
fittings as a standard feature in all tanks.

In terms of the original aim of this workshop it could be said that the Australian market has
adopted a “Universal tank design” in the form of the externally mounted horizontal tank. This
design is a low cost solution, however it is not universally accepted by consumers. To extend
the market for SDHW systems in Australia in a cost competitive way it will be necessary to
develop new product types based on the integration of solar components with low cost
conventional electric water heater tanks.
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The Solzhart 180]

K is one of the most

. . 4. High . Proven
efficient closed circuit solar heating systerns Dghmy . Pearformame.
under the sun, Insulation ‘ Maximum absorption of
|| powerful reasons why Solahart is the The cylinderis i : solarenergy isachieved by
world's fastest selling solar hot water system. insulated inis tough ' thetirge collector
1. Stylish Slimfine Design aluminiurmn case by pressure designed to trap more heat
" Theti nes are enhanced with Solahart's injected high density and transfer it efficiendy,
distinctive black trim. polyurethane foam. Your water 9. Solar Glass.
stayshotter — longer, 5 " ] .
. uperior quality Solar Glassis
2. HotWater All Year. 5. SuperiorProtection idi
. tougher, providing better
_F°" thqse fewdaysofthe year when ghere s The 180 litre storage cylinder is protected performance, protection and
insufficient -'_voiarenergy' ahighly efficient fromthe harshest water with not one, but appearance,
booster maintains water temperature, two coats of Primaglaze vitreous enamel plus a .
sacrificial anode, A major breakthroughin 10. Freeze Frotection, )
3. HotWater Technology. corrosion control, Solahart’s exclusive closed circuit
The major technical breakthrough for , , technology isall the protection youneed to
Solahart is the use of a sealed jacket around 6. Carrosion Protection prevent freezingin cold climate areas.
the storage cylinder, This allows the closed The exclusive closed circuit systemalso
circuit fiuid to flow from the solar absorber efiminates risk of the collector plate corroding | L. Exclusive Mutti-Flow Absorber.
panel aroundthe cutside of the storage or clogging from theinside, Greatly increases heat transmission to
cylinder and transfer its heatinto the water T. LooksBecter, LastsLonger. transfer fluid,
storedinthe cylinder. Theresult — hot water Proven premium quality aluminium, used for
free from the sun ready and waiting for your Solzhart's collector casinglooks better, lasts
use. longer.

Solahart

Hot water free from the sun.




Now you've got the best of both worlds. Introducing
Solahart's Natural Wonder. A gas and solar hot water
system rolled into one. Giving you the most efficient, cost
saving hot water system ever made. Think about it. All the
economies of gas plus cost-free days of use from
the power of the sun. All in the one system.
But that's only part of it. Solahart Natural
Wonder glves you the flexibility to increase
solar- savmgs as your hot water needs

increase. It works like this. You can install it with one solar

collector panel and if your hot water needs grow, you can

add another panel to provide exira free days of solar power

Or you can have it as a straight gas system on your roof

to save valuable floor space. Either way you can be

assured of maximum energy savings with
plentiful supplies of piping hot water. So,
don't just think gas or solar. Natural Wonder
| gives you the benefits of both.
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Solahart systems operate on the passive thermosyphon As hot air rises, the fiuld will rise naturally into the tank heat

principle. Sclahart is revolutionary in its use of a closed circuit exchanger and circulate around the stored water, heating
" to provide fallsafe freeze protection. it.

Your hot water is stored in an 80 gallon tank that is lined This circulation is accornplished without the mesd for pumps,
with two coats of vitreous enamel (glass), and is thickly sensors or any moving parts. What could be more effective?
insulated. Asyou know., the fewer moving parts, the less you canexpect

The sun's energy heats the special fluid in the solar collectors. any probiems.

NEW! Stylish Siimline Dasign.
The finas are enhanced with Solahart's
exclusive black tim.

Hot Water Year 'Round.
Solahart systems provide hat water 24
hours a day 365 days a year.

Proven Insulation,
Collectors are insuloted with

fiberglass for maximum heat

retention/performance.

High Denslty Insulation,

The cylinder is Insulated in its tough
oluminum casae by pressure injected
high density potyurethane foam. Your
water stays hotter—longer.

NEW! Solar Glass,

Gur superior quality glass

v is tou i
; gher, providing batter
NEW! Freeze Proiection. " performance. protection
Exclusive closed circuit technology is all and appearance.
tha protection you need to prevent fisezing v
in cold climate areas. NEW! Corrosion Protection.
4 . The exclusive closed clrcuit system also
Superior Protection, efiminates risk of the collector plates corod- Proven Performance.

The storage cylinder is protected from harsh ing or clogging frorm the inside. Maximum absomtion of solar energy
water with two coats of Primaglaze vitreous v is achieved by the large collectors
enamel pius a sacrdficlal ancde—a major NEW! Hot Water ]’echnomgy. designed to collect more heat and
braeakthrough in comoslon control! The major fechnical breakthrough is Solahart's transfer it mofa efficiently.

v use of asealadjacket around the tank. The closed v
Hot Water All Year. cireuit fluid flows from the soiar panels eround the Looks Better —Lasls Longer.

For those few days of the year when there's not outsige of the tank and transfers its heat fo the Proven premium quality aluminium, now used
encugh solar energy, a highly efficient booster water In the fank The result—hot waoter free from for Solahart's collector casing looks better, tasts
malntaing water ternperatura, the sun and ready for use. longer.
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RELIABLE, FREE HOT WATER

Introducing new HotTop. A rugged and dependabie new solar hot water
system from Hardie Energy Products.

Hot water where it’s needed most.

HotTop has been specifically developed for use in more
isolated regions. Typically, in these locations, conventional
forms of power are unavailable. And s0 too is the fuxury of
hot water.

With natural energy free from the sun, the solar powered
HotTop is an ideal alternative for water heating.

Simple and Reliable

The beauty of the HotTop system is its simplicity. It's
compact integrated design consists of two solar absorbing
“pillows", formed within a sturdy insulated box. These
"pillows" also serve as storage containers for 100 fitres of
water as it is heated.

This functional design makes HotTop externely robust and
reliable. Ideal for harsher environments,

Maintenance is minimal since HotTop contains no moving
parts. It cannot overheat and is unaffected by frost.

The affordable solar hot water system.

One of HotTop’s most atiractive features is its afffordability.
Because of the simple design, HotTop costs around one
third that of typicai solar systems.

Of course, once installed, HotTop costs nothing to run and
provides a ready supply of piping hot water whenever the
sun obliges.

If electricity is available an optional booster element and
thermostat can be easily fitted if required.

\ Hardie Energy Products Pty Limited -

| A James Hardie Company

1




- - - Canoa . I T Ll I [T W T T PO R e e e e ubgany
i SPOE b68 (E0) 1 120€ ¥68 (£0) 51 1d INYNORTIW Bunean oiem 10y [RI2OUALIG) PUR SSOLIOD JO SiTOREL Uk 51
1LT +LT(20) X4 881 S28 (£0) ‘Hd INVESTUE sajuedwiony jo dnous spieampsa
gl UV10s L66% 11 (T X4 0048 11 (20) Hd AINGAS _ 2! RALIE

— 10 10T1 45k (60) 53 6661 55F (60) Hd H1uad BLL &
— soio ey umsop, 04T ALd SWILSAS ADYINT SCIRK
ﬂomzﬁm FEL3 TH/L0M D302 K aEa, Suuuesy T e

1Y PEOY UENA 60}

TIiiS IDHI0 QVIH

SSTINIVLS L AVIOS |

uojedissin jgely
pue Jjayjeam Wal 10j08j100

18108 1081040 0] nom:mtm:o“r_: QU W uMOlS S3INjBD) 1Y 0 UONCUIGUISa Do
pajeauur) ssef 1egl s8ai0

‘BoRMNS faued INOHY
V08 8y oo pue ki ybnouy) ssed o) vonelpes ‘B0BLNS pajIRd Y¥IBIG PIBDUBIS 10
J8j0s winlixew smate ) se souguopad jeued BRI HOYHOY INOUN VI0S vouBILIOed

wnwdeo pue Algfes yioq 10; sseje 808 ybnoy uBiy o1 papucy Apesiueyoaw sagny Jaddor

S1800 Buiisoug o

uononpal issleddd ayl vaansus sy eauBwioyad
431BM JOU pUR UGHIE0D ABaus J{0S Wi
sgapueiens yoitpm 90euns Buiquosqe ABiauo Iejos

BUIGH JN0A 3N 0] $4110)09 Jo abuss g4
ubiy Aousoys yby onbiun & 3W0UY VI10S

Buises Jamne |, puoqiojo), aapdesle jak jooidiaye

J91eM Joy

JO S8UUNjoA Blesausl O]

aerd 10108100 By O3y

uoneosyy Jejos joeie o)
a%epns pajued yoeig

‘alenbape aynb Jou si 1ejos uor
8Y) UG J31eM JOY Uhim dn doy o) seis0-

*
uf Jajem Joy sigejese o
0InQIISIP jefoads yim (sinss
WRUIXBW BgXOSE] Ajus .

v

‘vonvsioid jsued aunsus o

sse1f pajeas tsyivam aiqnog

kN

passep
airewoiny Abrau
JO UOISIOX3 8t 0

Fasn 204 Apeal Japuilha ey jo doj ay) 0} sasu
1 aseym yue) 8y} 0] SUINIBI pUE Siesy Y se jaued
8y} dn sast) Jajem sy ABlsua Jejos ayy Aq dn pejesy

. st Bupsooq 2o
81 1 deym sjoued Je|os syl J0 WONOQ BY; 0) YU Moy voydisowssy) _ 1O "
abeioys w”__« 0 Fozon m_:z Eﬁhw sjle} EM;,_ES eyyL SsuXBU! 0) pauicyysod st unja Jojem oH . % yarsouiel
'S||By JOjEM PjOD m._omﬁwa ou s %ou:n.stoo JB{0S BiGENEA OF (0e6
.. WBIIBA0 BIMBIBTILA) JBTBM WINWIXBUI SUNSU3 193008 anjeA jonal ai
BliLm sasIl IBIEM JOY JBY] JNSISIIBIEYD UMO $3INjBU v voneinsuy weo) sueyianAod Ayyenb ybiy Jainssasd pus Japno
1sn[ ‘sured Guiaow Aue Jou ‘siolow ‘sdwnd uodn

|8t 1ou seop 3 "uoydAsowsay i, pajes uouawousyd
UDHO8AUOD [BINJEU B UD SYI0M IBjEsy J8[Em JE(0S 8y}

‘Bupsns woi 1 1oejoic

snoadassell pue sspous [e1oyLoE

sueaLL (efoljiLe annber jou ssop ‘g

SOy oA Jins o] sunojod Jo sbuRI @ Ul siqejEAR BPISU] YIOg UAIS0LI0D ©) JaKIeq 1e/meu

mv_ mog -—-— 30—_.— Buises jaino . puoquojog), anoBMB 194 jooidialyieam ‘ybnoy abeJoig 3815 SSJLIBIS BiE ape
INYHS HOLId QIS S0ET




0515 SWLO0G OSVEGTA2 WY
1O5E 5¥

SHOE pEg (£0) X1
1708 v&8 (£0) Hd
YIZOLDIA

1661 L134T0) ¢y
0048 £31 {£0) Hd

SIWAM HLNOS Ar3N

12T beT L0) %)
86b1 528 (20) *Hid
ANYISNTIND

e

= dprangd Y W ana T S

SS19 WA 312 Juuue) ‘proy ueaing 601
sapuedwo: Jo dnouary spiempg Y] jo g

'SBAJE 9u01d IS0) W pannbay Bq ABW UOYI810IC SzoMUY

Ai6 650 600 NDY

ALT ALd SWILSAS ADYINT STABMAT

"gafiou 1nayym aw Aue Je duedwoo ay) Aq pabueud aq uea suoleoyoads arcqe oy sjoN

"Alea few suoned)ddy |eiasnpy| pue |e8WWAY) 10} AUBLIEAA

L 3 3 3 } sieap SaAlRA —
3 3 3 ] } sieep [BaUDa)3 —
L L i 1 L SIEB A S10128(|0) —
4 I4 L L L EIEENY 18puyAs —
} i 1 I 3 11:1-TY INOQET — AJUBMEAN
258 229 ey 16¢ €S2 sweibo|iy 18 — sybiem
b¥e 18} ozl 53 173 A0 — B
0052 X 080F 0082 x 090€ 0052 X 0802 005 * gtee QaDs2 ¥ 0221 J0QJ UC By — SUDISUSWT
W3ILSAS TV10OL
’ 05 Qs 05 05 ol ww-sseBeigy  SS3UNDIYL — JELIBJEW LORENSY)|
¥o (9] ¥'0 (2 ro WIL-PUOGI0|OD SSBUNIIY) ~— [eUMER Dinsen
m m m m m Eﬂ“ﬁwmﬂa%ﬁﬂﬁﬂ SSBUNON | —- JBAOD) S50
V6'0/L24 L6'0/L°E} 16'0r2°21 L8'0/LE) L6'0/1LE1 BM/BIQ O-1eddog 51951 — SAeaudiepy
L6 0rp'Se 16°0/7'S2 16'0i'S2 18°0iP'SE 160/ SE jI2meIg O—addosn SIapEdY — sAemiaiepy
80 20 80 20 a0 WuSwWNWRYY SSAUNIYT AULBIBYN — RIB|
2El 66 9G €e 3 susesBoyy B — ybieps
O vel £6 z9 \E 3 sweibo|y A10 — yB1eps
8 9 4 2 2 SoNaW senbg |ELHUON — BaJY
03 %0864 X000Y  OBXO0B6LX00CE 0B *0BGHX000Z  08X000LXO000Z 0B % O0B6E * DOCH sBaaLIN ;amn_&_wwom_wﬁm"ﬁ
g 9 4 z 4 sal Ayoedesy
HNO4 334HL oML INO aNo SHOLOTTIOD
‘bal sy ‘bas sy "bai sy 'ba) sy "ba) sy MYISHOA — |uawWws|3 Jalso0g a8
00z 004 004 00s 004 s1e25edofIy JOIBY] FB)EM JOH
009 609 009 009 006 sjeoseda|ry 1818 ia1ep plon
oSy 0S¥ sk osy oSy S|H2SEO|IY xgpy BINssaig Ajddng
0202 0.02 6202 002 0408 sjeasudoyy BINSSBIY 15U}
0 (44 ro (4] ¥ sauewy ssauyoly Buisen
Londo NejeD uopdo nojen uopde InoeD ucian Inojon LoGe N0 PUDQIOJDD |enaiep Buisen
§9:52 58/5¢ /5 55152 89162 WL-AURLINAIOG %tés_ommw%_mﬁﬁ“._
@i 2 9 97 91 SIS SSBUYOILL [BLBIEW
91 9pEIQ BUUEY  9IE PPEID BULBY  5IL BPBID BUNRY  O1C 9PBID BULEW 91§ Bper) sulew 18915 SSB|URIS [CHEET
Ged 988 8s5¢ 85E 0z2 swaibo)y 190 — 1Bap
0zl i) 85 85 o swaibojny| Mg — whlep
095 X 5848 095 x §E£2 095 % D06 095 X D06 094 x 021 sanawiw "BiQ ¥ Y1Bus — suoIsuawig
009 ory 00t 00g o8l =Y fpoeden
G3SVI —~ HIANITAD
0097 1300 opb1 300N S0ET 13COW HS0ET 130N 08171 1300W Svizg ’

eat

SNOLLVYIIHID3dS




Jp—

How Quantum Works

The evaporator plates* in the
diagram can be situated on the roof,
in the ceiling or on the side of the
unit itself, and absorb whatever heat
energy is available in the
surrounding atmosphere, whether
it's wind, rain, day or night,
Quantum operates in all seasons of
the year.

The refrigerant vapour is compressed
through the compressor which raises
the temperature of the gas, the
vapour is then passed through the
condenser coils that are wrapped
around the water tank which heats
up the water, as the vapour
condenses it returns to its initial
liquid state and the cycle is
continuously repeated.

The Quantum hot water heater as described in this
brochure has been the recipient of several prestigious
industry moards i.e.

Victoria Elecirical Development Association
(Award} Most Significant Contribution to the
Electricat Industry 1988

Australian Financal Review New Product &
Technology Expo (Category) Most Innovative
Domestic Product 1986

National Energy Innovation Award 1988 for
Outstanding Achievement in Innovative Energy
Production R&D

LINK ENERGY SYSTEM

Evaporator Plates

-

4

ﬁ

*Comment: Evaporator panels

do not contain water.
Evaparator panels weigh
only about 30kg.

Expansion Valve

Compressor

T

Receiver

Hot Water Outiet

Water Tank

Condenser Cait

Insulation

Cold Water inlet

QUANTUM NOMINAL SPECIFICATIONS

TASMAN

ARAFURA

PACIFIC

Cyiinder Capacity fitres

Compact

Split

Compact Split

Compact

Split

170

170

270 270

340

Unit Diameter mm

40

760 600

600

Unit Heigit mm

1780

2000 1780

2080

Unit Welght Empty kg

75

145 115

135

Unit Welght Full kg

245

HS 385

475

Evaporator Dimensians mm

2250x1870

22501870

2250% 1870

Evaporator Weight kg

30

30

30

Thermostat Set Point degC

60

60

*Power Input watls

520

80 60
520 520

520

Recommended Unit Size Typical Domestic installation

1-3 People

3-5 People

6-8 peopie -

QU

LINK ENERGY SYSTEMS
Manufactured by S.E.S. Water Heaters Pty Ltd
55 Derby St, Silverwatex, NSW, Australia 2241
Ph 02 7483488 Fax (02) 7483201

AUTHORISED DEALER:




International Energy Agency

Solar Energy Task Group

Evaluation of Tanks for Domestic Solar Hot Water Systems

The
Solahart
Design

Presented by

John Friel

North American Saies Manager

18




—

Solar Hot Water Storage Tanks

Standard Capacities:
The Solahart solar hot water systems have two standard storage volumes:

300 Litre (80 gallons)
180 Litre (48 gallons)

Basic Design

The Solahart solar hot water system is designed to be installed in an external location
and to provide a method to collect and store solar thermal energy without the use of
moving parts. The storage vessel consists of a double vitreous enamel lined cylinder
enclosed within a non CFC polyurethane filled case constructed from corrosjon resistant
aluminium.

The storage vessel is designed such that at least 90% of its storage volume can be
drawn off at a flow rate of 12 litres (3.2 gal) per minute before the outlet temperature
falls by more than 12°C (53.6°F).

To ensure that the customer has hot water available in times of low solar input an
electric or gas booster, and it's associated controls, can be located within the storage
vessel such that the upper section of the vessel can be boosted to the customers
desired outlet temperature (factory set to 60°C(140°F)) without a serious impact on the
solar contribution capacity. -

The design life is approximately twenty years subject to the replacement of the sacrificial
at periods determined by the water quality of the area, however the typical replacement
period will be five years at which time it is also recommended that the operation of
safety devices is checked.

Storage Vessel:

The storage vessel wall and end domes are fabricated from hot rolied 2.5mm (0.0985 in)
low carbon steei material.

The steel inlet and outlet fittings are designed in such a way to allow pre-treatment, shot
blasting and glazing to be carried out so as to ensure that the vessel when Vitreous
Enamelied is completely free of bare steel surfaces.

The cylinder is rolled into a sleeve and fongitudinally butt welded prior to the dome ends
with fittings attached being circumference butt welded to the rolled cylinder sleeve.
Every welded cylinder is sealed and submitted to an underwater test where air pressure
is applied at 100 kPa (15 psi), this is to ensure that there are no leaks in the cylinder
welds. Having passed this test every cylinder is then filled with water and hydraulically
pressurised to 2100 kPa (300 psi) for 15 seconds to ensure the structural integrity of the
welds.

Each cylinder is then rapidly dried and placed into the shot blaster for final metal
cleaning pre-treatment before being Vitreous Enamelied.

The important aspect of this method of manufacture is that the cylinder and fittings are
completely welded prior to glazing there is no welding done after the Vitreous Enamel
has been applied hence the Vitreous Enamel is not subjected to weld heat damage.
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Vitreous Enamel

The internal surfaces of the storage vessel are lined with two coats of Vitreous Enamel
(also known as glass lining).Vitreous Ename! is used because of its anti corrosion
properties and its ability to withstand high water storage temperatures. The Vitreous
Enamel comprises of a mixture of clays , selected so that the co efficient of expansion is
similar to that of the storage vesse! steel. The storage vessel and enamel are heated to
860°C (1580°F)at which temperature the enamel meits and fuses with the steel surface.
On cooling the steel cylinder contracts at a slightly greater rate than the enamel hence
the enamel is slightty compressed which adds to the overall strength of the enamel
lining.

The high adherence blue ground (or first) coat is applied directly to the clean shot
blasted internal steet surfaces and baked to achieve a thickness of 0.16mm (0.0061 in).
Following successful inspection a second high temperature solubility resistant green
cover coat is applied and baked to achieve a thickness of 0.14mm (0.0058 in). The
contact surface with the ground coat becomes a continuos diffuse surface of intimate
bonding to produce a full enamel ranging from stee} through to cover coat to produce a
wall 0.3 mm (0.0119 in) thick. High temperature solubility resistance is essential for iong
cylinder life when using highly efficient absorber collection assemblies.

Corrosion Protection

The storage vessel is fitted with a replaceabie magnesium anode to provide additional
protection to the Vitreous Enamel lining.

To ensure the extended life of this anode ,the steel cylinder ,pipe connection fittings,
electric booster element and the enamelling processes are designed to ensure bare
steel , copper or brass are not exposed in the cylinder. The design features to achieve
this are :

a)The tank is fully fabricated before the two coats of Vitreous Enamel are applied.
b)The steel sockets on the tank are enamelled with the cylinder and o rings seat onto
the enamelled surfaces.

¢)The copper electric booster is electrically insuiated from the cylinder and the anode
reaction on the element is controlled via a bleed resistor device.

In areas where the water quality is hard the magnesium anode can be replaced with one
of aluminium.

Water Stratifier

The water stratifier effectively removes the inertia from the cold mains water entering the
storage vessel allowing the cold water to be replaced on the bottom of the storage '
vessel without disturbing the hot water at the top of the vessel this allows maximum
usage of the available hot water.




Jacketed Heat Exchange System

The Solahart close coupled thermosiphon solar hot water systems feature a separate

sealed circuit for the solar collector fluid independent of the main water supply. The heat

energy collected by the solar collectors is transferred to the water in the storage vessel

by the steel jacket around the storage vessel. This steel jacket around the storage

vessel is a highly efficient heat exchanger whose heat exchange surface is the entire

outer surface of the storage vessel. The thermosiphon system of heat transfer does not

require the use of pumps or electronic controllers.

The advantages of the closed circuit thermosiphon systems are:

ajFreeze protection can be achieved without the use of electrical or mechanical devices

b)Water ways are not subject to scale build up from mineral deposits in hard water
areas.

c)The jacket heat exchanger has a exchange surface area in excess of 2.7 sq
metres(29 sq ft)

d)More cost effective collectors with a higher efficiency can be manufactured from steel
rather than copper or aluminium.

Insulation

The storage vessel is completely encased in a pressure injected non CFC polyurethane
insulation material. Polyurethane has a very low thermal conductivity about half that of
fibreglass. The storage vessels have an average of 60mm (2.36 in) on the hot section
(top two thirds) of the cylinder. The storage vesse! is placed in the insulation such that in
summer when the whole tank reaches temperatures of 90°C(194°F} and above ,heat is
lost through the bottom one third helping to reduce excessive temperature build up.
Normally the bottom one third contains the cooler water therefore the insulation has
been distributed in proportion to temperature difference. insulation quality on a solar hot
water system is of particular importance because water must be stored overnight
without any heat input and still be at a useable temperature the next morning.

The pressure injected insulation adheres to the aluminium case and the surface of the
storage vessel to form a vapour tight skin which allows the polyurethane to retain its
high insulating qualities and to provide a rigid backing for the outer case which in not
possible with free rise unsealed insulation materials.

Cuter Case

The outer case of the storage vessel has two polypropylene end covers which have
been designed to provide a one piece construction which is completely sealed to ensure
insulation integrity and incorporates hidden hand holes for ease of carrying. The poly
propylene used also contains a combination of ultra violet stabilisers and finely ground
carbon biack to ensure fong life in the harsh environment in which the vessel is
operating.

The upper outer skin is constructed from 0.55 mm (0.21 in)corrosion resistant aluminium
which fits in to the specially moulded end covers and is formed and secured into shape
by the pressure injected polyurethane insulation material.

The lower outer case (or base) is constructed from 0.8 mm aluminium roll formed to the
shape of the tank with roiled in tank support legs which run the full length of the tank.
The storage vessel is separately supported inside by two supports which transfer the
weight of the vessel to the base so that the tank weight is not taken by the insulation.
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Vitreous Enamel

The internal surfaces of the storage vessel are lined with two coats of Vitreous Enamel
(also known as glass lining).Vitreous Enamel is used because of its anti corrosion
properties and its ability to withstand high water storage temperatures. The Vitreous
Enamel comprises of a mixture of clays , selected so that the co efficient of expansion is
similar to that of the storage vessel steel. The storage vessel and enamel are heated to
860°C (1580°F)at which temperature the enamel melts and fuses with the steel surface.
On cooling the steel cylinder contracts at a slightly greater rate than the enamel hence
the enamel is slightly compressed which adds to the overall strength of the enamel
lining.

The high adherence blue ground (or first) coat is applied directly to the clean shot
blasted internal steel surfaces and baked to achieve a thickness of 0.16mm {0.0061 in).
Following successful inspection a second high temperature solubility resistant green
cover coat is applied and baked to achieve a thickness of 0.14mm (0.0058 in). The
contact surface with the ground coat becomes a continuos diffuse surface of intimate
bonding to produce a full enamel ranging from steel through to cover coat to produce a
wall 0.3 mm (0.0119 in) thick. High temperature solubility resistance is essential for long
cylinder life when using highly efficient absorber collection assemblies.

Corrosion Protection

The storage vessel is fitted with a replaceable magnesium anode to provide additional
protection to the Vitreous Enamel lining.

To ensure the extended life of this anode ,the steel cylinder ,pipe connection fittings,
electric booster element and the enameliing processes are designed to ensure bare.
steel , copper or brass are not exposed in the cylinder. The design features to achieve
this are :

a)The tank is fully fabricated before the two coats of Vitreous Enamel are applied.
b)The steel sockets on the tank are enamelied with the cyiinder and o rings seat onto
the enamelled surfaces. : T

¢)The copper electric booster is electrically insulated from the cylinder and the anode
reaction on the element is controlled via a bleed resistor device.

in areas where the water quality is hard the magnesium anode can be replaced with one
of aluminium.

Water Stratifier

The water stratifier effectively removes the inertia from the cold mains water entering the
storage vessel allowing the cold water to be replaced on the bottom of the storage '
vessel without disturbing the hot water at the top of the vessel this allows maximum
usage of the available hot water.
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international Approvals

The Solahart manufacturing facility is accredited to Australian Standard AS 3901 and
International Standard SO 9001. In addition the products carry many approvals from
most parts of the world some of which are listed below:

Australian Standard AS 2712
American IAPMO Number S-1834
German TUV Number 1514539
Japan JIS Number AU 8501
France CSTB Number 14/84-183
New Zealand Branz Number 166
ltaly Number 319/112-453

Storage Vessel Research

The market demands are such that solar hot water systems need to be produced at a
lower cost to the end user whilst providing the same amount of energy storage. The next
generation of storage vessels will need to be able to store a larger amount of energy in
a smaller vessel and to have controls which prevent the vessel overheating during
periods of low hot water consumption.
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Electrical Boosting

A “sickle” style thermostatically controlied electrical booster element can be located in
the centre of the storage vessel with the sickle normally in the horizontal position which
has the ability to provide an electrical boost capability with the minimum effect on the
solar contribution fraction. In areas where “off peak” electrical boosting is required the
“sicklie” can be rotated downward through 90° so that the electrically heated water
capacity is increased, however this can have a detrimental effect on the solar efficiency
of the solar hot water system.

Electrical booster elements are available in 2.4kW, 3.6kW and 4.8kW ratings.

Gas Boosting

A forced draught thermostatically controlled gas booster with electronic ignition can be
located in the centre of the storage vessel. to provide boosting with the economies of
gas.

The gas booster has an input rating of 13MJ / hour (12321 Btu/hr)and is available in
either natural or LPG gas configurations.

Safety Devices

Pressure and Temperature Operated Relief Valve
This valve is fitted to the top of the storage vessel and is designed to open at
89°C (210°F) and / or 860kPa (125psi).

Cold Water Relief Valve
This valve is fitted between the check valve and the cold water inlet of the
storage vessel and is designed to relieve the storage vesse! water pressure
as it increases due to thermal expansion. The design operating pressure is
620kPa (90psi).

Check Valve
This valve is an in line non return vaive fitted between the cold supply connection
and the cold water relief valve. it's function is to prevent return flow from the
storage vessel when in the heating mode.

Jacket Pressure Relief Valve
This vaive is fitted to the heat exchanger system and is designed to open at
80kPa (11.6psi) to ensure that the jacket pressure is lower than the potable
water circuit.

Electricai Thermostat iockout Device
This device is connected to the electrical or gas boost element and is designed
to lockout the boost device should the storage vessel temperature climb to over
95°C (203°F) through the use of the boost device.
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WORKSHOP ON THERMAL 33
ENERGY STORAGE FOR
SOLAR DHW SYSTEMS.
FEBRUARY 10-11 '95,

SAN DIEGO.

DESIGN OF MARKETED HOT WATER TANKS
FOR
DANISH SDHW SYSTEMS

SIMON FURBO

THERMAL INSULATION LABORATORY
TECHNICAL UNIVERSITY OF DENMARK
BUILDING 118
DK-2800 LYNGBY
DENMARK

PHONE: + 45 45 93 44 77
FAX: + 45 45 93 17 55



HEAT STORAGE TYPES

COMBITANK:

HOT WATER TANK WITH A HEAT EXCHANGER
BETWEEN THE SOLAR COLLECTOR FLUID AND
THE DOMESTIC WATER AND WITH AN ELECTRIC
HEATING ELEMENT AND/OR A HEAT EXCHANGER
BETWEEN THE HEAT TRANSFER FLUID OF THE
AUXILIARY ENERGY SUPPLY SYSTEM AND THE
DOMESTIC WATER.

PREHEATING TANK:

HOT WATER TANK WITH A HEAT EXCHANGER
BETWEEN THE SOLAR COLLECTOR FLUID AND
THE DOMESTIC WATER.

HOT WATER TANK PREPARED FOR
SOLAR HEATING SYSTEM:

HOT WATER TANK DESIGNED AS THE COMBI-
TANK.
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Fox B6 966955 . TIf. 86966700

280 1 solvarmebeholder




NUMBER OF INSTALLED SOLAR HEATING SYSTEMS IN DENMARK SYSTEMS/YEAR

3000 r

2500

2000

1500

1000

S00

(=)

NUMBER OF WSTALLED SOLAR HEATING SYSTEMS IN DENMARK
SYSTEMS /YEAR
)
| 7
77
ool
36 87 88

©
0
%]
i
G

89 30

I TOTAL

7

73 LOW FLOW SYSTEMS

RS



TANK MATERIAL STEEL St 37-2
STAINLESS STEEL

St 37-2 TANKS ARE: ENAMELLED AND EQUIPPED
WITH AN ANODE

OR

COATED WITH AN APPROVED
SYNTHETIC MATERIAL

SOLAR COLLECTOR FLUID

APPROVED FLUIDS IN SOLAR COLLECTOR LOOPS
WITH SINGLE SEPARATION TO PUBLIC WATER:

WATER

PROPYLENE GLYCOL WITH AN
APPROVED TRACER

o




Solar Energy Llaboratory

Danish Techaclogical Institute

Gregersensvej Telephone +454299 646 1 Cable:
F.O.Box 141 Telefax +45 429947 44 Teknologisk
DK-2630 Taastrup Giro 4656563 Telex 33416 ti dk
Test no.:
DATA SHEET FOR SOLAR ENERGY HEAT STORAGE D 3032 A
Manufacturer Type:
Uniterm, Stenildhgjvej 30, 9600 Aars VVS 275
Claimaat: YA-appr.no.:
Uniterm 3.21/DKé6837
HEAT STORAGE DATA: TEST CONDITIONS:
Ambient temperature 1 approx. 25°C
Design: Liquid in collector loop : Water with 40 % propylenglycol
Volume flow rate : approx. 5 litres/minute
Cylindrical steel tank with built-in heat exchangers. The lower
one is connected to the solar collector loop, the upper one to RESULTS:
an auxiliary heat source. An clectrical immersion heater can
be used as a supply source in the summer-period. The tank is Thermal capacity + 1200 kI/K
insulated with hard polyurcthane foam and placed in a Heat loss cocfficient operating at 60°C  : 3.1 W/K
cabinet. Heat loss cocfficient during stand-still  : 1.2 W/K
Dimensions 1 640 x 640 x 1900 mm Heat transfer cocfficient (UA) from collector ioop
Weight (empty) : appr. 175 kg to tank at a tank temperature of 50°C  : 238 W/K
Dependence on storage temperature:
Hot water tank: UA =140 + 196 * Tstoragc [W/K]
Type : Cytindrical tank with convex ends. Pressure loss (aP)} of collector heat exchanger
Diameter x height 1 500 x 1500 mm at a flow raté (v} of S litres/minute ;162 kPa
Volume : 275 litres Dependence on volume flow rate:
Material : Steel 37.2
Corrosion protection : Enamel + magnesivm anode AP =104°v+044°2 [kPa}
Hcat exchangers (collector loap / aux. foop): SECTION {PRINCIPAL}:
Type : Spiral / spiral
Dimensions 1el/2" x 12000 mm [ e1/2" x 9000mm
Matenial 1 Steel [ steel
Volume 124 /138 litres
Volume above heat exchanger : 262 / 100 litres
Eicctrical heater A Rosies
Type : Immersion heater
Supply voltage 1 220 or 380 V(AC)
Power :lor3 kW
Volume above heater : 100 litres
[nsulation:
Solat boop
Bottom : None
Sides : 55 mm polyurcthane foam
Top 120 mm - -
Comments to the test; Dato: 1991-05-10
Pump, expansion tank and fittings was dismounted during the test, Testing Laboratory's signature:
The dimension of the solar heat exchanger was 3/4” on the test piece,
Henrik Lawactr




Danish Technologicaf Institute

Gregersensvej
P.O.Box 141
DK-2630 Taastrup

Telephone 4 4542 99 64 11
Telefax +45429% 4744
Giro 4656563

-+ Solar Energy Laboratory

Cable:
Teknologisk
Telex 33416 11 dk

Cylindrical steel tank with built-in heat exchangers. The lower
onc is & mantle connected to the solar collector loop, the
upper onic is a spiral connected to an auxiliary heat source. An
clectrical immersion heater can be uzed as a supply source in
the summer-peniod. The tank is insvlated with hard poly-
urcthane foam covercd with a PVC foil.

1 600 x 600 x 1800 mm
: appr. 125 kg

Dimensions
Veight (empty)

Hot water tank:

Type : Cylindrical tank with convex ends.
Diameter x height 1500 x 1500 mm
Volume : 265 litres
Material : Steel 372

Corrosion protection : Enamel + magnesium anode

Heat exchangers {collector loop [/ aux, loop):

Type : Mantie / spirai tube
Dimensions @525 x 850 mm /20 x 7500mm
Materiai : Steel / steel

Volume 11635 / 2.5 litres

Volume above heat exchanger @ 240 / 80 litres

Electrical heater

Type : Immersion heater
Supply voltage + 20 or 380 V{AQ)
Power sllor3l3ew
Volume above heater 1 79 litres

Insulation;

Volume flow rate

Test no.:

DATA SHEET FOR SOLAR ENERGY HEAT STORAGE D 3029 A
Manufacturer: Type:
Aidt Miljg ApS, Kongensbrovej, Aidt, 8881 Thorse Model 300
Claimant: VA-apprno.:
Aidt Miljg ApS 3.21/DK6993
HEAT STORAGE DATA: TEST CONDITIONS:

Ambicnt temperature : approx. 20°C
Design: Liquid in coflector keop : Water with 40 % propylenglycol

: approx. 1 litre/minute

RESULTS:

Thermal capacity : 1127 kI/K
Heat loss cocflicient operating at 60°C 1 23 W/K
Heat loss cocflicient during standstill  : 1.8 W/K

Heat transfer cocfficient (UA) from collector Joop
to tank at a tank temperature of 50°C 271 W/K
Sensibility to storage temperature:

UA =133 +275" Tstoragc [W/K]
Pressure Joss (aP) of collector heat exchanger
at a flow rate (v} of 5 litres/minute 139kPa
Scugibility to volume flow rate:

2P = 077 *v [kPa}

SECTION (PRINCIPAL):

None.

Bottom : 20 mm polyurcthane foam

Sides 13750 mm - - Solcin g Co  Sobwout
Top 70115 mm - -

Comments to the test: Dato: 1991-08-07

Testing Laboratory'’s signature:

(33 .




Manufacturer of | Type Manufacturer of Heat exchanger Volume Auxiliary energy
hot water tank solar collector/solar between solar collec- supply system(s)
heating system tor fluid and I
domestic water
Nilan Model 300 Aidi Milje mantle 284 electric heating
element & heat
exchanger spiral
Nilan Model 500 Aidt Milje martle 460 electric heating
element & heat
exchanger spiral
LP.L. Modet VP Aidt Miljs mantle 218 eleciric heating
element or heat
exchanger spiral
Ar-Con Solvarme | 250C Ar-Con Solvarme heat exchanger spirai 250 electric heating
’ clement & heat
exchanger spiral
Ar-Con Solvarme | 250CE Ar-Con Solvarme heat exchanger spiral 250 electric heating
element & heat
exchanger spiral
LP.L. ED260 ED Heating mantle 260 electric heating
element & heat
exchanger spiral
Fenix Staalinde- Elysia 500 Elysia heat exchanger spiral 300 electric heating
stri Dansk Solvarme element & heat
exchanger spiral
Fenix Staalindu- 160 1 Batec Solvarme heat exchanger spiral 160 electric heating
stri element & heat
exchanger spiral
Fenix Staalinduy- Combinent Batec Solvarme heat exchanger spiral 295 electric heating
stri 295 element & heat
exchanger spiral
Fonix Staalindu- Plasto 180 Batec Solvarme mantle 180 electric heating

stri

element & heat

exchanger spiral

cont...

4'f
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continued

Manufacturer of | Type Manufacturer of Heat exchanger Volume Auxiliary energy
hot water tank solar collector/solar between solar collec- supply system(s)
heating system tor fluid and 1
domestic water
Fanix Staalindu- Plasto 280 Batec Solvarme mantle 280 electric hearing
stri element & heat
exchanger spiral
Uniterm VVS 275 Uniterm heat exchanger spiral 275 electric heating
Djurs Solvarme element & heat
Suntop Solenergi exchanger spiral
Stratosol Solvarme &
Miljo
Uniterm VVS 525 Uniterm heat exchanger spiral 525 electric heating
Djurs Solvarme element & heat
Suntop Solenergi exchanger spizal
Stratosol Solvarime &
Miljs
HS Kedler-Tarm HS1 Jysk Solvarme heat exchanger spiral 280 electric heating
element & heat
exchanger spiral
KN Smede- og KN-Beholder Batec Solvarme heat exchanger spiral 500 eleciric heating
Beholderfabrik element & heat
exchanger spiral
Kihler & Breum R255 Hbv-sol Ans Sol-varme heat exchanger spiral 255 electric heating
clement & heat
exchanger spiral
Nilan ARCON N Ar-Con Solvarme heat exchanger spiral 280 electric heating
3002 element & heat
Elysia 300 Elysia exchanger spiral
Dansk Solvarme
NC 300 DS2 Solahart Scandinavia
Nilan Danlager 180 Elysia heat exchanger spiral 180 electric heating
Dansk Solvarme element
Nilan Danlager 300 Kobbervarefabrikken heat exchanger spiral 280 electric heating

Solahart Scandinavia
Suntop Solenerpi

Thermo-Sol

element

cont...

48/




page 3

continued
Manufacturer of | Type Manufacturer of Heat exchanger Voluine Auxiliary energy
hot water tank solar collector/solar between solar colfec- supply system(s)
heating system tor fluid and I
domestic water
Nilan Daniager Com | Dansk Solvarme heat exchanger spiral 180 electric heating
" : Elysia element & heat
Kobbervarefabrikken exchanger spiral
Solahart Scandinavia
Suntop Solenergi
Thermo-Sol
Nilan VP Combisol Batec Solvarme heat exchanger spiral 180 electric heating
Ar-Con Solvarme element & heat
Thermo-Sol exchanger spirai
Solahart, JK300 Solahart Scandinavia mantle 300 electric heating
Australia element
Valund QM200 Ringsted heat exchanger spiral 200 electric heating
Energi Center element
Table 1. APPROVED SOLAR HOT WATER TANKS.

—_——

,___,_.
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Age of energy supply system [years]

6-10

0-5

[9))
. o £
e B 9
5 ¢ = 9
Fe) -y 18] 182
B O i
a 0 = o
EE%%IB
SH27 < 2§6
| | | [} | f \I
) - D ] L0 ) tH{P) - (]
< < 5 %) Ql 'Y — —

[o4] ebelusolay

o1



59

wEQm\Aw mc;mw; Lm_ow m£ %o co;m__ﬁmc_ l_mtm Ucm 98@@ Emyw\mw zaasw >m._mcm_

18Y10 "1esy’isip seb |einjeu
._n_Eoo .Hmmc.om_m
i FOa 7 Z
[
g
...wm
]

uone|jeisut Jaye

uoye|IsUl alolag

7%

10

N

A

-01L

-0¢

-08

|
-
<

-0S

~-08

[o4] ebriuaoiay



]

PREHEATING SYSTEM

DEFINITION: SOLAR HEATING SYSTEM BASED ON A
~ SMALL EXISTING HOT WATER TANK AND
A NEW PREHEATING TANK.

INVESTIGATIONS HAVE SHOWN THAT:

- THE THERMAL PERFORMANCES OF PREHEATING
SYSTEMS AND OF TRADITIONAL SOLAR HEATING
SYSTEMS ARE ALMOST THE SAME.

- THE COSTS OF PREHEATING SYSTEMS ARE ABOUT

10-30% SMALLER THAN THE COSTS OF TRADITIONAL
SYSTEMS.

- PREHEATING SYSTEMS ARE ECONOMICALLY
ATTRACTIVE IF THE BACK-UP ENERGY SYSTEM HAS A
SMALL STAND-BY HEAT LOSS AND A HIGH EFFICIENCY.

53



CONCLUSION

THE COMBITANK IS THE BEST HEAT STORAGE TYPE FOR
ABOUT 75% OF THE INSTALLED SYSTEMS

THE PREHEATING TANK IS ATTRACTIVE EFOR ABOUT 25%
OF THE INSTALLED SYSTEMS

PREHEATING SYSTEMS CAN BE ATTRACTIVE IN HOUSES

WITH NEW HOT WATER TANKS HEATED BY NATURAL
GAS/DISTRICT HEATING




UNTIL 1990:

FROM 1990:

BSIDY FOR SMALL Sl@i._Ai_

30 % OF THE COSTS.

ABOUT 25 % - 30 % OF THE COSTS,
DIRECTLY PROPORTIONAL TO THE
CALCULATED ENERGY SAVINGS.



CHANGES OF STATE SUBSIDY IN 1995

AIM: - REDUCTION OF THE COSTS OF THE

SYSTEMS.

- USE OF CHEAP MASS PRODUCED TANKS IN

NEW A

A LARGE NUMBER OF SYSTEMS.

RRANGEMENT;

BASED ON THE COMPONENTS OF THE
SOLAR HEATING SYSTEMS.

SOLAR COLLECTORS, CONTROL SYSTEMS,
HOT WATER TANKS ETC. WILL BE
APPROVED SEPARATELY.

THE INSTALLER WILL DECIDE WHICH COM-
PONENTS TO USE.

HOT WATER CONSUMPTION:
160 L PER DAY HEATED FROM 10°C TO 50°C

56
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Institut flir Thermodynamik und Wérmetechnik (ITW)

Th. Pauschinger

University of Stuttgart

The Whole System
The Basic Tank Design
Advanced Concepts

Measured Performance
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64 |

70 -100 | Tank Volume / Person

Auxiliary Heated Part:
acc. to DIN 4708: ca. 351 Tank Volume / Person
(Tset =60 °C, Paux = 8 kW)

Minimum Heat Transfer Rate |
40 - 60 W/K / m? Collector Area (at 20 °C)

... for a 300 | storage:

Steel / enamel 1900 - 3300 $US
Stainless steel 4000 - 5300 $US

STO_DIM.DOC, 02.02.95



L

i G A

i
il
A

po

YV

W Eprr

JYVV



66

S6'20'€0 'DOA'WNSOLS

wajsAs sjoym ay3 uo abelo}s ayj Jo sousnpuj ;Jueoduy

mw:._._ontwn_ }1 19]1aq ayl .mmm.hou_.w oU3 um_QE_w Sul TIILS

!

‘9AIsuadxe Joayjel aie sabelols ay

'PaIJIn} 3¢ 03 dARY Suolje|[e)sul Jajem Buiyulp Joy suonejnBba. uew.lon)

Buibieyo (paynesys-uou) 104 sisbueyoxa
Jeay pesitswiw om} ypm abelols Jajem JoH :ubise(q oiseg ueunss ay|




. ARG

67

Solar DHW Lank c\esfﬁn in the
Netherlands : sEaka-o‘-—‘;\\e -ark
ond (ukure cleuelo‘)menks

OVERVIE W OF THE PRESENTATION
. convenkional syskems

. r‘egen‘clj deueloPec\ sysbem s

. {near) Eukure Jeue.\o‘)menks

« [Move -\V‘\‘CEV’V\G£(OV\C{l —W\&O &aiv\mev&



@ CONVENT (ONAL SYSTEMS L

. (:omks §OV“ .

- solavr °Pm-‘r\e,o& 535Eems

- SOICIV" Plus S(AFP‘Q(TWQV\ECW‘\:) S\jskem {

:

e inclu chn3 :
- helix heak exc‘f\cmc\xew
- m(lhue \'Ne_ct't QKClr\Qn%cr‘

INn co Hec&or \Oo‘s

. speci{(c items -
- (‘emO%c QOHQC%O\F C\mc\ \’\QCLE %&DV‘Q_
- o{ru{h back vo\ume,

- sbainless steel

- fo«"ceo( circulation Lew Ut\e,rmos(P\m_ :

- Manu (ackuwews |

- C{E’, jor\c\;x (Eavx{(s S:ow ZCN dmc{ (_LE !
lLe. 80/, OEO“ Sfjakems) {



. LEN Pr—e_-\ﬁea\: sxjskew\:

69

100 C\V\C{
150 (ikwres

Clncl [curjw sEOwes
W'l‘c\nout dwa{mch\(
\/oluma::.: X0 and

Soo likwes

7 KOUD VATER
g

f !J_ 1 T

ZONNE -ENERGIE
NEDERLAND B.V.

omechr .

Zanneboiler aysteam
atandaard opalogvet

BCHEIB]. l

felssr en _amloopvential .
4 4 4 8

datym

[4-_7-89]

et ek,

J.v.Dam

?ontr.

Landand - BE S J o ¥ )



Z/EN solavr 9\us S(,\PP(emenkarj Sjske"“’ W

WARM VATER

CV-KETEL AET

f‘\ BOLL ERRECEL ING

80 + too likves

[ — '] also: |
! 200 likres

%_ T "%'] KUUDJ“VATER
| IR

| _peewm |

%WRIODL

k.w\cl..\l\m(: Qv §_&’OV‘€§ u\bo u'tu"\
wiklhouks ‘;&JV\”G{V\ becls eleckwic
VO tum ‘a' 36"\(2 CI-V\C[ Q[Qm&n(i
S0 /(iv—&% o~

o
S
-

he. Z boiler systeem

ZONNE -ENERGIE ™™™ Globeiler 1ndirekt

NEDERLAND B.V, |schc:mlé T

urkeanbroo 18 G igat - B""’S"Sl :

R Erohoven Satel]J.v.Oam ] SYSTEEM
Ia?aiccm G4G'55§§z§ =k . '

P —~ s _—r—




71

. LZE Pehhaak Sc k "
P Oy JS 2m

ol

J\
SSYONN

V20 \ikr‘es

[N
/7
N
N
\
\l L
N

. LZE solar Plus SuP\:)lemevxkath S:jskew\ .

777
—_— ;’ 200 anc\ 240
H= Z litpres
> Z
== /|
Z % -
7/ 2 alSo WIQL\
A /) elecEmc,
7 7 L
7 | 7 clemen
A
7> JJ//

0] Y P77 47% d

—



B RECENTLY DEVELOPED SYSTEMS 73
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frame
cover (glass)
outer pipe

inner pipe

hot tapwater
(outlet)

tapwater

water vapour

system water
(heat tranfer fluid)

th.rmal insula*or

cold tapwater (inlet)
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frame

glass cover

transparant insulation (T1M)

airgap
watertank hot tapwater
thermal (outlet)

insulation

+

cold tapwater (inlet)
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Energy Conservation through Energy Storage
short term water heat storage systems

state of the art
report

Bart Veltkamp

Eindhoven University of Technology
LEVEL, bureau for energy technology
the Netherlands
Report LEVEL 88.07
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[ summary

Annex IV of the International Energy Agency (i task on Energy Conser-
vation through Energy Storage focuses on short .. ": water heat storage, one
of the most accepted and promising applications of energy storage. The results
of a literature survey, a workshop and a further evaluation by the technical
coordinator are summarized in this report, giving a state of the art.

Special attention has been paid to thermal stratification in the storage be-
cause the potential increase in performance of the system, from which the
storage is only part, can be substantial. The benefits of thermal stratification
are emphasized because some discussion, notably in the solar field, has been
going on.

A literature study (Veltkamp, 1986) has been completed prior to the
workshop. Together with the inventarisation of the ongoing studies in the
participating countries this survey has served as a base for the workshop and
this state of the art report! This literature survey has been updated with en-
tries of the participants and other new material (Veltkamp, 1987).

The two day workshop held in January 1987, attended by the experts from
the participating countries?, resulted in a broad overview of the field recorded
in the workshop report (Veltkamp, 1987). In the workshop not all aspects ob-
tained equal attention, as can be expected having a limited amount of time

and number of participants. The apparent gaps are filled in this report. Both

large and small scale applications are represented by participants. An initial
difference in terminology and problem approach between large scale (district
heating and power generation) and small scale (solar energy and domestic ap-
plications) was experienced in the workshop. The main problems however
showed to be equal for both scales. o .

The area has been subdivided (like in the workshop) in several major more
or less autonomous fields of interest;

In chapter 2 the economy and potential for short term water heat storage

systems is discussed. Numbers found for the potential differ markedly in the
different studies and also among different couniries. The magnitude of the
potential energy conservation, however, is generally estimated in the order of
several percent of the total energy consumption. The economy of short term

water heat storage depends largely on the energy it repl_ace's, and other specific_
data and varies accordingly. For large storage systems in cogeneration plants,’

pay back periods of less than 2 years are realized. For small systems the econ-
omy is quite specific for the application and is sometimes even not important
(e.g. domestic hot water storages).

Physics of walter storage is treated in chapter 3. Thermal stratification in
water heat storages (appropriately also called displacement storage) is well set-
tled in applications where supply an- load are at a relatively constant temper-
ature (large storages used in e.g. district heating plants), but lacks appreciation

1 The institutes involved in the studies and their contact persons are listed in the literature survey
together with a short abstract of the rescarch field.
_ZParu'cipaling countrics: Sweden, Swilzerland, Federal Republic of Germany and the Netherlands
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in small systems with variable and unpredictable temperature levels. Several
phenomena like plumes rising or falling from e.g. heat exchangers inside the
storage and mixing from incoming flows are still poorly understood and need
further study.

Modelling of water heat storages is the subject of chapter 4. Several ap-

proaches for different purposes are commonly applied. Models of wall effects
with combined heat flows, turbulence in the thermocline in large storages, a
simple description of in-and outlets, dispersion in the thermocline and

mixing caused by free3 supply and return flows and discretisation of the
stratified storage as a register or plug flow (following the flow) model are ap-
plied in different models. No model integrally describes all these phenomena.
Simplified fast models of thermally stratified storages fit for e.g. optimisation
studies are still rare.

Construction of storage devices and their internals, like diffusers floating
inlets and baffles is treated in chapter 5. The storage losses commonly show a
discrepancy with theoretical losses as reported by the participants.
Thermosyphoning in the connecting pipes can cause these heat losses. Dif-
fusers are well developed in the large systems, but are less state of the art in
small systems. Floating inlets have only partly been investigated. A strong
preference for steel as storage construction material is common. Height
diameter ratio of the storage is small (about 0.5-1.5) mainly because of stress
in the bottom part for large storages and a minimum wall area both for losses
of heat and stratification.

Measurcment, testing and model validation are discussed in chapter 6. A
completely satisfactory method to obtain the local heat loss factors of the
segments in a stratified storage and the dispersion coefficient is unknown.
Test methods are described mostly by national bureaux of standards. However
a measure for the quality of a heat storage to maintain its stratification under
different conditions is not satisfactory. Several models are validated based on
measurements of full scale and laboratory installations.

Control and dynamic optimisation is described in chapter 7. Several studies
deal with optimisation of the storage alone, while a lot has been written
about optimisation of the whole system. A combination of optimal control
and economical optimisation is treated in a few papers, but a more general
study seems necessary.

From the workshop and the literature it can be concluded that short term
water heat storage is a well settled technology for some applications (e.g. large
scale cogeneration of heat and electricity and hot domestic water), but still
lacks appreciation in many possible applications (i.e. small scale cogenera-
tion). Thermal stratification is important in most applications, but is still
scarcely applied mainly by lack of understanding of the system behavior.

3compare with free convection
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8 conclusion

Some conclusions can be drawn from the overviews, the state of the art and
the discussion of the several fields as expressed on the workshop;
economy and potential;
—— pressureless short term water heat storage systems in district heating sys-
tems can be very attractive, pay back periods are in the order of 1 to 3 years
— higher pressure storage tank systems are an alternative in special cases
— in complex systems with many heat sources and loads, like in a densely
populated industrial area, coupling between processes and a good man-
agement sometimes may make heat storage unatfractive
— proper use of thermal stratification is essential for cost effectiveness
— small heat storage systems are proven economical where high peak loads
exist, e.g. domestic hot water stores :
— medium size heat storage systems have a high but as yet poorly assessed
potential
— the potential of water heat storage systems is not studied in depth, prelim-
inary figures range from 2-5% of the total energy demand.
physics;
— most heat and mass transfer phenomena inside the storage are well un-
derstood _
— several phenomena, like the rising or falling of plumes from locally hot or
cold surfaces and inlets, are only poorly quantitatively documented
— the heat dispersion coefficient is reported to be normally 30-50% higher
than the conduction coefficient, but in the thermocline values up to 80
times higher are measured
— thermal stratification in a water heat storage is very stable and is sufficient
to maintain a sharp thermocline, making other measures (like baffles) su-
perfluous
— making and maintaining a perfect stratified storage requires a
sophisticated control strategy and a good design of storage and diffusers
— the concept of exergy can be used as a thermodynamic quality of the ther-
mal stratification in the storage, but as mostly no work is done this term
can sometimes lead to misunderstanding
modelling
— most models discussed simulate the systems they are designed for quite
well
— no model was found integral modelling all phenomena discussed
-— general models of plumes and jets inside the storage have not been found
— register models are needed for low flow control problems
— simplified models for optimisation (design) purposes are emerging but
need more attention
construction;
— water proves to be the best heat storage medium available for most pur-
poses
— pressureless hot water storage in large cylindrical tanks is the best solution
for large systems (i.e. district heating)

LA Al of A gEEy TR A Y
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mild steel is the preferred construction material
no coatings - ~Aded inside the storage as long as fresh air is prevented
to penetrate
the height diameter ratio of large storages is mainly determined by stress
in the steel wall at the bottom and shows an optimum surface/volume
ratio for H/D = 0.5 (according to Scholz) and an economical optimum for
F1/D from 1.5 to 3 {(according to Hedbick)
diffusers for the in-and outlet flows can be constructed easily as to preserve
thermal stratification by avoiding any vertical water velocity
heat exchangers inside the storage should be avoided from a thermal
viewpoint
measurement, testing and validation;
measurement of the temperature field in the storage is quite accurate and
shows the very good stability of the thermal stratification (no horizontally
temperature gradient)
several techniques are used to measure the velocity field inside a storage,
an inaccuracy of less than 5% can be reached
measurement of the storage heat loss factor as a function of the storage
height are reported to be very difficult
standard test procedures for water heat storage systems exist in some
countries
the test procedures fail to qualify the ability of the storage device to pre-
serve thermal stratification
black box testing of the storage is preferred, but a more white {physical)
model may be necessary at low flow rates
second order parameters, like dispersion at the inlet, the thermocline and
a heat exchanger and the behavior at low flow rates have to be tested in
new procedures
model validation has to be extended to low flow storage systems
control; '

most heat storage systems can be better controlled, the flows of supply and
load being the most important control variables
in most heat storage systems a momentary (conventional) control is
insufficient as it is unable to anticipate changes in demand and supply
dynamic optimal (anlicipating) control can increase the performance con-
siderable (20% reduction of auxiliary energy use reported)
design parameters can also be optimized in the dynamic optimisation pro-
cedure
dynamic optimal control can be used to develop practical, near optimum
control strategies

The two days workshop has led to a good overview of the field of water heat

storage systems thanks to the efforts and good preparation of individual
participants and the open discussion. The initial discrepancy between partici-
pants working on large district heating systems and those working on smaller
{(mostly solar) systems due to a different nomenclature soon disappeared as the
same problems were discussed.

state of the art 107
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Proc. IEA Workshop on Thermal Energy Storage for Solar DHW Systems, San Diego, : 8 5
California. Feb. 10-11, 1995,

COMPACT HEAT STORAGE FOR OPEN SOLAR SYSTEMS

J.Rekstad, L.Henden and D.Sultanovic
Department of Physics, University of Oslo, Norway,

B.Bjerke
SalDat AS, Bzerum, Norway

and

J.R.Johnsen
Solnor AS, Holmestrand, Norway

Abstract: A tank in tank heat storage is suggested {or application in open and
semi-open solar systems. This solution gives the best opportunities
for a low cost flexible design with high performance providing hot water
and space heating.

The basic properties of the tank-in-tank concept are presented.

1. Introduction

A new saolar heat concept based on roof-inttegrated aluminiurn collectors was developed
during the last decade (1,2), and is characterised by the utilisation of rivulet flow of
waler in nurmnerous channels in the collector. Due to the operation under atmospheric
pressure water and air come unavoidably in contact, and the water contains as a
consequence a higher oxygen concentration than in conventional heating systems.
Thus the choice of materials and the design of a number of system components had to
be changed in order to serve efficiently under the conditions offered by the new
concept.

In particular the heat storage had to be examined with regard to optimal function
under the present conditions. The objective was to develop a compact and low cost
unit containing the heal storage, pumps, electronic control devices for operation of
the solar system, space heating, auxiliary energy etc. In order to obtain as high gain
from the solar collector as possible, the temperature level should be kept at a
minimum, and the unit should automatically at any time reserve the solar heat for
the energy demand with the lowest temperature level in the system.

The present paper describes the essential features of the storage concept which has
been developed in order to meet these requirements, and which is manufactured by
Solnor AS. Many solar systems with this storage have been installed in Norway during
the last 3 years.

2. On the Solnor solar system

The optimal size and design of the storage in a solar heat system is determined by the
specific parameters for the actual system such as energy and power demand, time
structure of this demand, dimensions and efficiency of the solar collector, temperature
levels, gain factors ete. In order to limit the costs the storage should be given a simple
design and the manufacturing based on standardised products. Qur analysis
concluded with two different designs; for the small systems {one or few family houses
ete.) shown in fig. 1, we suggest a tank-in-tank solution, while we for larger systems
apply separate tanks with external heat exchangers.
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Figare 1. Solar heat systemn for family house. The system provides solar

energy for domestic hot water and floor heating.

A special feature in the present concept is that the water circulating in the solar
collector also serves as the storage medium. The condition is that the collector may
operate with pure water, and protection against freezing or boiling is a built in
property. This is achieved by introducing free space in the storage serving as a
expansion volume. The water in the collector during operation is automatically
drained and included in the storage as soon as the collector pump stops. The
operation of the pump is centrolled by means of the temperatures.

If the system is used for space heating, e.g. in terms of floor heating as illustrated in
fig., the storage medium (water) also circulates in the floor heating system. A new floor
heating controller has been developed in order to obtain an effective temperature
regulation of the floor heating system. Due to the large heat capacity of the floor itself,
temperature regulation in terms of thermostat feed back is inappropriate. The new
controller calculates the duty fraction necessary for the pump under the given
temperature conditions in the storage medium and the outdoor temperature. Hence
the whole regulation is based on intelligent operation of the pump itself on the basis of
evaluation of heat demand performed by a microprocessor in the controller unit.

The appropriate size of the storage is found by means of full simulations of the
operation of the systermn under various external conditions. A simulation program
which takes care of the special features of the present solar system has been developed
{3). Compared to commonly used simulation programs, e.g. TRNSYS, the climatic
parameters are treated as probability functions which take care of known correlations
between series of good weather, bad weather and temperature conditions. The
simulation is done with a Monte Carlo method, and can easily be performed for any
geographic location without detailed knowledge about local weather and solar
radiation. The calculation for one year in steps of one hour, is carried out on a
standard PC within 10 seconds.
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As an illustration the net solar energy gain has been calculated for two situations
under the conditions valid in the Oslo area in Norway. The first example is a system
for domestic hat water with an annual demand of 6400 kWh at a water temperature
of 50 ©C. A solar collector of 10 m? is mounted in 45 deg. angle toward south. Fig. 2
shows the net sclar energy portion achicved as a function of the storage volume. The
insert in fig. 2 shows the water consurmption during the day which has been employed
in the simulation.

The second example shows the combination of water and space heating. We assume
the same energy demand to domestic water as in the first example, and in addition a
demand to space heating of 8000 kWh per year. The heating demand per month is
shown as an insert in fig. 3, which present the solar energy gain as a function of

storage volume with a 20 m?2 collector area with 45 deg. tilting angle.
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Figure 2. Figure 3.
Net solar energy gain pr. sq.m Same as for fig. 2.
versus storage volume calculated for Collector area: 20 sq.m
the Oslo area. The collector is south- Load: Domestic hot water as in fig.?

oriented with 45 deg. tilting angle. Floor heating according to insert,

annual demand is 8.000 kWh
Collector area : 10 sq.m.
Load: Domestic hot water according
to insert, annual demand is
6.400 kwWh.

Both examples reveal the same dependency on the storage volume, the solar energy
gain increases rapidly with the size of the storage until a volume of approx. 300 to 500
litres, thereafter only a moderate dependency is found. A standard storage size of 500
litres seems to satisfy the requirements to a multipurpose storage for the present
market segment.

3. The tank-in-tank storage.

As pointed out above the low pressure system allows a storage tank which operates
under atmospheric pressure to be directly connected to the collector water circuit
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without introducing heat exchangers. The mechanical dimensional criteria are

significantly relaxed compared to high pressure systems, and one may use other
shapes than the usual sylinder or sphere types for the storage tank.

The standard tank in tank heat storage consists of a 488 1 outer tank with quadratic
ground plane of 62.5 x 62.5 cm and with 125 cm hight, manufactured in 2.5 mm
thick aluminum. The inner tank with volume of 198 1 is manufactured in stainless
steel and is partially immersed in the outer tank. The inner tank contains the
domestic water and is designed for water pressure up to 9-10% N/m2. The available
volume in the outer tank contains the system water under approximately atmospheric
pressure. The details are shown'in fig. 4.

——

Figure 4. Solnor tank-in-tank storage. Details are given in the text.

1. Main storage volume of 3701, 4. Thermostat, adjustable. 7. Bearing frame
2. Domestic hot water tank, 198 1. 5. Pump 8. Rubber gasket
3. Electric heat element, 3 kW 6. Connections 9. Controller




Approximately 50 % of the volume of the inner tank is siluated above the water bath,
and contains domestic water of the desired temperature. This temperature is fixed by
means of a thermostat which regulates the auxiliary heating in terms of an electric
heat element or a heat exchanger connected to an outer source (district heating
system, oil- or gas burner etc.).

The storage is isolated according to the local standards. usually 5 or 10 c¢m thick
mineral wool. The whole unit is covered by lacquered metal plates or plastic sheets.

Campared to more conventional storage concepts, the present lank in tank system
provides cost reducing solutions in terms of direct connections to collector and to floor
heating which eliminate two heat exchangers. An air volume at the top of the storage
tank serves as expansion volume for both circuits, and the new steering device for the
floor heating offers a severe reduction in costs and installations. Finally the storage is
equipped with necessary connections to auxiliary heat sources both for space and
water heating. Hence the present unit represents a full substitution for the water
heater and heat central needed in standard hot water and heat supplying
installations.

The Norwegian price for this storage including pump and control unit exceeds the price
of a conventional water heater with approximately 1000 USS$ .

4. Function properties

The physical properties of the storage are given by the volume, the heat exchange
efficiency between the two water volumes and the ability to produce temperature
stratification in the storage volume,

The geometry and size of the tank containing the domestic water are important design
factors. it is mandatory that the installation provides sufficient amounts of hot water
with required temperature at any time, independent on the availability of solar energy.
Consequently the inner tank needs a certain volume of hot water of the desired
temperature. The size of this volume is related to the peak load and delivery
characteristics for hot water and on the power capacity of the auxiliary heating unit
which is thermostat regulated. The present design gives a volume of 100 litres above
the water level in the outer tank as the hot water reserve. Due to excellent
stratification properties in the inner tank, this volume is well fitted to the normal
demand of hot waler in a family. The power of the auxiliary heat device determines the
load capacity. Electric heat elements up to 3 kW or heat exchangers with capacity up
to 8 kW can be installed in the upper sectlion of the inner tank.

In the present concept the storage capacity is mainly bound to the outer water
volume. This seems reasonable since the power peak values delivered by the solar
coliector are much larger than the corresponding values in the demand of hot water.
Thus, the heat exchange between the systemn water and the domestic water is
restricled by the structure in the domestic hot water load only. Since the {loor heating
system is directly connected to the system water, the delivery capacity is to the first
order independent on the heat exchange between the two tanks.

The heat exchange efficiency between the two tanks has been measured by Solnor (4)
for the configuration with half of the inner tank itnmersed in the outer tank. One
obtained a heat exchange coefficient of 390 {50) W/deg under stationary temperature
conditions and water velocities less than 2 mm/sec. The cross section area is 0.77 m?2.
This heat exchange capacity corresponds nicely to a narmal hot water load, under
which the temperature difference between the inner tank and outer tank rarely exceeds
5 degrees.
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5. Conclusions

The tank-in-tank heat storage has revealed good properties in combination with self
draining solar systems like (he one manufaciured by Solnor. The low cost of this
storage brings us closer to the aim of making solar energy competitive with
conventional energy sources.

The measured heat exchange capacity fits well with the demand of hot water. The
design provides that the storage temperature and consequently the inlet temperature
in the solar collector is kept as low as possible. This result is consistent with the
experiences gained in a large number of solar systemns in Norway equipped with this

storage type.

The next generation of the storage concept is presently under development in
collaboration with Institut ftir Thermodynamik und Warmetechnik, University of
Stuttgart and OSO Hotwater AS in Norway. By a slight adjustment of the geometry we
expect to obtain even better development of stratification than in the present design.

Financial support from the Norwegian Research Council is acknowledged.
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Solar Energy Research Center, SERC
University College of Falun Borlinge
Box 10044, S - 781 10 Borlange
SWEDEN

Workshop on Thermal Energy Storage for Solar DHW Systems

February, 10 - 11 San Diego, USA

Klaus Lorenz and Chris Bales:

Traditional Storage Systems used in Sweden - design and performance

Nearly all Swedish domestic solar systems (90%) are are not only DHW systems but

combined systems: The solar energy is used both for hot water production and space

heating. This is for three matn reasons:

- Storage of solar energy in a steel tank (closed system) is much cheaper than storage in
a DHW tank.

- In Sweden we have a heat demand at the same time as we have high solar radiation,
typically in April, Maj and September.

- In many siwations the storage tank is used by several energy sources, typically
woodburners and solar energy.

I'will present results from measurements of 8 different system designs. They were

tested under the following conditions:

- 6-day test with weather conditions typical for the 6 month summer period in Sweden,

- load: hot water consumption of about 13 kWh a day. Draw off between 6 and 15

/min,

- auxiliary thermostat temperature is chosen so that 140 liters can be drawn off with at
least 40 °C from a cold tank heated only by auxiliary.

Under these conditions the solar fraction for the 8 designs varies between 36% and
70%. :



Weatherdata:

Our aim was to use weather data for the 6 day test representive of the summer period
April - September in Sweden. After having carried out a statistical analysis of the
measured global horizontal radiation,we chose 6 days that best represented the real
weather (in terms of total daily irradiation and variation of the irradiation). Then we
chose the succession of these 6 days in order to achieve the most probable combination.
The sequence starts with a sunny period, then a cloudy period and the last day has a
little sun and large variations.

The following table shows

- irradiation on horizontal plane H [kWh/m2]
- irradiation on 40° tilted plane (south) Ht [kWh/m2]
- total irradiation on 10 m2 solar collector

(40°, south) Hi, 10 [kWh]
Day H Ht Ht,10

[kWh/m2] [kWh/m2] [kWh]

1-(910731) 6,584 8,06 80,6
2 - (910805) 5,72 6,84 68,4
3 - (910821) 4,41 4,81 48,1
4 - (910802) 1,40 1,29 12,9
5 - (910803} 2,81 2,68 26,8
6 - (910820) 3,93 4,66 46,6
Total 25,11 28,33 283,3
Load :

The load in this first test is only hot water consumption. It i chosen to be as high as
15k Wh/day to suit the fairly large tank (750 1) and quite alarge solar collector (10 m2).
In the future we will test both DHW and space heating load with the same equipment as
is usually used in Sweden. The following 2 day load sequence was chosen:

Day 1 D-ay 2
Time : 7:00  12:00 18:00 20:00 7.00 12:00 18:00 20:00
DHW flow {I/min]} : 12 6 12 15 6 12 6 12
DHW volume 1] : 108 65 60 140 63 69 120 120
DHW energy [kWh] : 377 2,26 2,69 4,88 220 2,41 4,18 4,19
Load time [min] : 75 45 42 18 88 4,8 168 84

This 2 day load sequence was repeated 3 vmes for the 6 day test. The data in the table
are calculated for a temperature rise 10° 10 40 °. In reality the incoming temperature
was 6 - 10 °C, the mixing valve was set 2l 50°C with the option of giving an error
message when the outgoing water temperature was below 40°C.The load was stopped
with the amount of energy as the goveming factor.
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Heat exchanger:

Finned tubes : Nom. diam. Inside diam. Tube length External heat
tranferarea

[mm] [mm] [m] [m2]

Finned tube, type 1 22 16,9 11 2,74

Finned tube, type 2 28 22,5 3,5 3,01

Finned tube, Lype 3 22 16,9 15 3,73

Flat plate : '

Lype : Alfa Laval flat plate CB50-10

dimensions : 500 mm x 100 mm x 30 mm

plates : 10

Legend :

Qsolar Solar energy into the tank

Qel Electricity from the auxiliary heater

Qsolar rem  Solar energy remain in the tank after 6-day testperiod

Qloss Heat losses from tank

Tel Auxiliary thermostat temperature

Solar fraktion SF= 1-{Qel / Qload*)

Qload* = Qload + (Qsolar rem X (Qload / (Qload + Qloss))
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CONCLUSION

L. All subsidiary systems which are included in a storage system should be
constructed in such a way that good stratification is achieved and retained.

2, The electrical auxiliary heater thermostat setting shall allow the water to be
heated with as low a temperature as possible to achieve a high solar fraction

3. The system with 2 heat exchangers (system 2) - a pre heat exchanger- and a final
heat exchanger - is much more efficient than systems with only one heat
exchanger (system 1).

4, The electrical auxiliary heater shall be mounted between the pre-heating coil
and the final heating coil, the exact position depends on the dimensioning load.

5. The DHW storage tank allows a thermostat setting at a relatively low
temperature for the electrical auxiliary heater - which is a condition fér a high
solar fraction.

6. The DHW storage tank however destroys stratification during draw off which
counteracts the advantage of a high solar fraction

7. An attempt to achieve stratification with the help of a funnel between the DEW
storage tank and the tank (system 8), gives no improvement in the design tested.

8. Comparison between the different system designs showed that the use of
auxiliary electricity was reduced by half (comparing an unfavourable system
with a good system)

9. If any of the components in the system effectively counteract the temperature

stratrification in the tank, the advantages of the other components cannot
utilised. The development of all tank configurations must be to build up a stable
temperature stratification in the tank both when storing and removing heat



Solar Energy Research Center, SERC
University College of Falun Borlinge
Box 10044, S - 781 10 Borlinge
SWEDEN

Workshop on Thermal Energy Storage for Solar DHW Systems
February, 10 - 11 San Diego, USA

Klaus Lorenz

Spiral Small Tube heat Exchanger SST

The aim of the development work is to produce a heat exchanger that is suitable for a
low-flow SDHW system. The following specifications for it have been defined:

Heat transfer capacity (UA) 750 W/K (minimum)

Collector loop flow 1 - 1.5 /min with medium (40%) antifreeze mixture

Tank loop flow 1 - 1.2 Vmin with pure waler

Pressure drop, collector loop 50,000 - 100,000 Pa

Pressure drop, tank loop 30 - 60 Pa

Low material usage 3 kg of copper tubes (maximum)

The construction is based on small copper tubes which are connected in parallel and are
wound in a special geometric pattern (spirals) around a central core. These spiral tubes
are housed inside an outer containing tube. The collector loop fluid is pumped through
the parallel-connected tubes while the heated tank flnid circulates with natural
convection (thermosyphon) past the outside of the tubes.

The SST heat exchanger construction was presentet at the Task-14 meeting in Seville in
january 94. :

The construction is shown in figure 1, the machine for winding prototypes is shown in
figure 2 and the first prototypes are shown in figure 3.




Figure 1: SST heat exchanger
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Figure.a 1 s‘hows the fundamentals of the construction of the SST heat exchanger and its possible
locations inside or outside the tank. We have, up to now, only examined the external placement.
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for winding

the tubas into spirals.

&

Figure 2: SERC's machi

Figure 2 shows the machine for winding the tubes into spirals. Spirals of up to 80 cm in height
(length) can be wound with different pitches and with different diameters. The distance between
adjacent tubes is 0.4 - 1.5 mm. Several different methods of connecting the small tubes

together at the ends have been tried.
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Figure 3. Examples of the prototypes made at SERC. From the left: Proto 2, 3, 4,5,6 & 7 with

the containing tube and connections.

W

i

i

I

igure 3 shows several prototypes with different geometries that have been tested at SERC. All

were connected externally to the tank with a difference in height of about 1.0 m from the heat

exchanger's midpoint to the tank inlet.

F



A typical SST prototype is made of about 100 m total tubelength with external
diameter 2,3 - 3 mm, internal diameter 1,2 - 2 mm. Each tube has an typical lengh of
2.5 - 4,5 m and we use 20 to 40 tubes in parallel. The weigt of copper in one SST is
about 3 kg. The theoretical calculations give an overall heat transfer coefficient of more
than 1000 W/m2K. The measured values are 30 - 40 % less.

Figure 4 shows a comparison of measured overall heat transfer coefficient for SST
prototypes and flat plate and straight tube heat exchanger. Typical U-values for 1,5
1/min ‘solar flow are about 1000 W/m2K for SST heat exchanger, what is more than
twice the value for the traditional tube and flat plate heat exchangers under the same
conditions. ;

Figure 5 shows a heating cycle for an SST prototype mounted outside the tank. The
figure shows quite good stratification of the tank. The UA-value is about 600 - 800
W/K, increasing for a warm tank. : '

100
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Figure 4: Overall heat transfer coefficient
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WORKSHOP ON THERMAL ENERGY STORAGE FOR SOLAR DHW SYSTEMS

SOLAR WATER HEATER TANK DESIGNS IN THE USA

Les Nelson

President California Solar Energy Industry Association
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Top T & P Relief Vailve
Opening

Located on top front
of tank for easy

and economical
installation.

“OVERCOAT ™ "
Foam Insulation
Surrounds tank and
reduces stand-by heat
loss to a minimum.

R factor of 16.7.

Special Safety £.C.O.
Cut-off Switch

Automatic Temperature
Regulating Thermostat

Rugged Drain Valve
Gives lasting
dependable service

Low Profile Draft Hood

Approved Dip Tube
Formulated to give
maximum delivery
of hot water

full Anodic Protection
Specially designed
anode rod provides
greater tank protection
for longer life.

Special Design Flue
Baffle for Maxtmum
Heat Transfer

Unique Ameri-Glass
Tank Lining
Manufactured of
selected formula
porcelain glass, oven
cured at 1600° F to
assure the finest lining

in the industry.
L

Rurner Designed for
Low Nox Emission

Individually Tested
Tank

in keeping with our
policy of continuous
product improvement
we reserve the right to

Long Life .
Thermocouple make minor chaqges
without prior notice.
& ™
MOR-FI1.O AMERICAN

INDILIS TRIES, 1A,

18450 SOUTH MILES ROAD
CLEVELAND, OHIQ 44128-4200
{216) 563-7300

&t

e
AN FiLOV/A MERICAN

Water Heatesr®

APPLIANCE MFG. CORE.

2341 MICHIGAM AYEMUE
SAMTA MOMICA, CA. 80404
(21218291755 ® (213) A70-8641
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INTEGRAL COLLECTOR STORAGE SYSTEM
TEMPERING VALVE AFTER BACKUP

"BREADBOX" SYSTEM
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THerRMAL
Convension
TECHNOLOGY

B i’roqrassivTube®

The Progressiviube®
PT-40-CN passive solar water
heater i= a self-contained unit
that acts as a solar collector
and storage tank Integrated
Into one piece of equipment.
In most systems the unitis
utilized as apre-heaterto s
terminal, instantaneous or
conventional water heater.

e PT-40-CN
The PT-40-CN is a passive
system because it has no mov-
ing parts and operates on local
walter pressure and solar radia-
tion. There are no pumps or
controls to maintain and no
electrical energy is required to
make it function. Once instafled
the system will operate automa-
tically. When hot water is used
in the househoid, solar pre-
heated water is drawn into the

conventional water heater,
reducing or eliminating elec-
tricity or gas usage for heating
water. However, as with all solar
water heaters, the total amount
of solar contribution to the
system is dependent upon the
hot water consumption pattern
of the household, daily weather
conditions, and variable
amounts of available sundight
throughout the year,

it

COLD IN

HOT OUT

Hot Cut

welded into a series flow pat-
tern so that the top of the lower
tube feeds the bottoem of the
next tibe. This allows the

The collector/storage tank of
the PT-40-CN absorbs solat
radiation through its selective
surfare coating which raises
the temperature of the water
stored in the collector. it is well
insulated with ¢losed cell foam
and the unit is double glazed
for increased heat retention.
The eight copper tubes are

PT-40-CN

PT-40-CN to contain the colder
replacement water in the lower
tubes where it is heated by the
sun as it flows from one tube to
the next. Each time hot water is
used, the PT-40-CN's innova-
tive design eliminates the cool-
ing down of the remaining
heatad water that normatly oc-
curs in other types of solar
water heating systems. Not only
does this design ensure the
delivery of the hottest water, but
it also provides more hot water
at a higher temperature and
with a faster recovery time

than soltar systems of

similar capacity.



GLAZING GASKETS: A continuous
gasket made of special long life EPDM
synthetic rubber is compressed by the
glazing caps to seal out the weather.
The inner glazing spline is made of
high-temperature tolerant EPDM.

\

CASE: The baked-on
bronze acrylic finish of the
hard temper extruded

;" aluminum fraihewalf and
glazing caps assures
years of attractive fust-free
appearance. All rivets and
bolts are aluminum or
stainless steel. Aluminum
back sheet 025"

GLAZING: Quter glazing is tempered low-
iron solar glass with 91% transmittance. in-
ner glazing is Teflon® film, knownfor its high
temperature tolerance (525°F) afid its lang
term durability and stability, transmittance
96%. The 17 air snana betwean glazings
reduces heat loss

INSULATION: Ft'igfd phenotic foam board, the most
efficient insulation available, is used to maximize heat

retention. Sides and ends of the unit have 1.5" board,
R-value 12.5; bottom has 2" board, Rwalue 16.7; be-
tween tank tubes has 1.5” board, R-value 12.5.

Volumetric capaclty: 41.13 galfens
Gross length: 97.75"
Gioss width: 48.25"
Gross depth: 8.4
Gross area: 32.75F712
Trangparent frontal area: 30.91FT2
Weight: Dry 311#, Wet 6454
Flow pattern: Series
Test pressure: 300psi
Design pressure: 150psi
Maximum design temp. 350°F &
Normal operating temp.  40°F 10 200°F @

The PT-40-CN and its mounting system
have successfufly passed static wind load
testing to 180 m.p.h.

Performance-certified by: ;"Wz
Flarida Solar Energy Center -,O'
. Faapt

Pecformance System Ratings

QuET- {2000 BTU/Ft2/Day) = 31,870 BTU/Day
QNET: (1500 BTU/Ft2/Day) = 24,208 BTU/Day
QINET: (1000 BTU/Ft#/Day) = 16,540 BTU/Day
QHES: 4,154 ‘

L 1550 BYUMHr » °F

]
i 4.\&'9

L0V

¢

FLUID CONNECTIONS: Inlet and
* outletconnections are made of ¢
nominal 1" diameter hard copper’

ipipes. This allows for fast, leak-free

‘plumbing hook-ups,

ABSORBER/STORAGE TANK:
~ Constructed entirely of copper, the 47
diameter tubes are welded to the inter-
connecting pipes to form a series flow .
pattern. Thetank is pressure ratedto  ~
300 psi; hiolds 41.13 gallons of water,
and is coated with a hightemperature
“selective’ solar radiation absorption -~
surface that maximizes heatgainand .
reduces haat loss, - ' ’

~ Pragressiviube’ PT.40-CN SPECIFICATIONS

o e - -87.75"
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INTEGRAL COLLECTOR STORAGE

)

i
!
i
1
gl
j!'

Low profile hronze anodized abhuritnaern
case won'tfade or chip

SOLAR WATER HEATER

All copper tanks for high collection
efficiency and very long life. Other
manufacturers use glass-lined steel
tanks or low-grade stainless stee! which o
will not last as long as copper in mast Ce e
water situations.

’ -" | E s
= K : Low iron glass to lel the mast light i

Black nickel coaling on coppet tanks
| to keen heal [osses Jown

ﬂ - H Gas or alectric backup tank

[ ; | SRCC :

2 Standard Test 200-82

L 551000 55-2000 88-2000
o 7 {Single Coftector) {Dual Collector) {Durl Collector Tank)
l ’ Q Net (BTY) | 20300 - 33000 3r.ao

— & ; {Tested 1,500 BTU/DAY}
" N ———4’ Q Net (8TU} 76,865 43599 49,065

) : Lo {Adjusted 2,000 BTU/DAY}
Q AES (BTU} 200 10200 31.900
- 1 (HeatLnss) {BTUMHr °F 1354 2837 2837
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SUN Utility Network, Inc.
NEG America, fc.

SUN Utility Network, Iie. :

Las Angeles Olilce:

626 Wilshire Blvd Sulte 711
Lo Angeles, £ 9I7
Tel* KM R22.7332

Fax: 213 6232011

Headquarters Office:

AU Engineer Drive
Huntington Beach.CA 92619
Tel: 711 98-2084

Fax: 7§14 895-261R

Sacramento {lice:

329 Bennett St

Grass Valley (A 954105

Tel 916 475-8322 .
Fax: 916 477-K31

Florica Office

ALT Dixon Blvel Suoite A
Cocona. 11, 32922
Tel- 407 63,
Fax W7 64T

Hawaii {ilice:

{112 Betle! Street
Honotolu 1 96813
Tel 818 536-3212

Faxc 808 5313411 Tomorrow's Soiar Technoingy Today
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Il PACKAGED THERMOS!PHON SYS
. .SPEE!FIEATIDN

DESIGNED FOR HAWAII'S ENVIRONMENT: THE SUNSIPHON DIFFEREN(
CORROSION RESISTANT STAINLESS STEEL TANK
HIGH-PERFORMANCE ALL-COPPER ABSORBER
MANY SIZING OPTIONS AVAIL ABLE

¢ Solid 3161 Marine Grade Stainless Steel
~ Tank Requires No Anode and No e £xliz Thick Foam Insulation
. Maintenance

"\‘ * (atorbond XMA Corrosion Resistant Coating
¢ Electric Booster Element

* low tran Tempered Glass

* Rigid Foam Insulation with L.
Binder Fiberglass

» Secondagy Silicor
Glazing Seal

¢ Black Chrome
or Semi-
Selective Black
Paint Absorber
Coating

¢+ Extruded Anodized
Aluminum Casing an:
Capstrip

¢ Caopper Absorber

Plate and Manifolds
¢ Primary EPDM Glazing Seal-

* Painted Aluminuun Backsheet -

AT RTRS AN S TU U B AR 8 1AL R L B AEVA L
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O WORK FOR YOU!"

HOW THE SOLAHART 80GE SYSTEM WORKS

As hal i risns, the water will tise naturally into the lank, b

Sallul cyslete sjseeate an e poe sive ietnoaypiaopeiseiple .
ing i waler

ool with . . . . . .
ted This cirenliion iy accomplished without the need for pump
consals 0l Aty moving patls Whal could be more effective?

Yot hiob water in aloeed man BU galton ke g
by ensndss ol vilteone ensenel (glaas) Ane is hickly e

[ sy oty bente Boeweior n [ solos enlfeotors

8 powerful reasons why Solahart is the fastest
solling sofar hot waler system ’

The Solahart 80GE is a proven
performer in elficiency, style and quality.

N

A yon kraes e foswes ioving parts, the fess problems y

RIS NIl !

1. Stvlish Stimline Design. The slichk dine e et et with
Susatinet's distingtive trime
2 Hot Water Al Year Round. b hone low daye 2 it
whan there's insufticien! solar energy 2 hinhdy oo
boasior maintaing watn) inmpstalise
3 Superior Protection. The hig B0 gqallon: ~danaogy o 50 e
niatected from the harshiast watern witlo ot jued ares B dow
coas of Primagiaze vitreous enamel plis A sacitord woade § Selar Glass, Supor qualily ol glass s looghe: providing
A rmajor breakihrough in corrosion conliol balty pardormanan, potecion and appeaianca
~
4 High Density Insulation. The cylindes is inontsiod i foagi- 70 1 coks Relter, Lasts Longer. ptoven preimium quality alumis
alominum case by the pressure injectad High donnily tmed (o Sotahont's eollecter cosing, Inoks better, lasts Inger
polyurelhane foam  Your water siays hatter Ioneger
A Proven Performance. Maxitmuim absorplion of solar energy
5. Proven Insufation. Sulahan colleclors are insufatod wih in achieved by the large coltectorr. designed 40 frap mnte he:

fiberglass for maxirmiim heat retention and pedernman e

aned tiansfer it more affoctively
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0JK is one of the most

e Solahart 18

officient closed circuit solar heating systerms
under the sun.
11 pawerful reasons why Solahart is the

world’s fastest selling solar hot water system.

Sexlish Slimiine Design.
e lines are enhanced vith Selabag s
distinctive lack trim. -

Hot Water All Year.,

For those few days al the yoar wheathers
insufticient solar energy, a highly efficient
banster maintains water toimprer atare

Hot Water Technology.

Themajor technical breakthrough tes
Solahartis the use of asealed jacket around
the storage cylinder. This aliows the closed
circuit fluid ta flow from the solar absot ber
panel aroundthe outside of the starage
cylinder and transfer its heat intc the wate
storedinthe cylinder Theresult  hotwates
free from the sun ready and waiing fen yonr
use

4 High B, Proven
Density Performance.
Insidation . Maximum sbserptio

solar energy is achiever
thela ge collector
designed to trap mare hiear
and eransfer it efficiently

9. Solar Glass.
Superior goality Solar Glassis
taugher, providing better
Pt formanee, protectionand
appeat ance

10. Freexe Protection.
Snfahact s evclusive closed <ircnit
technology is ali the protection you needt
jr event foceringin cald climate areas

1 1. Exclusive Multi Flow Absorber.
G eatly increascchear ceansinisgion 1o
teansfor fhiad

Ihmeylindes is
inwdated initsiough
alnanim casehy pressure
irgrc ted high density
polynethane foam. Yo aate
stay<hotter - langer

& Suprrior Protection

The 180 Hitre storags ¢ yineke bopricieried
{rorm the harshest warer withnnt one, hut,
taesgmatsof Prinaglize vinncmns snamel phoos
sactificial anode . Amaps b ealrglin cnghiin
o osion cantrob

& Corrnsion Protectian

THe exclusive claseds oo mespstensalse
eliryinarest isk of the e alloctea plare e argoding
a1 ¢ Iagging ot the inside

T LookeBetter,Lastsl anger
Pr oven premivm qualicy af peniiin, vsed for
Solaharrecallactar rasivgbaalebetrer lacee
lrsrger

®Solahart

ot water fiee fionn the sun

-
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Solaraide models meel or exceed the
most demanding energy etficiancy
standards for solar storage tanks,

The swsinlier one choce of DiemieiG rolesso: s

"RHEEM WATER
MANUFACTURING  HEATER
COMPANY DIVISION

5780 Peachtiee-Dunwoody Ruad N E.. Atlanta, Georgia 0342

PRINTEDRIN U S A & 90 BP

RHEEMGLAS Solaraide” FOR SOLAR WATER STO

CONSTRUCTION FEATURES

All Models—

2. Rheemgtas Tank—Rheern™ water heater tanks are made of special materials with exact:

1. R-Foam insutation- -iigid -16.7 potyurethane foam for improved economy and fuel
savings. The use of our patented insulator foam staps allows R-Foam to be injected
directiy between the tank and outer jacket This uniform R-Foam application minimizes
the possibiiity of costly heat tnss caused by uninsutated areas (voids) common © some
other foam processes

ing care. The tank surface is coated with an exclusive porcelain formula called
Rheerrqglas and fused to the solid steet at 1600° The result is a smooth, tough, glass-
like lining that efiectively resists the corrosive attacks of hat water chemicals, thereby
assuring tong water heater life. Tank is designed and tested to withstand 300 PSI hydro-
static test pressure for working pressure of 150 PSI. U.L. Standard.

3. Coftector Feed—Locdted 7 above the bottorn to help prevent scale or sediment from

“entering solar coflector system.

4. Cotd Water Infef---Brings cold water to tank bottom to prevent mixing with already

heated water

designed to ratch “cal water chemical characteristics throughout the U.S.

5. Anede Rod—Equalizes aggressive water action; different types factory-installed and
6

. Cotd Water Infet, Hol Water Qutlet, Relief Valve and Anode Red—At top of tank for
&asy access and fast, economical instaflation.

1. Coftector Return Qpkning--Located near the front of the tank to allow for convenient

instaflation.

8. Threaded Sensor Stud---Located for positive tank sensor mounting.

Electric Models—
9. Etettrical Junction Sox--(for 5™ and 34" conduit) placed 2bove heating element for

easy installation.

10. High-EHiclency Heating Elements-—Specially treated, double layer of magnesium oxide

1.

and tinned copper 1o resist corrosion; replacements screw in easily. ¥
Automatic Temperature Confrol—Thermostat keeps water at desired temperature.

12, Over Temperature Protector—Automatically cuts a#f power in excess temperature

situations

Raisad 7° from the bottom, the outlet
to the solar collector panels helps pre-
vent scale and sediment from entering
and circulating through thé solar system.

A special threaded stud is also welded
to the 1ank near the outiet for attach-
ment of tank sensnrg

"t Xeeping with its policy of continuous progress
and product improvement, Rheem reserves the
right to make changes without notice
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', W carLson [l
- HEAT EXCHANGERS

| —UNIQUE PARALLEL PLATE CONSTRUCTION—
—HIGH PERFORMANCE—
[ —ALL STAINLESS STEEL—

P &

&
MODELS PICTURED LEFT TO RIGHT HE 2.0, HE3.5, HE 5.0, HE 10.0

MATERIAL: 304 STAINLESS STEEL (STANDARD)
316 STAINLESS STEEL (OPTIONAL)

FABRICATION: ALL T.L.G. WELDED

MAXIMUM OPERATING TEMPERATURE: 500°F*
- MAXIMUM WORKING PRESSURE: 150 PSI*

————
i
. 1

/7 . .
1 INLET ST 5 L r—r—— W
X A ’ rm R G ?__ INLET
- OUTLET< Rl RT3 Jj | B
{ ‘:Mz_t mmmq OUTLET

Note: in all drawings and graphs End designated A is fluid from the heat source, i.e., solar panel or boiler.
End designated Bisfluid to be heated, i.e., domestic hot water, water for space heating, swimming pool, hot
{ tub or spa water, eic.
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~| SUNBURST DBS DRAINBACK SYSTEM

94% EFFICIENCY

DE-12 TANK

DAS-12 SYSTEM

HEIGHT
-

DIAMETER

WaaE i
&

EMPTY

LN N

FULL
SRS

CAPACITY

HEIGHT

DIAMETER

eng Lty ey,

EMPTY
RS

FULL
123 LRS

CAPACITY

[ER R Y.

O RALT

| componenTs |

\—

HIGH HEAD
LOW ENERGY CIRCULATORS

DIFFERENTIAL
CONTROLLER & SENSORS

fluid automaticafly “'Drains Back"

The DBS-12 heat exchanger is utilized in a closed-loop freeze protection system. The -
heat transfer fluid (distilled water) is circulated hetween the solar collectors and a heat
exchanger coil enclosed in the drainback tank. A differential temperature controller per-
mits flow only during efficient collector conditions. During non-solar efficient periods, the
from the collector to the heat exchanger tank.

FULLY PLUMBED. ..
READY TO INSTALL!

I ey ALK
HRAT RN CHANTER

rraroe
-

CONSTRUCTION

WHITE ENAMELED STEEL
EXTERIOR TANK

STAINLESS STEEL DOUBLE
WALL INTERIOR TANK

ALL-COPPER HEAT EXCHANGER

FULLY INSULATED...
FIBERGLASS &
POLYURETHANE

LIQUID LEVEL GAUGE
OPTIONAL

SUNF

4315 Santa Ana Street, Ontario, CA 91761 [’

{714) 984-8737

In Calif. 800-641-3030 Fax: (714) 988-0477




SUNBURST DBS DRAINBACK
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SYSTEM

j Solar
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FIGURE 2. BSAR TR-ll Concentrating Solar Collector System
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(a.) Daytime Sun Tracking and Distilled Water / Hot Water Production:
*SUN turns water to STEAM in collector #STEAM travels to hot water tank *STEAM gives
up heat to HOT WATER tank and condenses to DISTILLED WATER

COLD WATER
MOON .
o™ FILL VALVE l- HOT WATER

LIQUID MINERALS
& SALTS DRAIN
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(b.) Nighttime Boiler Drain and Reflector face down Stow: eFill valve closes
and drain valve opens at dusk eBoiler water with the days accumulation of
salts/minerals in liquid form drains from the boiler into the sewer

Figi.lre 1. How Your TR-II Solar Collector System Works to put
" SUN IN YOUR BATH AND GLLASS *.

BLB version 1.5 10/10/94 2



1307,

A STEP9: Turn on gas valve or circuit breaker.

A STEP 10:  Locate the cold water inlet line to the hot water
: watg tank. Install
Valve Assembly provided. This will be the cold water supply to the colloctc[)l:f Seddie

TURN OFF GAS OR ELECTRICITY, UNSCREW & REMOVE DRAIN VALVE
SHUT OFF WATER, DRAIN TANK (Use Leather Gloves To Protect Hands

I 1

SCREW IN TANK ADAPTER SCREW DRAIN VALVE INTO ADAPTER

SLIDE HEAT EXCHANGER INTO ADAPTER TIGHTEN HEAT EXCHANGER NUT,
DO NOT ROTATE HEAT EXCHANGER

Figure 9. Hot Water Tank Adapter/ Heat Exchanger Installation

BLB version 1.5 10/1094 16 | l



WORKSHOP ON THERMAL ENERGY STORAGE FOR SOLAR DHW SYSTEMS

RATING AND SIMULATION OF HORIZONTAL STORAGE
TANKS
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RATING OF SDHW TANKS

Australia has three performance rating standards and one design and construction standard for
solar water heaters.

AS2813 - method of test for thermal performance - simulator method

AS2984 - method of test for thermal performance - outdoor test method

AS4234 - solar water heatfn:s - domestic and heat pump - calculation of
energy consumption

AS2712 - solar water heaters - design and construction

The simulator and outdoor test standards AS2813 and AS2984 treat the solar water heater as a
black box and do not evaluate component performance hence there is no direct reference to
tank performance.

The design and construction standard AS2712 defines a range of material quality and
operational safety requirements for tanks and collectors.

HEAT LOSS AND CAPACITY RATING

Tanks for SDHW systems are rated for heat loss under the same standard as conventional
electric water heaters. (AS1056 Storage water heaters and AS3500 Hot water supply systems).
The test procedure includes a standing loss test and a discharge test. The rated volume of a
tank is specified in terms of the volume of water that can be delivered with less than 12K drop
in delivery temperature from the initial temperature.

TANK TESTING

Electric boosted storage vessels. The standing heat loss and the rated delivery of storage
vessels with bottom booster elements are evaluated using AS1056.

Electric storage vessels with raised elements. Electric boosters in solar water heaters may
be located above the bottom of the tank to separate the function of solar heating and auxiliary
boosting. Evaluation of the standing loss and rated delivery of such tanks requires a special test
to avoid thermal stratification below the electric element. For this class of tank the normal
standing heat loss test procedure is modified to include a mixing pump across the tank to break
up any stratification that may develop as a result of the location of the booster.

Gas boosted storage vessels. The combustion efficiency, pilot consumption, maintenance rate
and the rated delivery of gas storage tanks are evaluated using the test methods in AG102.

Storage vessels for heat pump storage water heaters. The standing loss and rated delivery
of the storage tank in a heat pump water heater is evaluated using AS1056 if a bottom electric
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booster is fitted or the modified procedure if an electric booster is not fitted to the bottom of
the tank,

PERFORMANCE MODELLING

Australian standard AS4234 is a performance rating procedure based on a modified TRNSYS
(8] simulation model. This standard sets out a method of determining the annual performance
of domestic solar and heat pump water heaters using a combination of experimental test results
for component performance and a modified TRNSYS simulation pregram to determine the
annual load cycle task performance.

The procedure is applicable to solar water heaters with integral boosting or preheating into a
conventional water heater and to solar boosted heat pump water heaters. The procedures
defines a means of evaluating the task performance using a short time step mathematical model
of the system and hour-by-hour environmental conditions for the area of interest.

For conventional electric or gas storage water heaters acting as boosters the procedure builds
on data obtained from standing loss tests and discharge capacity rating tests. For off-peak
clectric storage water heaters the temperature stratification in the storage tank is evaluated
throughout the day to quantify the variation of tank heat loss with time, due to cooling of the
bottom of the tank as a result of load flows. Mixing during load draw-off and conduction
between the hot and cold layers in the tank is also evaluated.

For solar water heaters this standard is limited to systems capable of being separated into a
solar collector component and a storage vessel component,

The performance of heat pump water heaters with flat plate evaporators exposed to solar
radiation is evaluated using test results for the evaporator evaluated as a solar collector and
capacity and power consumption test results for the compressor. The tank and the refrigerant
to water heat exchanger performance is based on standard heat loss tests for the tank and a
numerical model of the heat exchanger.

MODIFIED TRNSYS STRATIFIED TANK MODEL

The temperature distribution in the storage tank of a thermosyphon or low flow rate pumped
solar water heater has a major effect on the system performance. Most simulation models use
finite difference techniques to simulate the tank temperature stratification, ie the tank is divided
into a series of fixed size nodes and the variation of temperature with time is computed using
an energy balance on each tank node eg TRNSYS Typed. The energy balance on a stationary
control volume of a storage tank includes enthalpy’s of the fluid streams entering and leaving,
conduction between adjacent nodes and heat loss from the outer surface. The degree of
mixing between incoming fluid and the contents of the tank (and therefore stratification)
depends upon the number of nodes that are utilised. For low flows, there is very little mixing,
and a large number of nodes may be required to predict the degree of stratification.
Simulations of thermosyphon solar preheat tanks have usually been performed with 10 to 15
nodes [7,8], while simulations of one tank systems have required 20 nodes for vertical tanks
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and 30 nodes for horizontal tanks [9]. A detailed study of the short term characteristics of a
horizontal tank thermosyphon system [10] required 100 tank nodes to obtain reliable data on
the interaction of the solar and auxiliary inputs. As the number of nodes is increased, the
solution time step must be reduced to maintain satisfactory numerical accuracy. For a 20 node
tank model, simulation time steps less than 5 minutes may be required [9]. The time step
restriction in fixed node models is due to numerical stability requirements that require the
computation time step to be less than the fluid convection time through a node.

The modelling approach used in the TRNSYS Type38 stratified tank component is based on
the SOLSYS model [11]. Energy balances are formulated for moving segments of fluid such
that the convection terms do not appear. The advantage of this technique is that the
components of the fixed node energy balance equation that have long time constants (heat loss
and conduction) are separated from the components that may have short time constants
{convection due to collector and load flows). The energy balance equation that includes only
heat loss and conduction can then be readily solved with time steps up to one hour, without the
numerical accuracy problems that may be present when there is a convection term in the energy
balance equations. Convection is analysed by a record keeping process on segments of fluid
passing in and out of the tank.

The following features have been incorporated in the Australian modification of the Type38
stratified tank component

Collector side heat exchanger tank model

To overcome freeze problems in solar collectors an antifreeze liquids is often used in the solar
collector loop. A heat exchanger must be used in these systems to separate the antifreeze
circuit from the potable water in the storage tank. To model such systems the Type38
stratified tank model and the Type45 thermosyphon model have been extended to incorporate
various types of heat exchangers between the solar collector and the tank [12]. The heat
exchanger may take the form of a wrap around coil on a vertical tank, an immersed coil in
vertical and horizontal tanks or a horizontal tank in tank annular heat exchanger. For the wrap
around and immersed coil systems the heat exchanger is assumed to operate between the
bottom of the tank and the specified entry point of the collector return line in the tank. For a
horizontal tank-in-tank system the active heal exchange area is assumed to be the sections of
the inner tank that are colder than the heat source inlet temperature.

A Type38 storage tank model with a wrap-around heat exchanger has also been developed.
The thermal resistance for heat transfer from the wrap-around heat exchanger includes
conduction through the tube walls, thermal resistance of the bond between the tube and the
wall, conduction through the single sided fin corresponding to the section of the tank wall
associated with one pass of the wrap around tube and free convection from the tank wall to the
water in the tank. The resistance to heat transfer of a wrap-around coil soldered to the water
vessel is due primarily to conduction in the tube and tank walls and free coavection inside the
tank.

To develop this routine a new TRNSYS stratified storage tank model was developed. The
load flow stream through the tank is modelled using the Type38 model while the heat input
from the collector side heat exchanger is modelled on the basis of laminar flow within the
mantle heat exchanger. For the wrap around coil laminar and turbulent conditions are
considered within the coil. The flow structure and heat transfer in horizontal mantle heat
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exchangers is currently being investigated using experimental flow visualization and CED
modelling. Some typical flow patterns in a horizontal. maltle are shown in figures I and 3.

Heat pipe coupling between the collector and the tank

Transfer of heat between a solar collector and the storage tank via a heat pipe has been
modelled on the basis of heat input into the nodes of the tank covered by the heat pipe
condenser. The temperature of the hecat pipe condenser is taken as the average tank
temperature over the immersion depth of the condenser in the tank. The temperature drop
across the heat pipe condenser is modelled as a linear function of the heat transfer rate. The
heat pipe performance can be modelled in two ways

(a) If the collector-heat pipe condenser system has been tested as a unit the efficiency can be
expressed in terms of (Twc - Ta) where Twe is the mean water temperature in the tank around
the heat pipe condenser.

(b) If the design of the heat pipe condenser is to be studied the collector performance can be
expressed in terms of (Tevap - Ta) where Tevap is the mean heat pipe evaporator temperature.
The temperature drop across the heat pipe condenser is evaluated on the basis of the thermal
resistance of the condenser wall and free convection inside the tank between the condenser and
tank contents.

Thermal dump valve

A temperature operated relief valve has been incorporated in the top of the stratified storage
tank model. When the temperature in the top of the tank exceeds the relief valve upper set
temperature the valve opens. A maximum discharge flow rate is specified so that this valve
will not dump the entire contents of the tank under extreme solar input conditions.

Storage tank auxiliary input

The position of the auxiliary booster in the storage tank of a solar water heater may be varied
to suit different boosting modes. With continuous boosting, the auxiliary element may be
located towards the top of the tank. With off-peak boosting, the auxiliary element may be
located low in the tank to achieve a satisfactory load delivery on days of low solar irradiation.
The auxiliary boost modes and control options include:

(a) Electric in-tank boosting (continuous or off-peak tariffs).

(b)  Dual electric elements operated on different tariffs).

(¢)  User override of the thermostat in combination with any electric tariffs,

(d) Gas in-tank boosting,

(e) Separate éuxiliary tank or in-series booster with the solar heater operating as a preheater.

the separate auxiliary input may be a storage water heater or an instantaneous electric or
gas heater.
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(f)  Solar radiation level controller that overrides the thermostat operation in response to
solar radiation conditions (usually with additional user override).

Two position auxiliary input

The stratified storage tank component has been modified to incorporate two electric boost
elements. This type of configuration would usually be used in a system using a bottorn off-
peak boost element and an upper continuous boost element. Separate thermostats are
specified for each element. The upper element is disconnected when the lower element is
energised,

Computation sequence

The execution time of the stratified tank routine has been reduced by rearranging the
computation sequence. The conduction, heat loss and dump valve analysis is carried out only
once per time step. Iterations within one time step have been limited to variations of load
flow, collector flow and auxiliary input.

Load energy binning

The load analysis section of the stratified tank component has been modified to give outputs of
total delivered energy and volume, and the proportion of energy and volume-at temperatures
less than 57°C and 45°C. This routine can be used to evaluate the quality of water delivery for
a system in which the user can over-ride the auxiliary operation and allow the tank temperature
to vary with solar conditions.

Logic to simulate user over-ride of booster operation

A new tank auxiliary controller has been developed to simulate user over-ride of the auxiliary
heater by pressing a start switch on a one-shot timer, eg for user selected operation of the
booster when the delivery temperature drops to an unacceptable level.

The new model sets a logic signal to 1 for a specified time after the input signal (temperature)
drops below a set value. When the power supply is enabled the power will be controlled by the
in-tank thermostat for a time period given by the one-shot timer period.

SIMULATION RATING SCHEME

The primary Australian rating has developed into a simulation based scheme to over come the
high cost and time delay associated with outdoor testing. This procedure is very flexible
however application to new SDHW configurations will require the development of new
modelling routines and experimental procedures to characterise the components of new
sysiems. The major problem arca at preseni is the characterising of heal exchangers with low
velocity free convection flow on one or both sides of the heat exchange surface,
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Type 4 Tank Model

Solar Energy Lab
University of Wisconsin-Madison

Objective:

Develop a storage tank model
with an in-tank heat exchanger and
compare the model with experiments.

Improvements in the TRNSYS
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Features of the New TRNSYS
Multinode Tank

Current Model:

Up to 15 Fully Mixed Nodes

Different Modes for Inlet Positions

2 In-tank Auxiliary Heaters

User-Specified or Automatic Node Heights
User May Supply Additional Losses for Nodes

New Model:

1 Submersed Internal Heat Exchanger
Accuracy Unaffected by TRNSYS Time Step
Variable Inlet and Outlet Positions / Flows
Hydrostatic Head Output

Conduetion between Nodes .
"Effective” Convection/Conduction (mixing & tank wall)
Models Tanks of Non-Circular Cross Section

Flow Pipes, Heaters Specified as Heights (Not Node#) .
User Specifies N-1 Flows for N Connections

Cén model 6 tanks in one simulation *'giﬂ
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A Why are we still working on tank
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models after 20 years?

3-D transient coupled fluid flow
and heat transfer problems are
difficult:

Conversion from 3-D to 1-D

Plume entrainment

Laminar and turbulent flow

Internal complications:
Heat exchangers
Electric heaters
Wall conduction (axial and
radial)
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Energy Balance on a Node
or ( k+Ak )A,

M gown Cp (Ti-1) Y (Tj g - Ty
mjin Cp (T1in | l myout Cp (T3)
tizin Cp (T21n) UAnx A?LM ‘ m2out Cp (T}

— Qaux UAﬂue (Tfye - Ty = |
J‘ 1 (U+AU)AG (Topy T3
fyup Cp (Tiep)  (K#AK)AC

| or A X (Tip1-13)

Mgown Cp (T7)
N W
| | | o MGEI
A




e

14

Solution Method

Crank-Nicolson

Trnew,i = £(T1:Ti+1, Tnew,i+1>Atinternal -+ -)
Then mix to eliminate temperature inversions >

(Solved iteratively)
Where:
Atinternas = lesser of: At prnsys Or 176 critical Euler,

deadband.

If auxiliary heater must switch on or off,
determine correct At yeepna; :

Thnew,i

set

< Alynternal =™

- AtTrNSYS ——

[\
/]

i)
Hi

unless tank exceeds set temperature or drops below
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What is the Problem?

Natural convection is continuous in both
space and time. Model requires
discretization in both space and time.

Initial Final
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Effect of Time Step on Accuracy
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Internal Heat Exchanger
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Computing h;

p . NuD, d,
=
k

(%JR& Pr
K, +K2J¥/;{Pr?3--lJ

Turbulent flow:

NUDi =

K,=1+3.4f f=(1.82 log,Re)—1.64)

. - 0.7-10

n=1.125 m=1.66

K, =11.7 + 1';5
Pr/3
Laminar flow: r , m )
, a(Re Pr d,J
NUDi = 4.4+ L n
1H{Re Pr d,J
L L
(0.7 < Pr < 10)
y |
0.00398 -0.00236
= Pr-0.7)+0.00398
a 0.7-10 J(r )+0.003

( .
p-|0:-014 - 0'00857](1%—0.7) £0.0114

;_______—-_—.




Imtd gy = Imtd based on surface-to-node temperature

Nug = C5 Repy(1/2) pr(1/3)

12

/
£

e .—i
=

Computing hg
hy = Nu dQ
k
Nll - [NUF3 + NUN3] (1/3)
NuN = Ra(n)
(n=0.25)
2 3.
p“BCped |
Ra = p= 9 Imtd gy
Lk ?

If flow exists in the tank, forced convection should be considereﬁ "
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Typical Experimental Data”
for Internal Heat Exchanger

Smooth Coil Heat Exchanger (Best Case)
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* Farrington, R.B., Bingham, C.E., “Testing and Analysis of
Immersed Heat Exchangers, "SERI Report #TR-253-2866
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Worst Case Heat Exchanger Heat
Transfer Coefficient
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Worst Case
Transient Temperature Profile
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How Choice of C Affects
Transient Temperature Profile
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| Compare model with experiment
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What remains for this model?

Load-side heat exchanger |

Plume entrainment

i,

TRNSYS documentation
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Type 74 for TRNSYS

H. Driick, Th. Pauschinger

Institut fiir Thermodynamik und Wirmetechnik

Prof. Dr.-Ing. E. Hahne

University of Stuttgart

- Germany
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Presentation of the storage - model

’Multiport’

for the simulation of

solar domestic hot water stores

————— —r— —~— —— — ———t —_—
. i
. . ) . . . i . .

- motivation
- typical SDHW stores
- features of *Multiport’

- numerical model

- simulation results
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typical store for

hot water systems

solar domestic

hot water

outlet

auxiliary loop
heat exchanger

electrical
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cold water
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Features of *Multiport’

e —— el e m— — — — — — — ——
et S ——— —— — — —— m— —— — — —

10 connections (5 double ports) for direct charge and discharge

3 heat exchangers (immersed HX oder mantle HX)

Temperature and massflow denendence of the heat transfer

capacity rate of the heat exchangers

optional stratified charging for both, heat exchangers

and double ports

internal electrical auxiliary heater with its own controller

- the heat loss capacity rate form the store to the ambient can be
specified individual of the
- bottom and the top

- for three zones of the store mantie

- the vertical positions of all components are specified relative to the

absolute height of the store
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Schematic of the Multiport / Type 74 store modet:
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p = number of a double port [1...5]

X = number of a heat exchanger [1...3]
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Model of the whole storage
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Energy balance on a storage node

DBIJ
—‘$"~DRI
J+1
Veepg- a0, S
s Ns o a,z = Em@. Cps 181 (0,00~ 0,,) + & (0,,-0,.,21
max ¢ p=l
(UA);, (UA),
*E;- _,‘tﬁ'{" - (0,70,) + & nh:cx,s +(8,5-0;,)
A
* Ao }; - N [0, 0,,) + (ﬂi-l.z“ﬁi.z)]
(UA)S
- # (ﬁi,l_ 0amb)

with: (UA)'y, . capacity rate between the heat exchanger 1 and the storage {kJ/hK]
nhl number of nodes occupied by heat exchanger | (-]
(UA)'\,. capacity rate between the heat exchanger x and the storage [kJ/hK]
nhx number of nodes occupied by heat exchanger x [-]
X = 2 for heat exchanger 2 or x = 3 for heat exchanger 3
£, =1 ifmg, > 0,else £, =0
£, =1 ifmy <0, else £, = 0
£ = 1 if the storage node i is in contact with the node i of
heat exchanger 1, else £ =0

I

£, = 1 if the storage node i is in contact with the node i of
heat exchanger 2 or 3, else £,=0
Aon effective thermal conductivity in the storage [kJ/mhK]



storage outlet temperature [°C]
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| Comparison of Type 74 and Type 38

{measurements on a direct charged and discharged 5 m? storage)

daily energy input [kWhij

daily energy output [kWh]
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Thermal Parameters of Stores for Solar
Domestic Hot Water Systems

H. Driick, Th. Pauschinger
Institut fir Thermodynamik und Wirmetechnik dTw)
University of Stuttgart
Prof. Dr.-Ing. E. Hahne
Pfaffenwaldring 6, D-70550 Stuttgart, Germany
Phone: ++49-685-3535, Fax: 685-3503

Abstract

To assess the thermal behaviour of a store in a solar domestic hot water (SDHW) system,
its thermal parameters must be known. Therefore storage tests are carried out at the [TW.
The results are reported in a standardized test report. This article explains the storage
parameters as used in the ITW test report. A sample of the test report is attached.

Introduction

The technical requirements on conventional hot water storages and domestic hot water
systems are standardized in DIN 4753 and others. In addition to these requirements
concerning closeness, corrosion protection and drinking water hygiene the stores must fulfill
a couple of different specifications, particularly thermal requirements. The knowledge of
these attributes or corresponding thermal parameters is important for the comparison of
different stores and necessary for the choice of a suitable store.

There have been research activities at the ITW on the field of testing hot water stores for
solar systems throughout several years. Based on the 1994 draft supplement of DIN 4757

"Regeln zur thermischen Priifung von Speicherwasserwirmer fir Sonnenheizungsanlagen”,
10 different stores were tested.

The results were reported to the claimants in a standardized test report. A sample of the test
report is attached.

This paper will describe the determined parameters and the influence of some specific
parameters on the performance of a solar domestic hot water system. Hence the discussed
standard solar hot water system is described in advance.
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Parameters of the standard solar hot water syster:

- Store: Heat loss capacity rate 2,2 W/K
Volume of the entire store: 300 liter
Volume of the auxiliary heated part: 165 liter
Heat transfer capacity rate of both heat exchangers: 272 W/K at 20 °C

- Collector Area: A, = 5 m?

17, = 0,8 k =35 W/(Km?);, k,=0,002W(K>m?

- Auxiliary heating: Thermal, via an immersed heat exchanger (constant inlet
temperature of 70 *C, until a temperature of 60°C is reached
at the auxiliary heater sensor).

- Daily load: Hot water with 45°C: 7am 80 liter; 12am 40 liter; 7pm 80 liter
---> annual energy consumption: 2940 kWh

The simuiations were carried out by TRNSYS /1/. For the simulation of the store the
“multiport storage model" was used/2/.

Subsequent sections are explainations of the parameters as they are given to the clients

together with the test report. This is why we avoided specific technology terms and
mathematical equations.

1. Technical Data

DIN 4753 demands to declare hot water systems and storages with the heating efficiency or
a performance index determined according to DIN 4708. If there are two different figures
in the field "performance index acc. to DIN 4708", the left (smaller) figure refers to the
operation with the solar loop heat exchanger and the right (higher) figure to operation with
the auxiliary heater loop heat exchanger.

To attain this heating efficiency or performance index by discharging the storage, the
thermal power must be added in advance or during the discharge process. The heating
efficiencies according to DIN 4753 are usually ranking between 50-150 kW for storages with
a volume of approximately 300 liters (4 people household). However, the combustion unit
for a 4 people household provides a filament power which is in general much lower, Thus
the efficiency of the storage is limited in reality by the maximum thermal power of the
combustion unit. For this reason we do not regard the information refering the performance
index provided by DIN 4753 as useful.

" Figures printed bold and italic refers to the fields of the test report.
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2. Test Results

The weight is the weight of the entire storage inclusive thermal insulation and heat
exchangers, but without water.

The maximum height and the maximum diameter were measured on the test sample. Height
of water volume and diameter of the water volume refers to the technical data of the
manufacturer.

The domestic hot water volume and the volume of the heat exchangers are determined by
directly weighing the water contents. If the storage and heat exchangers cannot be
completely drained the volume can only be measured with a relatively small precision.

For the tests water is used as fluid. We assume within the usual operation temperature range
(15 *C-60 "C) the density (0=992,4 kg/m®) and specific heat capacity (c,=4,18 kI(kg X))
as constant.

The thermal capacity of the entire store describes the thermal energy that can be taken up
or released by the store per Kelvin temperature difference. The useful storage volume can
be found by dividing the thermal capacity of the entire store by the product of p-c,. If the
useful storage volume is remarkably smaller than the nominal volume, the storage has a
"dead” volume, e. g. a volume, that is partly not used. The part below the output of the
solar loop heat exchanger cannot be heated, since hot water has a lower density than cold
water and therefore rises.

If the useful storage volume is somewhat larger than it’s due to the thermal capacity of the

metal used for the tank and the heat exchangers. In this case the entire storage volume is
completely used.

The thermal capacity of the auxiliary part describes the thermal energy that can be taken
up or released by the auxiliary part during normal operation per Kelvin temperature
difference. In general the circulation pump for the auxiliary heating loop is controtled by the
auxiliary heater sensor, Thus the thermal capacity of the auxiliary part depends on the
position of the upper heat exchanger and the position of the auxiliary heater sensor.

The volume of the auxiliary heated part can be calculated by dividing the capacity by the
product of p-c,.
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The heat loss capacity rate describes the heat losses from storage to ambient per Kelvin
temperature difference (between storage and ambient). The importance of the heat loss
capacity rate shall be shown with the following example. '

Assuming a temperature difference between storage and ambient of 40 K and a heat loss
capacity rate of 2,5 W/K, a heat loss power of 100 W results.

100 W seems to be a marginal power compared to the power of the collector field which is
about 2500 W (insolation 800 W/m?, collector area 5 m’, »=80%). However the heat losses
occur for 24 hours a day, and so the storage is loosing 2,4 kWh each day. Compared with
the daily hot water energy consumption of 8 kWh, (typical for a four person household), the
energy loss is about 30%!

As shown by this example, the heat loss capacity rate has an important influence on the
performance of the system. Hence is should be as low as possible.

The effective vertical thermal conductivity informs about the degradation of the thermal
stratification during sand-by. To obuin the effective vertical thermal conductivity the
auxiliary part is charged twice by the upper heat exchanger. The first time the discharge is
performed immediately after charging, the second time a stand-by of 24 hours is included
Fig. 1 of the test report shows the two different draw-off profiles.
The measured storage outlet temperature is plotted versus the number of drawn storage
volumes (n).
How to calculate the number of drawn storage volumes is shown by an example:
It is assumed that a store with a volume of 300 liter is discharged with a constant
flow rate of 150 I/h. After one hour n amounts to 0.5; after 2 hours to 1.0.

As shown in Fig. 1 of the test report the profile obtained after stand-by is starting at a lower
temperature and the curve is more smoothed. The lower temperature at the start of discharge
is caused by two overlapping effects:

First the storage has lost energy during the 24 h stand-by to the environment, Therefore the
amount of discharged energy after the stand-by is obviously lower than the energy
discharged immediately after charging. The second effect is the heat transfer from the hot
auxiliary part to the cold solar part of the store, during the 24 h stand-by. Fig. 2 of the test
report shows the profiles in a standardized form.

The heat transfer from the top to the bottom of the store is due to the thermal conductivity
of the steel tank, the water and other inner parts of the construction (e. g. heat exchangers),
as well as due to thermal convection flows. The intensity of this heat transfer is described
by the effective vertical thermal conductivity.
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The degradation of stratification during stand-by caused by the effective vertical thermal
conductivity has two different negative aspects: :

1. The energy transferred from the auxiliary part of the storage to the solar part has to be
renewed by the auxiliary heater to guarantee the operating temperature in the auxiliary part.

2. The energy transferred to the solar part increases its temperature and causes higher
temperatures in the collector loop.

We see that the effective vertical thermal conductivity should be as low as possible. It could
of course not be lower than the conductivity of the water in the storage.

For good storages without immersed parts the effective vertical thermal conductivity is close
to the thermal conductivity of water (0.6 W/(mK)). For storages with immersed heat
exchangers an effective vertical thermal conductivity between 1,0 and 1,5 W/(mK) can be
reached.

The influence of the effective vertical thermal conductivity on the solar fraction of the
standard solar system is given in Fig. 1. It shows that the bisection of the effective vertical

thermal conductivity (from 3.0 to 1.5 W/(mK)) causes an improvement of the solar fraction
of about 3%.
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effective thermal conductivity [W/(mK)]
w b
heat transfer capacity rate [W/K]

Figure 1: Influence of two thermal storage parameters on the solar fraction
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The stratification number is an index for the preservation of the temperature profile during
discharge. Fig. 3 of the test report shows draw-off profiles with the storage outlet
temperature being constant at first, but then decreasing relatively fast. Ideally a step would
occur, The steeper the curve the better the thermal stratification of the storage during the
discharge, and the more water can be drawn with a constant (high) temperature. The reason
for the round "angles" of the profiles is the mixing between the hot water in the storage and
the cold water floating into the storage at the bottom. To reduce mixing the entering cold
water should be calmed and fatigued by a baffle plate.

To find the stratification number the draw-off profile for the larger draw-off flowrate shown
in Fig. 3 of the test report is relevant. High stratification numbers indicate a good
conservation of the temperature stratification during discharge. The stratification number
refers to the number of nodes, if the measured draw-off profile is simulated with a storage
model based on a finite-difference method.

Simulations of the solar domestic hot water system showed, that variations in the range of
high stratification figures have only a very small influence on the solar fraction. Is the
stratification number changed from 30 to 100 the solar fraction will increase for 1%.

Fig. 4 of the test report shows the heat traunsfer capacity rate of the heat exchangers
versus the mean local temperature. The mean local temperature is calculated as the mean
value of the heat exchanger inlet temperature and the local storage temperature.

The heat transfer capacity rate is increasing with the mean local temperature since the
viscosity of water decreases (the water becomes more dilute). In that case the thermal
convection becomes stronger, thus the heat can than be better transferred away from the heat
exchanger.

The heat transfer capacity rate also depends on the transmitted filament power and the flow
rate through the heat exchanger. That’s why these two operation parameter are given below
the equations for the heat wransfer capacity rate. An extrapolation to different operation
parameters is only possible under certain circumstances.

Fig. 1 shows the influence of the heat transfer capacity rate (at 40 °C) versus the solar
fraction of our standard solar system. We see, that an increase of the heat transfer capacity
rate above 400 W/K or 80 W/(K m? ... ...} has only a marginal influence on the solar
fraction.
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3. How does the storage behave in the system?

Besides the heat loss rate, the effective vertical thermal conductivity and the stratification
number there are a number of further storage parameters describing a "good" storage.
These parameters are unfortunately not directly comparable, so that their influence on the
system can only be quantified by the simulation of different 6perating conditions.

This is shown by an example:
Assuming two storages with the solar loop heat exchanger in two different positions,
and the sensor for the collector loop with the same position in both cases, it may be
reasonable for one storage but wrong for the other. A solar sensor is wrong
positioned if it is far above the solar heat exchanger since energy can be transmitted
from the solar circuit to the storage if the temperature of the heat exchanger inlet is
lower than the collector outlet temperature.

To assess the whole storage or its qualities operating with a solar system, simulations have
to be carried out. The parameters for the description of the thermal behaviour of the storage
can be found in the annex B of the test report.

To compare different storages with each other, their thermal behaviour is simulated with the
same solar system. One quality index is the annual solar fraction.

Conclusions

We can say that the developed test procedure delivers all relevant parameters for the thermal
behaviour of a hot water storage. This test is therefore proposed as a base for ISO or CEN.
Thanks to large number of determined parameters, the influence of constructive elements of
the storage on the operation of the solar system can be quantified.

Recently 10 storages for solar domestic hot water systems were tested according to this test
procedure. Also the whole solar systems were tested. It is notable that the efficiency of some
systems could be significantly increased, if the storages were optimized. It has to be
emphasized that the development of the storages for solar systems was neglected in favour
of the collectors.

1/ 8. A. Klein et al.;
TRNSYS, A Transient Simulation Program Version 13.1, Solar Energy Laboratory, University of
Wisconsin-Madison, Wisconsin 53706 USA, April 1992

12/ Storage Model for TRNSYS, Type 74, Version 1.6, Dec. 1994, H. Driick, Th. Pauschinger, Institut fiir
Thermedynamik und Wirmetechnik (ITW), University of Stuttgart

Datei: CEN_I-E. TXT HD04/02/95
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D - 70550 Stuttgart Telex 7 255 445 univ d Test Report No.: 85570815
1. Technical Data "
Manufacturer: Type:
Leckmann AG HEATLOSS 300
Year: Serial No.: Nominal volume: Design:
1993 930815 300 liter Upright steel tank
with two immersed

Performancs index acc, DIN 4708: | Test according to DIN 4753:

7710 no reference

heat exchangers

Domestic hot water volume:
Corrosion protection:
Max. operation pressure: 7 bar
Max. operation temperature; 95 °C

Thermat insulation:

cnamelled + protection anode 1

60 mm Polyurethane foam

Connections (CW /HW / CC): IT 1"/ IT 1"/ ET %,

schematic design

HW

iy

Electric auxiliary heating; 2

Voltage: 2207380V

Heating power: 2/6kW

teal exchangers:

Max. operation pressure:
Max. operation temperature:
Volume of the heat exchanger:
Design:

Connections:

sotar loop auxiliary loop
10 bar 10 bar
100 °C 100 °C
7.0 liter 6,0 li.tcr

steel tube 1,7 m?

steel finned tube 1,5 m?

ET 1" ET 1"

11
2)

as stated by the manufacturer
not existing at test sample

CwW = Cold Water
IT = Internal Thread

HW = Hot Water
ET = External Thread

CC = Circulation
st = steel
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2. Test Results

According to the draft supplement of DIN 4757 "Regeln zur thermischen Priifung von
Speicher-Wassererwirmern fiir Sonnenheizungsanlagen’ following parameters were
determined:

Weight (empty):
Geometric Data: 164 kg
Maximum height: Height of water volume: Max. diameter: Diameter of water volume:
1,47 m 1,20m 0,75 m 0,6 m
Volumina:
Domestic hot water volume: Solar loop heat exchanger: Auxiliary heated loop heat exchanger:
305,2 liter 7,9 liter 7,6 liter

Thermal parameters:

Thermal capacity of entire store: Thermal capacity of auxiliary part:
1350 kI/K £ 2% 667 kI/K + 2%
Heat loss capacity rate: Effective vertical thermal conductivity (s. Fig. 1 + 2):| Stratification number:
223 WIK + 5% 2,53 + 0,073 W/(mK) 100

Heat transfer capacity rate of solar loop heat exchanger:

(kA)yyy = 117,6 - @ %32 [WK] (see Fig. 4

Determined for a volume flow rate V,,, = 360 Ifh and a transfered heating power Py, = 2,76 kW

Heat transfer capacity rate of auxiliary loop heat exchanger:

(M)H;Q = 106,3 - @ 0.26 [WIK] {see Fig. 4)

Determined for a volume flow rate V,,,, = 307 V/h and a transfered heating power P,,, = 5,92 kW

> Derived by regression analysis
Y ®=mean local temperature in °C {mear value of HX-inlet temp. and local storage temperature)
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Figure 1: Draw-off profile immediately after charging of the auxiliary part of the
storage and after 24 h stand-by
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Test Report No.: 955T0815

3. Remarks

None.

Testing period: August 12 to 31, 1994

Test engineer:

4. Comment

Dipl.-Ing. H. Driick / Dipl.-Ing. T. Pauschinger

The thermal storage was tested according to the draft supplement of DIN 4757 "Regeln zur
thermischen Priifung von Speicher-Wassererwéirmern fiir Sonnenheizungsanlagen’.

Stuttgart, January 17, 1995

Prof. Dr.-Ing. E. Hahne
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Annex A: Verification of the Determined Parameters

The determined parameters are verified by comparing measurement and calculation of following two
dymanic test sequences:

For operation with the solar loop heat exchanger:
Charge with constant power until a heat exchanger outlet temperature of 70°C is reached.
Draw-off half storage volume.

Charge with constant power until to a heat exchanger outlet temperature of 40°C is reached.
Stand-by for 16 hours,

Complete discharge to ambient temperature.,

AW -

Qalkl | Q. | 0w | Qubn | Q)
74980 | 76200 | 1.63% | 70340 71100

Tab. Al: Comparison of the energy measured and calculated by simulation at operation with the
solar loep heat exchanger ®

For the operation with the auxiliary heat exchanger:

1. Charge with constant power until a temperature of 70°C is reached at the auxiliary heater sensor.
2. Draw-off half storage volume.,
3. Charge analogous to 1.
4.  Stand-by for 16 hours.
5. Complete discharge to ambient temperature,
Qc,m [kJ] Qc,s [kj} L V_Qc,er_r - Qd,m [kj} Qd,s [k']] i
38910 38650 | 0679 - 36530 36400 | 036 %

Tab. A2: Comparison of the energy measured and calculated by simulation at operation with the
auxiliary loop heat exchanger ®

* The energy transfered to the store during the charge period is indicated by ‘c’ for 'charge’.
The energy directly drawn from the store is indicated by ‘d’ for ‘discharge’.
The index ‘m’ stands for the measured and the index s’ for the calculated energy {simulation},

The relative derivation between measurement and simulation is calculated according to:

Qc.s B Qd.s - Qa’,m

“P - 100%  and Q. -
Qc.m % Qdm

+

Qc.err = : 100%
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Annex B: Simulation

For the simulation of the thermal behaviour of the storage with computer programs,
(e. g. TRNSYS Type 74 ®), the following parameters are recommended.

Entire storage:

Height:

1,17 m

Volume:

312 liter

spec. heat capacity

4,18 kI/(kg K)

Density:

992 kg/m®

effective vertical thermal conductivity:

2,53 W/(m K)

Inlet height cold water: Outlet height hot water: Inlet height circulation:

0,07 1,07 0,57
Heat exchanger: solar loop auxiliary loop
Height of lower connection: 0,07 0,508
Height of upper connection: 0,257 0,727
Volune: 7,9 liter 7,6 liter
Heat transfer capacity rate: see page 4 + 6 sce page 4 + 6
Stratified charging: no no
Temperature sensors: lower middle upper
Position: 0,357 none 0,817
General:

Heat loss capacity rate:

2,23 W/K

Homogene density of nodes for finite - differance method:

100 nodes

Figures printed in bold letters are determined by parameter identification.

6]

Storage Model for TRNSYS, Type 74, Version 1.6, Dec. 1994, H. Drick, Th. Pauschinger
Institut fir Thermodynamik und Warmetechnik, Universitat Stuttgart

Relative position, refering to the storage height above.

The relative position used for the storage mode! are not rudimentary identical with the
physical heights of the cannections.



TZS Stuttgart Telefon {0711) 685-3536 Page 10
Pfaffenwaldring 6 Telefax {0711) 685-3503
D - 70550 Stuttgart Telex 7 255 445 univd Test Report No.: 955T0815

Annex C: Infrared Thermography

Figure Cl1: Infrared thermography of the store (water temperature: 60 °C)
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Storage Test Methodsﬁ_

Instltut fur Thermody' k‘und{ Warmetechmk (ITW)
o University of Stuttgart

-Motivation
-Tésl_t“Stand
-Test Procedures
-Determination of
- heat loss rate
- thermal capacity
- effective vertical thermal conductivity
- stratification number
-'heat transfer capacity rate of

immersed heat exchangers
- position of the auxiliary heat exchanger

-

- Verification of the determined parameters

- Test Report

Datei: Folio13E.TXT HD 04/02/95
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1. Directly Assessable Parameters

- Heat Loss Rate [W/K]
- Effective Vertical Conductivity [W/mK]
- Stratification Number [ - ]

Crucial for the assessment of a ’solar
storage’ is its influence on the whole
system

---> System Simulation

2. Indirectly Assessable Parameters
(Simulation)

- Position of sensors and heat exchangers
- Heat transfer capacity rate of the hxs
- Volume of the whole storage and the auxiliary part

Datei: FOLIES-E.TXT  03/03/95



Thermal Storage Parameters

Determination of

Cs (UA)s

Cs (UA)S,stand-by

Cs (UA)Hx1 Nmax

Cs (UA)HX1= f(@)

188[

!
,{

(UA)uxo= () Pos. HX2 [

Y ¥ Y Y VY VY

(UA)HX2 (UA)aux }\,eff

Test A —> Evaluation
Test B > Evaluation
Test S > Evaluation
Test C —»! Evaluation
Test NA —>» Evaluation
Test NB > Evaluation
Test B >
c
Test S >» O
©
Test C > 3
Test NA —» g
es
LLi
Test NB >
InSitu > Evaluation

>

(UA)S.stand-by
Cs Nmax A;eff

(UA)hxi= 1(0)

(UA)pxo= f(6)
Pos. HX2

(UA)S,stand-by '
Cs Nmax A,eff
(UA)hx1= 1(0)

(UA)Hxo= T(0)

Pos. HX2
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Effective vertical thermal conductivity Aot

=> Degradatibn of thermal stratification during stand-by

70

60

Y S— \\ - Ngr= 210 W/imK
\\\ — At = 0,82 W/imK

storage outlet temperature [°C)

40

30 \

10

0 0.2 0.4 0.6 0.8 1 1.2
number of drawn storage volumes [n]
— immediately —— after 24h stand-by
Ao depends on: - Geometry
- Tank wall material '

- Internal components (e. g. heat exchangers)

Example: Calculated conductivity for two real storages (ro internal components)

2 _ AH2O.A‘H20 + Awall.kwe
eff
AHZO + Awall
R Awall
& Ao = 0,63 W/mK (40 °C)
AHz0 |
T p inner@ thiCkneSS AH20 A‘wall )\wa” >\cﬂ'
Y d m] | s [mm] [m] m? | (W/mK] | [W/mK]
Storage 1 0,55 | 4mmsS37 | 02376 0,0069 53 2.10
Storage 2 0,6 2 mm V4A 0,2827 0,0038 15 0,82

Datei: Folie4-E.DRW (2.02.95




storage outlet temperature [°C]

60

50

407

30

20

10

Draw-off profiles for different
stratification numbers

- start of discharge

NN — 15
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Determination of the stratification number

objective [kJ/h]

or number of nodes respectively

2000

1900

1800

1700

1600

1500

1400
0

oy sk o K

ba S

i
S

T

80

flow rate V = 601,7 I/h

I T

120
number of nodes [-]

160

T

200

1 T

240

Minimum of the difference (objective) between

120 nodes

measurement and simulation at

Dateien: Folie12ETXT HD 03/03/95
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WORKSHOP ON THERMAL
ENERGY STORAGE FOR
SOLAR DHW SYSTEMS.
FEBRUARY 10-11 '95,

SAN DIEGO.

THE INFLUENCE OF THE TANK DESIGN
ON

THE THERMAL PERFORMANCE OF DANISH SDHW SYSTEMS

SIMON FURBO

THERMAL INSULATION LABORATORY
TECHNICAL UNIVERSITY OF DENMARK
BUILDING 118
DK-2800 LYNGBY
DENMARK

PHONE: + 45 45 93 44 77
FAX: + 45 45 93 17 55
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TANK RESEARCH

EXPERIMENTAL WORK ON DIFFERENT DESIGNS

THEORETICAL WORK ON LOW FLOW MANTLE TANK
SYSTEMS

THEORETICAL WORK ON HIGH FLOW HEAT
EXCHANGER SPIRAL TANK SYSTEMS

196{




* CALCULATIONS OF THE YEARLY THERMAL PER. 197
FORMANCE OF SMALL SDHW SYSTEMS

TANK TYPES

COMBITANK
PREHEATING TANK

REFERENCE TANKS

MANTLE TANK
HOT WATER TANK WITH A HEAT EXCHANGER SPIRAL
AT THE BOTTOM OF THE TANK

MODELS

DETAILED AND VALIDATED MODELS FOR LOW FLOW
MANTLE TANK SYSTEMS AND FOR HIGH FLOW HEAT
EXCHANGER SPIRAL TANK SYSTEMS

PARAMETER ANALYSES

VOLUME

INSULATION

HEAT EXCHANGE SYSTEM

AUXILIARY ENERGY SUPPLY SYSTEM
TANK MATERIAL AND TANK THICKNESS
HEIGHT/DIAMETER RATIO
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Tank type Mantle tank Hot water tank with built-in
heat exchanger spiral
Tank material Steel St 372 Steel St 37-2
HOT WATER TANK
Volume 192 | 194 1
Height/diameter 1020/500 mm 1020/500 mm
Tank material thickness sides | 4 mm 3 mm
top and bottom | 4 mm 4 mm
MANTLE
Volume 81
Height/diameter 463 mm/530 mm
Material thickness 4 mm
Lecation The mantle surrounds the bottom
part of the hot water tank. The
upper 96 i and the bottom 10 |
of the hot water tank are not
surrcunded by the mantle.
HEAT EXCHANGER SPIRAL Steel St 37-2
Material %"
Dimension 12 m
Length Heat exchanger spiral located
Locaticn at the bottom of the hot

water tank.

AUXILIARY ENERGY SUPPLY
SYSTEM
Location and control system

The upper 96 | of the hot water
tank are heated to 50.5°C by the

auxiliary energy supply system(s).

The upper 97 | of the hot water
tank are heated to 50.5°C by the

auxiliary energy supply system(s).

INSULATION AND HEAT LOSS
Insulation materiat
[nsulation thickness

Thermal bridge at the botfom of
the hot water tank
Heat loss coefficient at 60°C

PUR foam

50 mm around the upper half and
the bottom 10 | of the hot water
tank

35 mm around the mantle and
the bottom of the hot water tank

0.5 WIK

1.8 WIK

PUR foam
50 mm

0.5 W/K

1.6 W/IK




SOLAR COLLECTOR

AREA 4 M2

EFFICIENCY FOR SMALL INCIDENCE ANGLES n=0.75-540(T_-T_)E
HEAT CAPACITY 7000 J/K M2

TILT 45°

ORIENTATION SOUTH

CONTROL SYSTEM

DIFFERENTIAL THERMOSTAT CONTROL WITH ONE SENSOR IN THE SOLAR
COLLECTOR AND ONE AT THE BOTTOM OF THE MANTLE AND HOT WATER TANK
RESPECTIVELY

START DIFFERENCE ‘ 5 K

2 K FOR THE MANTLE TANK
STOP DIFFERENCE {0.4 K FOR THE SPIRAL TANK
VOLUME FLOW RATE 0.6 LIMIN FOR THE MANTLE TANK
IN THE SOLAR COLLEGTOR LOOP 4 UMIN FOR THE SPIRAL TANK

SOLAR COLLECTOR LOOP

PIPE MATERIAL COPPER
EXT. DIAMETER 15 MM
INT. DIAMETER 13 MM
INSULATION MATERIAL PUR FOAM
INSULATION THICKNESS 10 MM

LENGTH OF PIPE FROM SQLAR COLLECTOR TO STORAGE, QUTDQOR 16 M
LENGTH OF PIPE FROM STORAGE TO SOLAR COLLECTOR, OUTDOOR 1.5 M

LENGTH OF PIPE FROM SOLAR COLLECTOR TO STORAGE, INDOOR 3.5 M
LENGTH OF PIPE FROM STORAGE TO SOLAR COLLECTOR, INDOOR 3.5 M
SOLAR COLLECTOR FLUID - 90% PROPYLENE GLYCOLMWATER-MIXTURE
POWER OF CIRCULATION PUMP 30 W

HEAT STORAGE

AMBIENT TEMPERATURE 20°C

a9



ASSUMPTIONS

HOT WATER CONSUMPTION:

160 L/DAY HEATED FROM 10°C TO 50°C

TAPPING HOUR

HOT WATER CONSUMPTION

7 AM.
12 NOON
7 P.M.

93,33 L
93,33 L
93,33 L

TOP OF TANK HEATED BY THE AUXILIARY ENERGY SUPPLY

SYSTEM(S) TO: 50.5°C

200




WEATHER DATA FROM THE DANISH TEST REFERENCE YEAR

MONTH MONTHLY HORIZONTAL RADIATION | MONTHLY AVERAGE
RADIATION ON | QUTSIDE
SOUTHFACING | TEMPERA-

45° TILTED TURE

AREA

MJ/m? kWh/m? MJ/m? -d | MJ/m? kWh/m? °C

JANUARY 47 13.1 1.52 | 96 26.6 0.6
FEBRUARY | 119 33.1 4.25 | 213 59.1 11
MARCH 212 58.9 -6.84 | 269 74.6 2.6
APRIL 428 118.9 14.27 | 481 133.6 6.6
MAY 562 156.1 18.13 | 563 156.4 10.6
JUNE 670 186.1 22.33 | 641 178.0 15.7
JULY 580 161.1 18.71 | 564 156.8 16.4
AUGUST 486 135.0 15.68 | 539 149.6 16.7
SEPTEMBER | 299 83.1 9.97 | 385 106.9 13.7
OCTOBER 158 43.9 5.10 | 244 67.9 9.2
NOVEMBER | 68 18.9 2.27 | 138 38.3 5.0
DECEMBER | 43 11.9 1.39 | 122 34.0 1.7
YEAR 3665 1018.1 10.04 { 4254  1181.7 8.1

201



ASSUMPTIONS

NO THERMAL BRIDGES AT THE TOP OF THE TANK
CAUSED BY PIPE CONNECTIONS

NO CIRCULATION PIPE

THE AUXILIARY ENERGY SUPPLY SYSTEM HEATS THE
ENTIRE TOP OF THE TANK TO THE SAME TEMPERA-

TURE LEVEL

NO MIXING CAUSED BY HEAfING - NEITHER IF HEATED
BY THE SOLAR COLLECTOR NOR BY THE AUXILIARY
ENERGY SUPPLY SYSTEM

NO DOWNWARD HEAT TRANSFER CAUSED BY VERTI-
CAL PIPES AND HEAT EXCHANGER SPIRALS

THE HEAT EXCHANGE CAPACITY RATES FOR MANTLES
ARE DETERMINED BY MEANS OF MEASUREMENTS ON
A 200 L STANDARD MANTLE TANK

———
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HEAT STORAGE LOSS CAUSED BY
PIPE CONNECTIONS AND THERMAL BRIDGES
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CALCULATIONS WITH DIFFERENT:

VOLUMES
THERMAL BRIDGES AT THE TOP OF THE TANK
THICKNESS OF INSULATION

- THERMOSTAT TEMPERATURE FOR THE AUXILIARY
ENERGY SUPPLY SYSTEM

VOLUMES ABOVE THE AUXILIARY ENERGY SUPPLY
SYSTEM

HEIGHT/DIAMETER RATIOS
VOLUMES ABOVE THE MANTLE

TANK MATERIALS AND THICKNESS OF THE TANK
MATERIAL

LENGTHS OF THE HEAT EXCHANGER SPIRAL
- TANK MATERIAL THICKNESS
THERMAL BRIDGES AT THE BOTTOM OF THE TANK

VOLUMES ABOVE THE TEMPERATURE SENSOR FOR
THE AUXILIARY ENERGY SUPPLY SYSTEM

MANTLE DIAMETERS
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6000
Energy demand
ond net utilized
solar energy 4000
kWh
year
2000
0
2000
1500
Net utilized
solar energy
kWh 1500 |
year
500
0

Heat loss of circulation

pipe, W

Z1b
0 100 200 300
! ' 6000
i 4000
i k
Energy demand in system wilh ciock control yz\‘rc]:r
B Net utilized solcr energy 4 2000
] i O
0 100 200 200
Heat loss of circulation pipe, W
0 100 200 300
' T 2000
1500
kWh
1000 year
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Design of circulation inlet

Direct inlet Bent

Perforated pipe Parallel plates

21



INLET

MAXIMUM VOLUME FLOW
RATE WITHOUT MIXING

2" BENT

2" DIRECT INLET

2" PERFORATED PIPE
2" T-PIECE

2" PARALLEL PLATES

1000 I/h
1800 I/h
1800 I/h
2500 I/h
4500 I/h

o
bk




Net utilized

solar energy 1000

kWh /year

0 0.2 0.4 0.6 0.8 1.0
1800 | | l T 1800
1600 |- 41600
1400 F 1 41400
1200 2 {1200

3
o J1000

800

1) System with hect storage

with maximum thermal stratification

-} 800
2) Standord mantle tank system
3) Standard heat exchanger spirai
600 H tank system -1 600
4) System with heat storage without
_ thermal stratification
400+ 4 1400
200 - 200
0 | | I [ 0
0 0.2 0.4 0.6 0.8 1.0

Volume flow rate in solar collector loop
¢/min m? solar collector



MIXING BETWEEN SOLAR HEATED WATER AND
ABOVE SITUATED WATER HEATED BY THE
AUXILIARY ENERGY SUPPLY SYSTEM

THE MIXING REDUCES THE THERMAL STRATIFICATION
IN THE TANK AND THE THERMAL PERFORMANCE OF

THE SYSTEM

THE HIGHER THE HEAT EXCHANGER SPIRAL THE
MORE MIXING )

THE REDUCTION FOR A TESTED MARKETED TANK IS
ABOUT 4%




NEEDED RESEARCH

GENERAL

- MIXING CAUSED BY INLETS
- DOWNWARD HEAT TRANSFER CAUSED BY VERTICAL PIPES

TANKS WITH A HIGH HEAT EXCHANGER SPIRAL

- HEAT EXCHANGE CAPACITY RATE
- MIXING CAUSED BY HEATING BY MEANS OF THE SPIRAL
- DOWNWARD HEAT TRANSFER CAUSED BY THE SPIRAL

MANTLE TANK

- HEAT EXCHANGE CAPACITY RATE FOR DIFFERENT
DESIGNS AND OPERATION CONDITIONS:

- MANTLE HEIGHT AND DIAMETER
- MANTLE THICKNESS

- INLET DESIGN

- FLOW RATE

~ SOLAR COLLECTOR FLUID






